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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims a priority of a Chinese patent application No. 201510628000.0 filed in China on
September 28, 2015, the disclosure of which is incorporated in its entirety by reference herein.

TECHNICAL FIELD

[0002] The present disclosure relates a technical field of displaying, and specifically relates to a pixel driving circuit,
a display panel, a method for driving the display panel, and a display device.

BACKGROUND

[0003] Comparing with conventional display device, an Organic Light Emitting Diode (OLED), as an electrical-current
type light emitting device, is being more and more widely applied in a field of high performance display, due to its
advantages of self-emission, quick response, wide view angles, and feasibility of being fabricated on a flexible base.
According to the manners to be driven, OLED display devices may be divided into two categories, i.e., a Passive Matrix
Driving OLED (PMOLED) and an Active Matrix Driving OLED (AMOLED). The AMOLED has advantages of low production
costs, high response speeds, power-savings, capability of being used for direct-current driving in a portable device, and
a wide range of operational temperature, and thus the AMOLED display is expected to become a next generation flat
panel display in place of a Liquid Crystal Display (LCD).
[0004] The current OLED is driven by a Drive Thin Film Transistor (DTFT), which is typically a P-type switch transistor.
A gate electrode of the DTFT is connected to a data input terminal Vdata, a source electrode thereof is connected to an
input terminal VDD of a constant voltage source, and a drain electrode thereof is connected to the OLED. Because a
voltage difference VGS is generated between the voltage VDD at the source electrode and the voltage Vdata at the gate
electrode, the OLED connected to the drain electrode of the DTFT is turned on, and a current for driving the OLED is
IOLED = K(VGS - Vth)2, wherein Vth is a threshold voltage of the DTFT, and K is a constant. From the above equation of
the current for driving the OLED, it can be seen that, the threshold voltage Vth of the DTFT may affect the current IOLED
for driving the OLED flowing through the OLED, and due to facts such as errors in the manufacturing processes, and
aging of devices, the threshold voltage Vth of the DTFT in each pixel unit would drift, thus causing deviation of the current
for driving the OLED and adversely affecting display quality. Additionally, with rapid developments of the display technique,
display devices with touch functions are increasingly popular due to their merits such as visualized operations. In a type
of the conventional OLED display devices, a cathode of an OLED of OLED display device further functions as a touch
electrode, so as to reduce an overall thickness of the display device. In case that the cathode functions as the touch
electrode, a touch driving signal is required to be applied to the cathode. However, a voltage at the touch driving signal
fluctuates with time, such that the current flowing through the OLED is changed and a luminance of the OLED varies
with the time, which adversely affects the display quality.

