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PIXEL CIRCUIT, DRIVING METHODS
THEREOF, ORGANIC LIGHT EMITTING
DIODE DISPLAY PANEL, AND DISPLAY

DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Continuation Application of U.S.
patent application Ser. No. 14/650,801 filed on Jun. 9, 2015,
which is the National Stage of International Application No.
PCT/CN2014/085104 filed Aug. 25, 2014, which claims
priority to CN2014/10302711.4 filed Jun. 26, 2014. The
entire disclosures of these applications are incorporated
herein by reference.

TECHNICAL FIELD

The present disclosure relates to the field of display
technology, in particular to a pixel circuit, its driving meth-
ods, an organic light-emitting diode (OLED) display panel,
and a display device.

BACKGROUND

Active matrix/organic light-emitting diode (AMOLED)
display is one of the research hotpots for a current flat-panel
display device. The OLED has such advantages as low
power consumption, low production cost, self-lumines-
cence, wide viewing angle and rapid response. The design of
a pixel driving circuit is a core of the AMOLED display, and
thus it is of important research significance.

For the AMOLED display, it is required to provide a
stable current to control the OLED to emit light. Due to the
manufacturing process and the aging of devices, a threshold
voltage (Vth) of a driving TFT for each pixel point will be
drifted, which results in a change of the current passing
through the OLED for each pixel point along with a change
of the threshold voltage. As a result, the display brightness
is uneven, and thereby a display effect of an entire image
will be adversely affected.

Currently, an in-cell touch technology has been applied to
a liquid crystal display (LCD). As the most difficult problem
to be solved in the in-cell touch technology, there is signal
interference, i.e., there is a considerable parasitic capaci-
tance between a touch electrode and an electrode desired for
the operation of the LCD. As a result, it is very difficult to
prevent display characteristics of the LCD itself from being
adversely affected while ensuring that a touch signal is
collected successfully. Hence, a combination of the in-cell
touch technology with the AMOLED will be a future trend
of the display technology.

SUMMARY

A main object of the present disclosure is to provide a
pixel circuit, its driving methods, an OLED display panel
and a display device, so as to eliminate an effect caused by
a threshold voltage of a driving transistor on a light-emitting
driving signal, thereby to improve the brightness evenness
of the OLED display panel as well as a display effect of the
display device. In addition, it is also able to detect a touch
while achieving the display driving, thereby to further
achieve integration of the display driving and the touch
detection in a more effective manner.

In one aspect, the present disclosure provides in one
embodiment a pixel circuit, including a driving transistor, a
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2

first storage capacitor, and an OLED. A gate electrode of the
driving transistor is connected to a first end of the first
storage capacitor, a first electrode of the driving transistor is
connected to an anode of the OLED, and a cathode of the
OLED is configured to receive a first level. The pixel circuit
further includes:

a driving controlling unit connected to the first end of the
first storage capacitor, a second end of the first storage
capacitor, the first electrode of the driving transistor and a
second electrode of the driving transistor, and configured to,
under the control of a first scanning signal and a second
scanning signal, charge or discharge the first storage capaci-
tor through the first level, a second level and a data voltage,
so as to compensate for a threshold voltage of the driving
transistor with a gate-to-source voltage of the driving tran-
sistor when the OLED is driven by the driving transistor to
emit light; and

a touch controlling unit connected to the data voltage and
a touch signal reading line, and including a touch sensor and
configured to, under the control of the first scanning signal
and the second scanning signal, sense by the touch sensor
whether or not a touch is made and transmit a corresponding
touch sensing signal to the touch signal reading line.

During the implementation, the driving controlling unit
includes:

a first driving controlling transistor, a gate electrode of
which is configured to receive the second scanning signal, a
first electrode of which is connected to the second electrode
of the driving transistor, and a second electrode of which is
configured to receive the second level,

a second driving controlling transistor, a gate electrode of
which is configured to receive the first scanning signal, a
first electrode of which is connected to the first end of the
first storage capacitor, and a second electrode of which is
connected to the second electrode of the driving transistor;

a third driving controlling transistor, a gate electrode of
which is configured to receive a control signal, a first
electrode of which is connected to the second end of the first
storage capacitor, and a second electrode of which is con-
nected to the data voltage, the control signal being of a phase
inverted to that of the second scanning signal; and

a fourth driving controlling transistor, a gate electrode of
which is configured to receive the first scanning signal, a
first electrode of which is configured to receive the first
level, and a second electrode of which is connected to the
first electrode of the driving transistor.