SUMMARY

[0005] The embodiments of the present disclosure provide a pixel driving circuit, a display panel, a method for driving
the display panel, and a display device, which may prevent a drift of a threshold voltage of a driving transistor from
affecting a driving current of an active light-emitting device, and prevent a voltage fluctuation of a touch driving signal
with time from affecting display quality.
[0006] To achieve the above objective, embodiments of the present disclosure use the following technical solutions.
[0007] According to a first aspect of the present disclosure, a pixel driving circuit is provided, which includes a preset
unit, a driving unit, a compensation unit, an energy storage unit, and a driving signal output unit. The energy storage
unit is connected to a first node and a second node, and configured to store a voltage at the first node and a voltage at
the second node. The preset unit is connected to a first voltage terminal, the first node, the second node, a second
scanning signal terminal and a reset signal terminal, and configured to, under the control of the second scanning signal
terminal, apply a voltage at the first voltage terminal to the first node and apply a voltage at the reset signal terminal to
the second node. The compensation unit is connected to a third node, the first node, the second node, a data signal
terminal and a first scanning signal terminal, and configured to, under the control of the first scanning signal terminal,
apply a data voltage at the data signal terminal to the first node and apply a voltage at the third node to the second node,
until the voltage at the second node is compensated to be a voltage difference between the voltage at the first voltage
terminal and a threshold voltage of the driving unit. The driving unit is connected to the first voltage terminal, the second
node and the third node, and configured to, under the control of the voltage at the first voltage terminal and the voltage
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at the second node, apply to the third node a driving current for driving an electroluminescent element connected with
the pixel driving circuit. The driving signal output unit is connected to the first node, the third node, a reference signal
terminal, a third scanning signal terminal and a signal output terminal, and configured to, under the control of the third
scanning signal terminal, output a signal from the reference signal terminal to the first node and apply the driving current
from the third node to the signal output terminal.
[0008] Optionally, the preset unit includes a first transistor and a fourth transistor. A gate electrode of the first transistor
is connected to the second scanning signal terminal, a first electrode of the first transistor is connected to the first voltage
terminal, and a second electrode of the first transistor is connected to the first node. A gate electrode of the fourth
transistor is connected to the second scanning signal terminal, a first electrode of the fourth transistor is connected to
the reset signal terminal, and a second electrode of the fourth transistor is connected to the second node.
[0009] Optionally, the energy storage unit includes a first capacitor, wherein a first end of the first capacitor is connected
to the first node, and a second end of the first capacitor is connected to the second node.
[0010] Optionally, the driving unit includes a driving transistor, wherein a gate electrode of the driving transistor is
connected to the second node, a first terminal of the driving transistor is connected to the first voltage terminal, and a
second terminal of the driving transistor is connected to the third node.
[0011] Optionally, the compensation unit includes the third transistor and the fifth transistor, wherein a gate electrode
of the third transistor is connected to the first scanning signal terminal, a first electrode of the third transistor is connected
to the data signal terminal, and a second electrode of the third transistor is connected to the first node; and a gate
electrode of the fifth transistor is connected to the first scanning signal terminal, a first electrode of the fifth transistor is
connected to the third node, and a second electrode of the fifth transistor is connected to the second node.
[0012] Optionally, the driving signal output unit includes the second transistor and the sixth transistor, wherein a gate
electrode of the second transistor is connected to the third scanning signal terminal, a first electrode of the second
transistor is connected to the reference signal terminal, and a second electrode of the second transistor is connected
to the first node; and a gate electrode of the sixth transistor is connected to the third scanning signal terminal, a first
electrode of the sixth transistor is connected to the third node, and a second electrode of the sixth transistor is connected
to the signal output terminal.
[0013] According to a second aspect of the present disclosure, a display panel is provided, which includes a base, an
array of electroluminescent elements formed on the base, an array of pixel driving circuits for driving the array of elec-
troluminescent elements, and a plurality of display driving signal lines for outputting display driving signals to the array
of pixel driving circuits; wherein. Each of the pixel driving circuits is the above pixel driving circuit; the array of electro-
luminescent elements includes a first electrode pattern, a second electrode pattern, and an electroluminescent layer
arranged between the first electrode pattern and the second electrode pattern; and the first electrode pattern includes
a plurality of first electrodes that are connected to signal output terminals of the pixel driving circuits respectively.
[0014] Optionally, the display panel further includes a plurality of touch signal lines, wherein the second electrode
pattern includes a plurality of second electrodes that are connected to the plurality of touch signal lines respectively and
function as touch electrodes.
[0015] Optionally, the plurality of second electrodes are arranged in a plurality of rows, the second electrodes in odd-
numbered rows are offset relative to the second electrodes in even-numbered rows in a column direction, the second
electrodes in each odd-numbered row are connected to an identical touch signal line, and the second electrodes in a
same column and in the even-numbered rows are connected to an identical touch signal line.
[0016] Optionally, the first electrodes are anodes of the electroluminescent elements, and the second electrodes are
cathodes of the electroluminescent elements.
[0017] According to a third aspect of the present disclosure, a method for driving the above display panel is provided,
which includes: at a first stage, under the control of the second scanning signal terminal, the present unit applies the
voltage at the first voltage terminal to the first node, and applies the voltage at the reset signal terminal to the second
node; at a second stage, under the control of the first scanning signal terminal, the compensation unit applies the data
voltage at the data signal terminal to the first node, and applies the voltage at the third node to the second node, until
the voltage at the second node is compensated to be the voltage difference between the voltage at the first voltage
terminal and the threshold voltage of the driving unit; and at a third stage, the driving signal output unit outputs a signal
from the reference signal terminal to the first node under the control of the third scanning signal terminal, the driving unit
applies to the third node the driving current for driving the electroluminescent element connected to the pixel driving
circuit under the control of the voltage at the first voltage terminal and the voltage at the second node, and the driving
signal output unit applies the driving current from the third node to the signal output terminal, wherein the third stage
includes a touch period in which touch driving signals are outputted to the second electrodes of the second electrode
pattern, wherein voltage differences between voltages of the display driving signals applied to the display driving signal
lines and voltages of the touch driving signal applied to the touch signal lines do not fluctuate with time.
[0018] Optionally, the preset unit includes the first transistor and the fourth transistor, wherein at the first stage, both
the first transistor and the fourth transistor are in a turned-on state under the control of the second scanning signal
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terminal, and the voltage at the first voltage terminal is applied to the first node through the first transistor, and the voltage
at the reset signal terminal is applied to the second node through the fourth transistor.
[0019] Optionally, the compensation unit includes the third transistor and the fifth transistor, wherein at the second
stage, both the third transistor and the fifth transistor are in a turned-on state under the control of the first scanning signal
terminal, the data voltage at the data signal terminal is applied to the first node through the third transistor, and the
voltage at the third node is applied to the second node through the fifth transistor, until the voltage at the second node
is compensated to be the voltage difference between the voltage at the first voltage terminal and the threshold voltage
of the driving unit.
[0020] Optionally, the driving signal output unit includes the second transistor and the sixth transistor, wherein at the
third stage, both the second transistor and the sixth transistor are in a turned-on state under the control of the third
scanning signal terminal, it is outputted the signal from the reference signal terminal to the first node through the second
transistor, and the driving current from the third node is applied to the signal output terminal through the sixth transistor.
[0021] According to a fourth aspect of the present disclosure, a display device is provided, which includes the above
display panel.
[0022] The present disclosure provides in some embodiments the pixel driving circuit, the display panel, the method
for driving the display panel, and the display device. Because the compensation unit may compensate the threshold
voltage of the driving unit, it is prevented a drift of the threshold voltage of the driving unit in the pixel driving circuit from
adversely affecting the driving current, while the touch driving signals are outputted to the second electrodes in the
second electrode pattern in the touch period. In addition, when the display panel including the above pixel driving circuit
is driven, the voltage differences between the voltages of the display driving signals applied to the display driving signal
lines and the voltages of the touch driving signals do not fluctuate with the time, so as to prevent the fluctuations of the
voltages of the touch driving signals with the time from adversely affecting the display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In order to illustrate the technical solutions of the present disclosure or the related art in a clearer manner, the
drawings desired for the present disclosure or the related art will be described hereinafter briefly. Obviously, the following
drawings merely relate to some embodiments of the present disclosure, and based on these drawings, a person skilled
in the art may obtain the other drawings without any creative effort.