The first driving controlling transistor, the second driving
controlling transistor, the third driving controlling transistor
and the fourth driving controlling transistor are of a same
type.

During the implementation, the touch sensor includes a
photosensitive transistor, and the touch controlling unit is
configured to convert a photocurrent signal generated by the
photosensitive transistor into the touch sensing signal, and
transmit the touch sensing signal to the touch signal reading
line.

During the implementation, the touch controlling unit
includes:

a first touch controlling transistor, a gate electrode of
which is configured to receive the first scanning signal, a
first electrode of which is configured to receive the data
voltage, and a second electrode of which is connected to a
first electrode of the photosensitive transistor;

a second touch controlling transistor, a gate electrode of
which is configured to receive the second scanning signal, a
first electrode of which is connected to a second electrode of
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the photosensitive transistor, and a second electrode of
which is connected to the touch signal reading line; and

a second storage capacitor, a first electrode of which is
connected to a gate electrode of the photosensitive transistor,
and a second electrode of which is connected to the second
electrode of the photosensitive transistor.

The gate electrode of the photosensitive transistor is
connected to the first electrode of the photosensitive tran-
sistor. The second touch controlling transistor is of a type
identical to the first driving controlling transistor, and the
first touch controlling transistor is of a type identical to the
second driving controlling transistor.

In another aspect, the present disclosure provides in one
embodiment a method for driving the above-mentioned
pixel circuit, including:

a display driving step: within a time period, under the
control of a first scanning signal and a second scanning
signal, enabling, by a driving controlling unit, a first storage
capacitor to be charged or discharged through a first level, a
second level and a data voltage, so as to compensate for a
threshold voltage of a driving transistor with a gate-to-
source voltage of the driving transistor when an OLED is
driven by a driving transistor to emit light; and

a touching step: within the time period, under the control
of the first scanning signal and the second scanning signal,
sensing, by a touch controlling unit, whether or not a touch
is made through a touch sensor, and transmitting a corre-
sponding touch sensing signal to a touch signal reading line.

In yet another aspect, the present disclosure provides in
one embodiment a method for driving the above-mentioned
pixel circuit, including:

a display driving step

at a first stage of a time period, under the control of a first

scanning signal and a second scanning signal, control-
ling, by a driving controlling unit, a first end of a first
storage capacitor to be charged to a second level,
at a second stage of the time period, under the control of
the first scanning signal and the second scanning signal,
controlling, by the driving controlling unit, a potential
at a second end of the first storage capacitor to be a
resetting voltage Vp, and controlling the first storage
capacitor to be discharged, so as to decrease a potential
at the first end of the first storage capacitor to a
threshold voltage Vth of a driving transistor;
at a third stage of the time period, under the control of the
second scanning signal, controlling, by the driving
controlling unit, the first end of the first storage capaci-
tor to be floating, and controlling the potential at the
second end of the first storage capacitor to jump to
Vp+AVdata, so as to maintain the potential at the first
end of the first storage capacitor at Vth+AVdata,
AVdata being a variation of a data voltage; and

at a fourth stage of the time period, under the control of
the second scanning signal, controlling, by the driving
controlling unit, a second electrode of the driving
transistor to receive the second level, controlling the
driving transistor to drive an OLED to emit light, and
compensating for the threshold voltage of the driving
transistor with a gate-to-source voltage of the driving
transistor, and

a touching step:

at the first stage of the time period, under the control of

the first scanning signal and the second scanning signal,
writing, by a touch controlling unit, the resetting level
Vp into a touch signal reading line;

at the second stage of the time period, under the control

of the first scanning signal and the second scanning
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signal, resetting, by the touch controlling unit, a poten-
tial at a first electrode of a photosensitive transistor to
the resetting level Vp;

at the third stage of the time period, under the control of

the second scanning signal, controlling, by the touch
controlling unit, a second storage capacitor to be
charged with a photocurrent signal generated by the
photosensitive transistor as a charging current so as to
increase a potential at a second end of the second
storage capacitor; and

at the fourth stage of the time period, under the control of

the second scanning signal, converting, by the touch
controlling unit, the potential at the second end of the
second storage capacitor into a current signal, and
transmitting the current signal as a touch sensing signal
to the touch signal reading line.