Fig. 1 is a structural schematic diagram of a pixel driving circuit provided in the embodiments of the present disclosure;
Fig. 2 is a structural schematic diagram of a display panel provided in the embodiments of the present disclosure;
Fig. 3 is a schematic diagram of connection of second electrodes and touch signal lines in the display panel shown
in Fig. 2 provided in the embodiments of the present disclosure;
Fig. 4 is a structural schematic diagram of a pixel driving circuit provided in the embodiments of the present disclosure;
Fig. 5 is a timing diagram of input signals for the pixel driving circuit shown in Fig. 4 provided in the embodiments
of the present disclosure;
Fig. 6 is a schematic diagram of an equivalent circuit at a stage t1 for the pixel driving circuit shown in Fig. 4 provided
in the embodiments of the present disclosure;
Fig. 7 is a schematic diagram of an equivalent circuit at a stage t2 for the pixel driving circuit shown in Fig. 4 provided
in the embodiments of the present disclosure; and
Fig. 8 is a schematic diagram of an equivalent circuit at a stage t3 for the pixel driving circuit shown in Fig. 4 provided
in the embodiments of the present disclosure.

Reference numerals:

[0024]

10- base, 11- buffer layer, 12- active layer, 12a(12b)- doped active layer, 13- gate insulation layer, 14- gate electrode,
15- interlayer insulation layer, 16a- drain electrode, 16b- source electrode, 16c- touch signal line, 17-planarization
layer, 18a- first electrode, 18b- third electrode, 19- pixel definition layer, 20- electroluminescent layer, 21- second
electrode, 30-pixel driving circuit;
101- preset unit, 102-driving unit, 103-compensation unit, 104-energy storage unit, 105- driving signal output unit;
T1- first transistor, T2- second transistor, T3- third transistor, T4-fourth transistor, T5- fifth transistor, T6- sixth
transistor, DTFT- driving thin film transistor, C- capacitor, OLED- electroluminescent element.
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DETAILED DESCRIPTION

[0025] In order to make the objects, the technical solutions and the advantages of the present disclosure more apparent,
the present disclosure will be described hereinafter in a clear and complete manner in conjunction with the drawings
and embodiments. Obviously, the following embodiments merely relate to a part of, rather than all of, the embodiments
of the present disclosure, and based on these embodiments, a person skilled in the art may, without any creative effort,
obtain the other embodiments, which also fall within the scope of the present disclosure.
[0026] Unless otherwise defined, any technical or scientific term used herein shall have the common meaning under-
stood by a person of ordinary skills. Such words as "first" and "second" used in the specification and claims are merely
used to differentiate different components rather than to represent any order, number or importance. Similarly, such
words as "one" or "a" are merely used to represent the existence of at least one member, rather than to limit the number
thereof. Such words as "connect" or "connected to" may include electrical connection, direct or indirect, rather than to
be limited to physical or mechanical connection. Such words as "on", "under", "left" and "right" are merely used to
represent relative position relationship, and when an absolute position of the object is changed, the relative position
relationship will be changed too.
[0027] All of the transistors described in all embodiments of the present disclosure can be thin-film transistors or field
effect transistors or other devices having similar characteristics. The transistors used in the embodiments of the present
disclosure are mainly switch transistors according to their functions in circuits. Because source electrodes and drain
electrodes of the switch transistors used herein are symmetrical, the source electrodes and the drain electrodes thereof
are interchangeable. In the embodiments of the present disclosure, in order to differentiate the two electrodes other than
the gate electrode of a transistor, the source electrode of the two electrodes is referred to as the first terminal, and the
drain electrode of the two electrodes is referred to as the second terminal. In the drawings, a middle terminal of a transistor
is the gate electrode, and a terminal for signal input is the source electrode, and a terminal for signal output is the drain
electrode. In addition, the switch transistors used in the embodiments of the present disclosure include P-type switch
transistors and N-type switch transistors. The P-type switch transistor is turned on when the gate electrodes thereof is
at a low level, and is turned off when the gate electrode thereof is at a high level. The N-type switch transistor is turned
on when the gate electrode thereof is at a high level, and is turned off when the gate electrode thereof is at a low level.
The driving transistors include P-type driving transistors and N-type driving transistors. The P-type driving transistor is
in an amplified state or a saturated state when a voltage at the gate electrode thereof is at a low level (i.e., the voltage
at the gate electrode thereof is lower than a voltage at the source electrode thereof), and an absolute value of a voltage
difference between the voltages of the gate electrode and the source electrode is greater than a threshold voltage. The
N-type driving transistor is in the amplified state or the saturated state when a voltage at the gate electrode thereof is
at a high level (i.e., the voltage at the gate electrode thereof is higher than a voltage at the source electrode thereof),
and an absolute value of a voltage difference between the voltages of the gate electrode and the source electrode is
greater than a threshold voltage.
[0028] Referring to Fig. 1, the embodiments of the present disclosure provide a pixel driving circuit. The pixel driving
circuit includes: a preset unit 101, a driving unit 102, a compensation unit 103, an energy storage unit 104, and a driving
signal output unit 105.
[0029] The energy storage unit 104 is connected to a first node "a" and a second node "b", and is configured to store
voltages at the first node "a" and the second node "b".
[0030] The preset unit 101 is connected to a first voltage terminal VI, the first node "a", the second node "b", a second
scanning signal terminal S2, and a reset signal terminal INT, and is configured to apply a voltage at the first voltage
terminal VI to the first node "a" and to apply the voltage at the reset signal terminal INT to the second node "b", under
the control of the second scanning signal terminal S2.
[0031] The compensation unit 103 is connected to a third node "c", the first node "a", the second node "b", a data
signal terminal Data, and a first scanning signal terminal S1, and is configured to, under the control of the first scanning
signal terminal S1, apply a data voltage at the data signal terminal Data to the first node "a" and apply a voltage at the
third node "c" to the second node "b", until the voltage at the second node "b" is compensated to be a voltage difference
between the voltage at the first voltage terminal VI and a threshold voltage of the driving unit 102.
[0032] The driving unit 102 is connected to the first voltage terminal VI, the second node "b", and the third node "c",
and is configured to apply to the third node "c" a driving current for driving an electroluminescent element connected
with the pixel driving circuit, under the control of the voltage at the first voltage terminal V1 and the voltage at the second
node "b".
[0033] The driving signal output unit 105 is connected to the first node "a", the third node "c", a reference signal terminal
REF, a third scanning signal terminal S3 and a signal output terminal OUT, and is configured to output a signal from the
reference signal terminal REF to the first node "a" and apply the driving current from the third node "c" to the signal
output terminal OUT, under the control of the third scanning signal terminal S3.
[0034] The embodiments of the present disclosure provide a display panel, which includes a base, an array of elec-
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troluminescent elements formed on the base, an array of pixel driving circuits for driving the electroluminescent elements,
and a plurality of display driving signal lines for providing display driving signals to the array of pixel driving circuits.
[0035] Each of the pixel driving circuits is the above pixel driving circuit; the array of electroluminescent elements
includes a first electrode pattern, a second electrode pattern, and an electroluminescent layer arranged between the
first electrode pattern and the second electrode pattern; and the first electrode pattern includes a plurality of first electrodes
that are connected to signal output terminals of the pixel driving circuits respectively.
[0036] The display panel includes a plurality of touch signal lines, wherein the second electrode pattern includes a
plurality of second electrodes that are connected to the plurality of touch signal lines respectively and function as touch
electrodes.
[0037] Optionally, the plurality of second electrodes are arranged in a plurality of rows, the second electrodes in odd-
numbered rows are offset relative to the second electrodes in even-numbered rows in a column direction, the second
electrodes in each odd-numbered row are connected to a same touch signal line, and the second electrodes in a same
column and in the even-numbered rows are connected to a same touch signal line.
[0038] The embodiments of the present disclosure further provide a method for driving the above display panel. The
method includes the following three stages:

at a first stage, under the control of the second scanning signal terminal, the present unit applies the voltage at the
first voltage terminal to the first node, and applies the voltage at the reset signal terminal to the second node;
at a second stage, under the control of the first scanning signal terminal, the compensation unit applies the data
voltage at the data signal terminal to the first node, and applies the voltage at the third node to the second node,
until the voltage at the second node is compensated to be the voltage difference between the voltage at the first
voltage terminal and the threshold voltage of the driving unit; and
at a third stage, the driving signal output unit outputs a signal from the reference signal terminal to the first node
under the control of the third scanning signal terminal, the driving unit applies to the third node the driving current
for driving the electroluminescent element connected to the pixel driving circuit under the control of the voltage at
the first voltage terminal and the voltage at the second node, and the driving signal output unit applies the driving
current from the third node to the signal output terminal.

[0039] The third stage includes a touch period in which touch driving signals are outputted to the second electrodes
of the second electrode pattern, wherein voltage differences between voltages of the display driving signals applied to
the display driving signal lines and voltages of the touch driving signal applied to the touch signal lines do not fluctuate
with time.
[0040] When driving such a display panel, the electroluminescent elements are driven to emit light at the above third
stage which includes the touch period. At the time, in the touch period in the third stage, the display driving signal lines
are connected to signal terminals of the pixel driving circuits respectively, and the voltage differences between the
voltages of display driving signals applied to the display driving signal lines and the voltages of the touch driving signals
applied to the touch signal lines are constant.
[0041] In this way, it is reduced the impact on the voltages of the display driving signal lines caused by capacitance
between the second electrodes and the display driving signal lines when the touch driving signals are transmitted on
the second electrodes. Specifically, at the touch period, it enables the voltage at the display driving signal applied to
each display driving signal line to fluctuate within a predetermined range, and such fluctuation is synchronized with
voltage fluctuation of the touch driving signal applied to the second electrode, and an amplitude of the voltage fluctuation
of the display driving signal is equal to an amplitude of the voltage fluctuation of the touch driving signal. Thus, the
voltage difference between the voltage at the display driving signal and the voltage of the touch driving signal is constant,
and thus it is prevented the capacitance between the second electrode and the display driving signal line from being
changed, and the driving current applied to the electroluminescent element by the pixel driving circuit is ensured to be
constant at the third stage
[0042] Thus, because the compensation unit may compensate the threshold voltage of the driving unit, it is prevented
a drift of the threshold voltage of the driving unit in the pixel driving circuit from adversely affecting the driving current,
while the touch driving signals are outputted to the second electrodes in the second electrode pattern in the touch period.
In addition, when the display panel including the above pixel driving circuit is driven, the voltage differences between
the voltages of the display driving signals applied to the display driving signal lines and the voltages of the touch driving
signals do not fluctuate with the time, so as to prevent the fluctuations of the voltages of the touch driving signals with
the time from adversely affecting the display quality.
[0043] In actual implementation, the above display panel may have any one of different specific structures, such as
the pixel driving circuit therein may take any one of different forms and the driving method thereof may not be the same.
This will be exemplified hereinafter with respect to figures.
[0044] In the actual implementation, the array of electroluminescent elements on the display panel includes the plurality
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of electroluminescent elements, and the first electrode pattern of the array of electroluminescent elements includes first
electrodes (the number of which corresponding to the number of electroluminescent elements), and the first electrode
of each of the plurality of electroluminescent elements is connected to one corresponding pixel driving circuit, and each
electroluminescent element driven by the pixel driving circuit emits light accordingly. The pixel unit consists of the
electroluminescent element and the pixel driving circuit. Additionally, a plurality of display driving signal lines for controlling
the plurality of pixel driving circuits is also formed on the display panel. It should be understood that, because requirements
for touch precision is lower than requirements for pixel resolution, each of sizes of the second electrodes in the second
electrode pattern functioning as the touch electrodes is not necessarily to be a size of one pixel unit, i.e., multiple pixel
units may share one second electrode. Fig. 2 is a structural schematic diagram of a pixel unit on the display panel
provided by the present disclosure. The pixel unit includes a base 10, a first electrode 18a and a second electrode 21
formed on the base 10, and an electroluminescent layer 20 arranged between the first electrode 18a and the second
electrode 21. The first electrode 18a together with the second electrode 21 and the electroluminescent layer 20 thereon
implement electroluminescent function. The pixel unit further includes a pixel driving circuit 30 connected to a first
electrode 18a. Fig. 2 only shows a structure of one transistor (i.e. the transistor connected to the electroluminescent
device) in the pixel driving circuit. It can be understood that other devices in the pixel driving circuit may be formed on
the base 10 by using conventional patterning processes. The transistor is a top-gate transistor which includes an active
layer 12, doped active layers 12a, 12b, a gate insulation layer 13, a gate electrode 14, an interlayer insulation layer 15,
a drain electrode 16a and a source electrode 16b. In addition, Fig. 2 further illustrates a buffer layer 11, a touch signal
line 16c connected to the second electrode 21, a planarization layer 17, and a pixel definition layer 19. Additionally, a
third electrode 18b connected to the touch signal line 16c through a via hole is also arranged on the planarization layer
17, wherein the first electrode 18a is connected to the drain electrode 16a through a via hole on the planarization layer
17, the second electrode 21 is connected to the third electrode 18b through a via hole in the pixel definition layer 19. In
the above structure, the first electrode 18a and the third electrode 18b are formed in a same layer, and the drain electrode
16a, the source electrode 16b and the touch signal line 16c are formed in a same layer. Fig. 3 is a diagram of connection
of the second electrodes 21 in the second electrode pattern and the touch signal lines 16c. The positions of the second
electrodes 21 in odd-numbered rows are offset relative to the positions of the second electrodes 21 in even-numbered
rows, and the second electrodes 21 in each odd-numbered row are connected to a same touch signal line 16c in a row
direction, and the second electrodes 21 in the even-numbered rows and in a same column are connected to a same
touch signal line 16c in a column direction. In the actual implementation, when a finger touches any touch position,
charges stored in the second electrodes 21 (including the second electrodes 21 connected to the touch signal line 16c
in the column direction and the second electrodes 21 connected to the touch signal line 16c in the row direction) adjacent
to this touch position may vary. Such variation may be detected by the touch signal lines 16c connected to these second
electrodes 21, so as to determine the touch position.
[0045] Generally, the first electrode 18a herein is an anode of an electroluminescent element, and the second electrode
21 is a cathode of an electroluminescent element. In the embodiments of the present disclosure, the cathodes of the
array of electroluminescent elements may further function as the touch electrodes, such that there is no need to form
the individual touch electrodes, thereby reducing a cell gap of the display device.
[0046] In the actual implementation, the touch signal lines herein may be formed simultaneously with forming elements
(such as capacitors and transistors) of the pixel driving circuits. Further, in some cases, the above pixel driving circuit,
the first electrode pattern and the electroluminescent layer may be formed on a back plate, and the second electrode
pattern may be formed on a cover plate. In such a case, the touch signal lines may be formed on the back plate.
[0047] Referring to Fig.4, in the actual implementation, specific structures of units forming the above pixel driving
circuit 30 are described as follow: the pixel driving circuit 30 includes six P-type switch transistors T1-T6, one P-type
driving transistor DTFT, and one capacitor C, and the pixel driving circuit 30 is connected to an anode of an electrolu-
minescent element OLED. Correspondingly, the display panel includes signal lines for providing signals to signal termi-
nals.
[0048] The preset unit 101 includes a first transistor T1 and a fourth transistor T4; a gate electrode of the first transistor
T1 is connected to the second scanning signal terminal S2, a first electrode of the first transistor T1 is connected to a
first voltage terminal VI, and a second electrode of the first transistor T1 is connected to the first node "a"; a gate electrode
of the fourth transistor T4 is connected to the second scanning signal terminal S2, and a first electrode of the fourth
transistor T4 is connected to the reset signal terminal INT, and a second electrode of the fourth transistor T4 is connected
to second node "b".
[0049] The energy storage unit 104 includes a first capacitor C; a first end of the first capacitor C is connected to the
first node "a", and a second end of the first capacitor C is connected to the second node "b".
[0050] The driving unit 12 includes a driving transistor DTFT; a gate electrode of the driving transistor DTFT is connected
to the second node "b", a first terminal of the driving transistor DTFT is connected to the first level terminal V1, and a
second terminal of the driving transistor DTFT is connected to the third node "c".
[0051] The compensation unit 103 includes a third transistor T3 and a fifth transistor T5; a gate electrode of the third
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transistor T3 is connected to the first scanning signal terminal S1, a first electrode of the third transistor T3 is connected
to the data signal terminal Data, and a second electrode of the third transistor T3 is connected to the first node "a"; a
gate electrode of the fifth transistor T5 is connected to the first scanning signal terminal S1, and a first electrode of the
fifth transistor T5 is connected to the third node "c", and a second electrode of the fifth transistor T5 is connected to the
second node "b".
[0052] The driving signal output unit 105 includes a second transistor T2 and a sixth transistor T6; a gate electrode
of the second transistor T2 is connected to the third scanning signal terminal S3, and a first electrode of the second
transistor T2 is connected to the reference signal terminal REF, and a second electrode of the second transistor T2 is
connected to the first node "a"; a gate electrode of the sixth transistor T6 is connected to the third scanning signal terminal
S3, a first electrode of the sixth transistor T6 is connected to the third node "c", and a second electrode of the sixth
transistor T6 is connected to the signal output terminal OUT.
[0053] In the case that pixel circuits in the display panel include the above specific structures of devices, the method
for driving the display panel further includes the following features.
[0054] Optionally, the preset unit includes the first transistor and the fourth transistor; at a first stage, both the first
transistor and the fourth transistor are in a turned-on state under the control of the second scanning signal terminal, and
the voltage at the first voltage terminal is applied to the first node through the first transistor and the voltage at the reset
signal terminal is applied to the second node through the fourth transistor.
[0055] Optionally, the compensation unit includes the third transistor and the fifth transistor; at a second stage, both
the third transistor and the fifth transistor are in a turned-on state under the control of the first scanning signal terminal,
the data voltage at the data signal terminal is applied to the first node through the third transistor, and the voltage at the
third node is applied to the second node through the fifth transistor, until the voltage at the second node is compensated
to be the voltage difference between the voltage at the first voltage terminal and the threshold voltage of the driving unit.
[0056] Optionally, the driving signal output unit includes the second transistor and the sixth transistor; at a third stage,
both the second transistor and the sixth transistor are in a turned-on state under the control of the third scanning signal
terminal, the signal from the reference signal terminal is outputted to the first node through the second transistor, and
the driving current from the third node is applied to the signal output terminal through the sixth transistor.
[0057] The pixel driving circuits in the display panel provided by the embodiments of the present disclosure may
prevent a drift of a threshold voltage of a driving transistor from affecting display quality by means of a proper driving
method, and may also prevent touch driving signal applied to the cathode from affecting the display quality. An operational
principle of the pixel driving circuit shown in Fig. 4 will be discussed in combination with Figs. 5-8.
[0058] The present embodiment is described by assuming that the transistors as the "P-type" transistors, wherein the
Terminal VI is inputted with a high-level VDD signal, the signal output terminal OUT is connected to an anode of an
electroluminescent element (for example, an OLED), and the Terminal V2 connected to the cathode of the electrolumi-
nescent element is at a low-level VSS. Referring to the pixel driving circuit provided in Fig. 4, timing sequence of input
signals of the pixel driving circuit provided in Fig. 5, and the equivalent circuits of the pixel driving circuit at the various
stages provided in Fig. 6 to Fig. 8, the operational principle of the display panel may be divided into four parts, i.e., the
first stage t1 being a preset stage, the second stage t2 being a threshold voltage and data input stage, and the third
stage t3 being a light-emitting stage, wherein the stage t3 includes a δt touch period. The embodiment is discussed with
respect to the equivalent circuits shown in Fig. 6 to Fig.8. A solid line in the figures represents a transistor in the turned-
on state or a line that is electrically connected, and a dotted line represents a transistor in the turned-off state or a line
that is electrically disconnected.
[0059] At the first stage t1: S1=1, S2=0, S3=1. It should be noted that, "0" represents a low level and "1" represents
a high level hereinafter. Referring to the equivalent circuit shown in Fig. 6, the S1 and the S3 are high-level OFF signals,
and the S2 is a low-level ON signal. In such a case, both T1 and T4 are turned on, and the voltage at the second node
"b" is reset to be Vint through the reset signal terminal INT, and the voltage at the first node "a" is reset to be VDD
through the reset signal terminal INT, and thereafter, the capacitor C keeps a voltage difference between the node "a"
and the node "b". Because the Vint is at a low level, the DTFT is turned on, and because the capacitor C is capable of
keeping the voltage difference between the node "a" and the node "b", the DTFT is in a turned-on state from the beginning
of the next stage, and it is prepared for threshold compensation.
[0060] At the second stage t2, S1=0, S2=1, S3=1. Referring to the equivalent circuit shown in Fig. 7, the S2 and the
S3 are high-level OFF signals, and the S1 is a low-level ON signal. In such a case, both the transistor T3 and the
transistor T5 are turned on, and the data signal terminal Data charges the node "a" through the transistor T3, until the
voltage at the node "a" is changed to be Vdata. Because the transistor T5 is turned on, the gate electrode and the drain
electrode of the DTFT are short-connected such that the DTFT functions as a diode, and the electrical potential at the
node "b" is charged to be VDD-Vth (satisfying that a voltage difference between the gate electrode and the source
electrode of the DTFT is Vth), and at this time, an electrical potential difference between the two ends of the capacitor
C is VDD-Vth-Vdata, and it is prepared for the next stage.
[0061] At the third stage t3, S1=1, S2=1, S3=0. Referring to the equivalent circuit shown in Fig. 8, the S1 and the S2
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are high-level OFF signals, and the S3 is a low-level ON signal. In such a case, both the transistor T2 and the transistor
T6 are turned on, the reference signal terminal REF charges the node a to Vref, and the voltage at the node "b" jumps
to VDD-Vth-Vdata+Vref. The stage t3 in the timing diagram is a light-emitting stage, at which the voltage at the source
electrode of the DTFT is VDD, and the electrical current passes through the DTFT and the transistor T6 to enable the
OLED to emit light.
[0062] It may be obtained from a current saturation equation of the DTFT that: 