In still yet another aspect, the present disclosure provides
in one embodiment an OLED display panel including the
above-mentioned pixel circuit.

In still yet another aspect, the present disclosure provides
in one embodiment a display device including the above-
mentioned OLED display panel.

As compared with the related art, it is able for the pixel
circuit, its driving methods, the OELD display panel and the
display device in the embodiments of the present disclosure
to eliminate an effect caused by the threshold voltage of the
driving transistor on the light-emitting driving signal,
thereby to improve the brightness evenness of the OLED
display panel as well as a display effect of the display device.
In addition, it is also able to achieve the touch control while
achieving the display driving, thereby to further achieve
integration of the display driving and the touch control in a
more effective manner.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing a pixel circuit
according to one embodiment of the present disclosure;

FIG. 2 is a circuit diagram of the pixel circuit according
to one embodiment of the present disclosure;

FIG. 3 is a sequence diagram of a first scanning signal
Scanl, a second scanning signal Scan2, a control signal EM
and a data voltage Vdata for the pixel circuit in FIG. 2;

FIGS. 4A, 4B, 4C and 4D are schematic views showing
the pixel circuit in FIG. 2 at a first stage, a second stage, a
third stage and a fourth stage, respectively;

FIG. 5 is a schematic view showing a situation where
capacitive touch control is achieved by the pixel circuit
according to one embodiment of the present disclosure;

FIG. 6 is another schematic view showing a situation
where the capacitive touch control is achieved by the pixel
circuit according to one embodiment of the present disclo-
sure;

FIG. 7 is another circuit diagram of the pixel circuit
according to one embodiment of the present disclosure;

FIG. 8A is yet another circuit diagram of the pixel circuit
according to one embodiment of the present disclosure;

FIG. 8B is a sequence diagram of the pixel circuit in FIG.
8A;

FIG. 9 is still yet another circuit diagram of the pixel
circuit according to one embodiment of the present disclo-
sure;

FIG. 10 is a sequence diagram of the first scanning signal
Scanl, the second scanning signal Scan2, the control signal
EM and the data voltage Vdata for the pixel circuit in FIG.
9;
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FIGS. 11A, 11B, 11C and 11D are schematic views
showing the pixel circuit in FIG. 9 at the first stage, the
second stage, the third stage and the fourth stage;

FIG. 12 is still yet another circuit diagram of the pixel
circuit according to one embodiment of the present disclo-
sure;

FIG. 13A is still vet another circuit diagram of the pixel
circuit according to one embodiment of the present disclo-
sure; and

FIG. 13B is a sequence diagram of the pixel circuit in
FIG. 13A.

DETAILED DESCRIPTION

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 conjunc-
tion with the drawings and embodiments in a clear and
complete manner. Obviously, the following embodiments
merely relate to a part of, rather than all of, the embodiments
of the present disclosure. Based on these embodiments, a
person skilled in the art may obtain the other embodiments
without any creative effort, which also fall within the scope
of the present disclosure.

As shown in FIG. 1, a pixel circuit in one embodiment of
the present disclosure includes a driving transistor DTFT, a
first storage capacitor C1 and an OLED. A gate electrode of
the driving transistor DTFT is connected to a first end of the
first storage capacitor C1, a first electrode thereof is con-
nected to an anode of the OLED, and a cathode of the OLED
is configured to receive a first level V1. The pixel circuit
further includes:

a driving controlling unit 11 connected to the first end
(end A) of the first storage capacitor C1, a second end (end
B) of the first storage capacitor C1, the first electrode of the
driving transistor DTFT and a second electrode of the
driving transistor DTFT, and configured to, under the control
of a first scanning signal Scan1 and a second scanning signal
Scan2, charge or discharge the first storage capacitor C1
through the first level V1, a second level V2 and a data
voltage Vdata, so as to compensate for a threshold voltage
of the driving transistor DTFT with a gate-to-source voltage
of the driving transistor DTFT when the OLED is driven by
the driving transistor DTFT to emit light; and

a touch controlling unit 12 connected to the second end of
the first storage capacitor C1 and a touch signal reading line
RL, and configured to, under the control of the first scanning
signal Scanl and the second scanning signal Scan2, sense by
a touch sensor (not shown) whether or not a touch is made
and transmit a corresponding touch sensing signal to the
touch signal reading line RL.