[0063] From the above equation, it can be seen that an operational electrical current IOLED is not affected by Vth at
this time, such that it is completely solved the problem of the drift of the threshold voltage Vth of the DTFT due to the
manufacturing process and long operation time, and the impaction on the IOLED by the drift is eliminated, and the OLED
is ensured to operate normally.
[0064] In the δt touch period in the third stage t3, except that the cathode (the second electrode, i.e. the touch electrode)
is inputted with the touch driving signal to start to be driven, other display driving signal lines are driven together with
the touch electrode, so as to assure that all TFTs are in their original ON/OFF states. Meanwhile, an amplitude of the
electrical current applied by the OLED is not affected, because the node "a" has been inputted with the data signal at
the whole light-emitting stage. Because both the voltage VDD and the voltages of other display driving signal lines
including the voltage Vint jump with the touch driving signal of the touch electrode, the node "a" is in a floating state and
also jumps with the voltage Vint. Thus, the electrical current IOLED outputted at the output terminal is not affected.
[0065] Additionally, it should be understood that in the embodiment of the present disclosure, the transistors are set
to be P-type transistors to simplify the manufacturing process. However, in practice, the types of the transistors are not
limited thereto, while similar technical solutions may be obtained to implement the principle of the present disclosure,
and thus fall into the scope of the present disclosure.
[0066] The present disclosure also provides a display device including the above mentioned display panel.
[0067] The display device herein may be any product or component having a display function such as an electronic
paper, a mobile phone, a tablet computer, a television, a monitor, a laptop computer, or a navigator.
[0068] The above are merely specific embodiments of the present disclosure. However, the protection scope of the
present disclosure is not limited thereto. Any variations or replacements anticipated by those skilled in the art under the
teaching of the present disclosure will fall into the protection scope of the present disclosure. Thus, the protection scope
of the present disclosure should be defined by the claims.

Claims

1. A pixel driving circuit, comprising a preset unit, a driving unit, a compensation unit, an energy storage unit, and a
driving signal output unit, wherein
the energy storage unit is connected to a first node and a second node, and configured to store a voltage at the first
node and a voltage at the second node;
the preset unit is connected to a first voltage terminal, the first node, the second node, a second scanning signal
terminal and a reset signal terminal, and configured to, under the control of the second scanning signal terminal,
apply a voltage at the first voltage terminal to the first node and apply a voltage at the reset signal terminal to the
second node;
the compensation unit is connected to a third node, the first node, the second node, a data signal terminal and a
first scanning signal terminal, and configured to, under the control of the first scanning signal terminal, apply a data
voltage at the data signal terminal to the first node and apply a voltage at the third node to the second node, until
the voltage at the second node is compensated to be a voltage difference between the voltage at the first voltage
terminal and a threshold voltage of the driving unit;
the driving unit is connected to the first voltage terminal, the second node and the third node, and configured to,
under the control of the voltage at the first voltage terminal and the voltage at the second node, apply to the third
node a driving current for driving an electroluminescent element connected with the pixel driving circuit; and
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the driving signal output unit is connected to the first node, the third node, a reference signal terminal, a third scanning
signal terminal and a signal output terminal, and configured to, under the control of the third scanning signal terminal,
output a signal from the reference signal terminal to the first node and apply the driving current from the third node
to the signal output terminal.

2. The pixel driving circuit according to claim 1, wherein the preset unit comprises a first transistor and a fourth transistor,
wherein
a gate electrode of the first transistor is connected to the second scanning signal terminal, a first electrode of the
first transistor is connected to the first voltage terminal, and a second electrode of the first transistor is connected
to the first node; and
a gate electrode of the fourth transistor is connected to the second scanning signal terminal, a first electrode of the
fourth transistor is connected to the reset signal terminal, and a second electrode of the fourth transistor is connected
to the second node.