According to the pixel circuit in the embodiment of the
present disclosure, it is able to eliminate an effect caused by
the threshold voltage of the driving transistor on the light-
emitting driving signal, thereby to improve the brightness
evenness of the OLED display panel as well as a display
effect of the display device. In addition, it is also able to
achieve the touch control while achieving the display driv-
ing, thereby to further achieve integration of the display
driving and the touch control in a more effective manner.

In addition, the first scanning signal, the second scanning
signal and the data voltage are multiplexed by the driving
controlling unit 11 and the touch controlling unit 12 of the
pixel circuit, so it is able to achieve integration of a display
function and a touch function of the AMOLED in a more
effective manner through three signal lines.

10

15

20

25

40

45

60

65

6

To be specific, the driving controlling unit includes:

a first driving controlling transistor, a gate electrode of
which is configured to receive the second scanning signal, a
first electrode of which is connected to the second electrode
of the driving transistor, and a second electrode of which is
configured to receive the second level;

a second driving controlling transistor, a gate electrode of
which is configured to receive the first scanning signal, a
first electrode of which is connected to the first end of the
first storage capacitor, and a second electrode of which is
connected to the second electrode of the driving transistor;

a third driving controlling transistor, a gate electrode of
which is configured to receive a control signal, a first
electrode of which is connected to the second end of the first
storage capacitor, and a second electrode of which is con-
nected to the data voltage, the control signal being of a phase
inverted to that of the second scanning signal; and

a fourth driving controlling transistor, a gate electrode of
which is configured to receive the first scanning signal, a
first electrode of which is configured to receive the first
level, and a second electrode of which is connected to the
first electrode of the driving transistor.

The first driving controlling transistor is of a type iden-
tical to the third driving controlling transistor, and the
second driving controlling transistor is of a type identical to
the fourth driving controlling transistor.

Alternatively, the driving controlling unit includes:

a first driving controlling transistor, a gate electrode of
which is configured to receive the second scanning signal, a
first electrode of which is connected to the second electrode
of the driving transistor, and a second electrode of which is
configured to receive the second level,

a second driving controlling transistor, a gate electrode of
which is configured to receive the first scanning signal, a
first electrode of which is connected to the first end of the
first storage capacitor, and a second electrode of which is
connected to the second electrode of the driving transistor;

a third driving controlling transistor, a gate electrode of
which is connected to the second scanning signal, a first
electrode of which is connected to the second end of the first
storage capacitor, and a second electrode of which is con-
figured to receive the data voltage; and

a fourth driving controlling transistor, a gate electrode of
which is configured to receive the first scanning signal, a
first electrode of which is configured to receive the first
level, and a second electrode of which is connected to the
first electrode of the driving transistor.

The first driving controlling transistor is of a type different
from the third driving controlling transistor, and the second
driving controlling transistor is of a type identical to the
fourth driving controlling transistor.

To be specific, the pixel circuit in the embodiments of the
present disclosure may be applied to a capacitive in-cell
touch display panel. The touch sensor includes a touch
electrode, and the touch controlling unit is configured to
convert a potential of the touch electrode into the touch
sensing signal, and transmit the touch sensing signal to the
touch signal reading line.

To be specific, the touch controlling unit includes:

a second storage capacitor;

a first touch controlling transistor, a gate electrode of
which is configured to receive the first scanning signal, a
first electrode of which is connected to a touch electrode end
of the second storage capacitor, and a second electrode of
which is connected to the second end of the first storage
capacitor;
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a second touch controlling transistor, a gate electrode of
which is connected to the touch electrode end of the second
storage capacitor, and a first electrode of which is configured
to receive a third level; and

a third touch controlling transistor, a gate electrode of
which is configured to receive the second scanning signal, a
first electrode of which is connected to a second electrode of
the second touch controlling transistor, and a second elec-
trode of which is connected to the touch signal reading line.

The other end of the second storage capacitor is config-
ured to receive the third level. The third touch controlling
transistor is of a type identical to the first driving controlling
transistor, and the first touch controlling transistor is of a
type identical to the second driving controlling transistor.