3. The pixel driving circuit according to claim 1, wherein the energy storage unit comprises a first capacitor, wherein
a first end of the first capacitor is connected to the first node, and a second end of the first capacitor is connected
to the second node.

4. The pixel driving circuit according to claim 1, wherein the driving unit comprises a driving transistor, wherein
a gate electrode of the driving transistor is connected to the second node, a first electrode of the driving transistor
is connected to the first voltage terminal, and a second electrode of the driving transistor is connected to the third node.

5. The pixel driving circuit according to claim 1, wherein the compensation unit comprises a third transistor and a fifth
transistor, wherein
a gate electrode of the third transistor is connected to the first scanning signal terminal, a first electrode of the third
transistor is connected to the data signal terminal, and a second electrode of the third transistor is connected to the
first node; and
a gate electrode of the fifth transistor is connected to the first scanning signal terminal, a first electrode of the fifth
transistor is connected to the third node, and a second electrode of the fifth transistor is connected to the second node.

6. The pixel driving circuit according to claim 1, wherein the driving signal output unit comprises a second transistor
and a sixth transistor, wherein
a gate electrode of the second transistor is connected to the third scanning signal terminal, a first electrode of the
second transistor is connected to the reference signal terminal, and a second electrode of the second transistor is
connected to the first node; and
a gate electrode of the sixth transistor is connected to the third scanning signal terminal, a first electrode of the sixth
transistor is connected to the third node, and a second electrode of the sixth transistor is connected to the signal
output terminal.

7. A display panel, comprising a base, an array of electroluminescent elements formed on the base, an array of pixel
driving circuits for driving the array of electroluminescent elements, and a plurality of display driving signal lines for
outputting display driving signals to the array of pixel driving circuits; wherein
each of the pixel driving circuits is the pixel driving circuit according to any one of claims 1-6; the array of electrolu-
minescent elements comprises a first electrode pattern, a second electrode pattern, and an electroluminescent layer
arranged between the first electrode pattern and the second electrode pattern; and the first electrode pattern com-
prises a plurality of first electrodes that are connected to signal output terminals of the pixel driving circuits respectively.

8. The display panel according to claim 7, further comprising a plurality of touch signal lines, wherein the second
electrode pattern comprises a plurality of second electrodes that are connected to the plurality of touch signal lines
respectively and function as touch electrodes.

9. The display panel according to claim 8, wherein the plurality of second electrodes are arranged in a plurality of rows,
the second electrodes in odd-numbered rows are offset relative to the second electrodes in even-numbered rows
in a column direction, the second electrodes in each odd-numbered row are connected to a same touch signal line,
and the second electrodes in a same column and in the even-numbered rows are connected to a same touch signal
line.

10. The display panel according to clam 8, wherein the first electrodes are anodes of the electroluminescent elements,
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and the second electrodes are cathodes of the electroluminescent elements.

11. A method for driving the display panel according to any one of claims 7-10, comprising:

at a first stage, under the control of the second scanning signal terminal, the present unit applies the voltage at
the first voltage terminal to the first node, and applies the voltage at the reset signal terminal to the second node;
at a second stage, under the control of the first scanning signal terminal, the compensation unit applies the data
voltage at the data signal terminal to the first node, and applies the voltage at the third node to the second node,
until the voltage at the second node is compensated to be the voltage difference between the voltage at the
first voltage terminal and the threshold voltage of the driving unit; and
at a third stage, the driving signal output unit outputs a signal from the reference signal terminal to the first node
under the control of the third scanning signal terminal, the driving unit applies to the third node the driving current
for driving the electroluminescent element connected to the pixel driving circuit under the control of the voltage
at the first voltage terminal and the voltage at the second node, and the driving signal output unit applies the
driving current from the third node to the signal output terminal, wherein
the third stage comprises a touch period in which touch driving signals are outputted to the second electrodes
of the second electrode pattern, wherein voltage differences between voltages of the display driving signals
applied to the display driving signal lines and voltages of the touch driving signal applied to the touch signal
lines do not fluctuate with time.

12. The method according to claim 11, wherein the preset unit comprises a first transistor and a fourth transistor, wherein
at the first stage, both the first transistor and the fourth transistor are in a turned-on state under the control of the
second scanning signal terminal, and the voltage at the first voltage terminal is applied to the first node through the
first transistor, and the voltage at the reset signal terminal is applied to the second node through the fourth transistor.

13. The method according to claim 11, wherein the compensation unit comprises a third transistor and a fifth transistor,
wherein
at the second stage, both the third transistor and the fifth transistor are in a turned-on state under the control of the
first scanning signal terminal, the data voltage at the data signal terminal is applied to the first node through the third
transistor, and the voltage at the third node is applied to the second node through the fifth transistor, until the voltage
at the second node is compensated to be the voltage difference between the voltage at the first voltage terminal
and the threshold voltage of the driving unit.

14. The method according to claim 11, wherein the driving signal output unit comprises a second transistor and a sixth
transistor, wherein
at the third stage, both the second transistor and the sixth transistor are in a turned-on state under the control of
the third scanning signal terminal, it is outputted the signal from the reference signal terminal to the first node through
the second transistor, and the driving current from the third node is applied to the signal output terminal through the
sixth transistor.

15. A display device comprising the display panel according to any one of claims 7-10.
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