The present disclosure further provides in one embodi-
ment a method for driving the above-mentioned pixel cir-
cuit, including:

a display driving step: within a time period, under the
control of a first scanning signal and a second scanning
signal, enabling, by a driving controlling unit, a first storage
capacitor to be charged or discharged through a first level, a
second level and a data voltage, so as to compensate for a
threshold voltage of a driving transistor with a gate-to-
source voltage of the driving transistor when an OLED is
driven by a driving transistor to emit light; and

a touching step: within the time period, under the control
of the first scanning signal and the second scanning signal,
sensing, by a touch controlling unit, whether or not a touch
is made through a touch sensor, and transmitting a corre-
sponding touch sensing signal to a touch signal reading line.

To be specific, the display driving step includes steps of:

at a first stage of the time period, under the control of the
first scanning signal and the second scanning signal, con-
trolling, by the driving controlling unit, a first end of the first
storage capacitor to be charged to the second level,

at a second stage of the time period, under the control of
the first scanning signal and the second scanning signal,
controlling, by the driving controlling unit, a potential at a
second end of the first storage capacitor to be a resetting
voltage Vp, and controlling the first storage capacitor to be
discharged, so as to decrease a potential at the first end of the
first storage capacitor to the threshold voltage Vth of the
driving transistor;

at a third stage of the time period, under the control of the
second scanning signal, controlling, by the driving control-
ling unit, the first end of the first storage capacitor to be
floating, controlling a potential at the second end of the first
storage capacitor to jump to Vp+AVdata, so as to maintain
the potential at the first end of the first storage capacitor at
Vth+AVdata, AVdata being a variation of the data voltage;
and

at a fourth stage of the time period, under the control of
the second scanning signal, controlling, by the driving
controlling unit, a second electrode of the driving transistor
to receive the second level, controlling the driving transistor
to drive the OLED to emit light, and compensating for the
threshold voltage of the driving transistor with the gate-to-
source voltage of the driving transistor.

As shown in FIG. 2, the cathode of the OLED is config-
ured to receive a first low level Vss. The driving controlling
unit includes:

a first driving controlling transistor T1, a gate electrode of
which is configured to receive the second scanning signal
Scan2, a first electrode of which is connected to the second
electrode of the driving transistor DTFT, and a second
electrode of which is configured to receive a high level Vdd,
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a second driving controlling transistor T2, a gate electrode
of which is configured to receive the first scanning signal
Scanl, a first electrode of which is connected to the first end
of the first storage capacitor C1, and a second electrode of
which is connected to the second end of the driving tran-
sistor DTFT;

a third driving controlling transistor T3, a gate electrode
of which is configured to receive a control signal EM, a first
electrode of which is connected to the second end of the first
storage capacitor C1, and a second electrode of which is
configured to receive the data voltage Vdata, the control
signal EM being of a phase inverted to that of the second
scanning signal Scan2; and

a fourth driving controlling transistor T4, a gate electrode
of which is configured to receive the first scanning signal
Scanl, a first electrode is configured to receive the first low
level Vss, and a second electrode of which is connected to
the first electrode of the driving transistor DTFT.

In the embodiment, DTFT, T1, T2, T3 and T4 are all
N-type thin film transistors (TFTs), and the pixel design
adopts a 5T1C-based compensating structure. As a result, it
is able to use the same process for manufacturing a metal-
oxide-semiconductor (MOS) field-effect transistor (FET),
and to improve the product yield.

The touch controlling unit includes:

a second storage capacitor C2;

a first touch controlling transistor M1, a gate electrode of
which is configured to receive the first scanning signal
Scanl, a first electrode of which is connected to a touch
electrode end D of the second storage capacitor C2, and a
second electrode of which is connected to the second end B
of the first storage capacitor C1;

a second touch controlling transistor M2, a gate electrode
of which is connected to the touch electrode end D of the
second storage capacitor C2, and a first electrode of which
is configured receive a second low level Vcom; and

a third touch controlling transistor M3, a gate electrode of
which is configured to receive the second scanning signal
Scan2, a first electrode of which is connected to a second
electrode of the second touch controlling transistor M2, and
a second electrode of which is connected to the touch signal
reading line RL.

The other end, i.e., end C, of the second storage capacitor
C2 is configured to receive the second low level Veom.

In the pixel circuit according to the embodiment of the
present disclosure, M1, M2 and M3 are all N-type TFTs. M1
is a signal-resetting TFT, M2 functions as to amplify the
current signal, M3 is a switching TFT, T1, T2, T3 and T4 are
switching TFTs, and DTFT is a driving TFT.

A coordinate of a position where a touch is made is
determined through a second scanning line outputting the
second scanning line Scan2 and the touch signal reading line
RL. In other words, an X-axis coordinate is determined
through the second scanning line, and a Y-axis coordinate is
determined through the touch signal reading line RL.

FIG. 3 is a sequence diagram of the first scanning signal
Scanl, the second scanning signal Scan2, the control signal
EM and the data voltage Vdata for the pixel circuit in FIG.
2.

During the operation of the pixel circuit in FIG. 2, at the
first stage of the time period, Scanl and Scan2 are both at a
high level, EM is at a low level, Vdata is at the resetting level
Vp, T1, T2 and T4 are turned on, and T3 is turned off. As
shown in FIG. 4A, the end A is charged to Vdd. M1 and M3
are turned on, the first electrode of M2 is configured to
receive the second low level Veom. At this time, a condition
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for turning on and amplifying the TFT is satisfied, and RL
receives an initial reference amplification signal.

At the second stage of the time period, Scanl and EM at
both at a high level, Scan2 is at a low level, Vdata is at the
resetting level Vp, T1 is turned off, and T2, T3 and T4 are
turned on. As shown in FIG. 4B, C1 starts to be discharged
until the potential at the end A reaches the threshold voltage
Vth of the DTFT, the end B is configured to receive Vdata,
and the potential at the end B is just the resetting level Vp.
At this time, M1 is turned on, M3 is turned off, and the
potential at the gate electrode of M2 is reset to Vp.

At the third stage of the time period, Scanl and Scan2 are
both at a low level, EM is at a high level, and Vdata jumps
to Vp+AVdata (a variation of the data voltage). At this time,
M1, M2 and M3 are turned off, and the touch controlling
unit is at a stagnation stage. T1, T2 and T4 are turned off. As
shown in FIG. 4C, T3 is turned on, the potential at the end
B jumps from Vp to Vp+AVdata. At this time, the end A is
in a floating state and a difference between a potential V , at
the end A and a potential V5 at the end B remains unchanged,
so the potential at the end A jumps to, and is maintained at,
Vth+AVdata.

At the fourth stage of the time period, Scanl and EM are
both at a low level, Scan2 is at a high level, and Vdata is at
a low level. As shown in FIG. 4D, in the driving controlling
unit, T1 is turned on, T2, T3 and T4 are turned off, and the
DTFT drives the OLED to emit light. At this time, merely T1
is turned on, so it is able to reduce the effect caused by the
other TFTs on the light emission of the OLED. At this time,
a current Iz, flowing through the OLED may be calcu-
lated by the equation:

Towsp = K(Ves — Vip)?
= K[AVdata + Vih — Voled - Vih]?

= K x (AVdata— Voled)?,

wherein Voled is a potential at the anode of the OLED, V
is a gate-to-source voltage of the DTFT, and K is a constant
related to a manufacturing process and a driver design of the
DTFT. As can be seen from the above equation, I, -, 1s not
affected by Vth any more. As a result, it is able to completely
prevent the threshold voltage drift of the DTFT due to the
manufacturing process and a long-term operation, and to
eliminate an effect caused by the threshold voltage Vth of
the DTFT on 1, -, thereby to ensure a normal operation of
the OLED.

In the touch controlling unit, M3 is turned on, and as
shown in FIG. 5, the end of C2 other than the touch electrode
end D is marked as end C. When an object (e.g., a finger or
stylus) touches the touch electrode end D of C2, a coupling
capacitance Cf may be generated between the object and the
touch electrode end D, as shown in FIG. 6. At this time, the
potential at the touch electrode D of C2 is decreased, but the
gate-to-source voltage of M2 may still satisfy a condition for
turning on the MOS transistor (which is closely related to a
size of the touch electrode and the manufacturing process of
M2), i.e., Vdata-V{>Vth2 (a threshold voltage of M2). M2
is turned on, so a touch sensing current flows through M3
and is finally received by RL. The touch sensing current
received by RL is slightly smaller than the touch sensing
current generated when no touch is made.

When the touch sensing current from RL is collected by
a processor, the processor may determine, based on RL, a
longitudinal (Y-axis) coordinate of the position where a
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touch is made, and determine, based on the second scanning
line, a horizontal (X-axis) coordinate of the position, thereby
to determine information about the position where the touch
is made on a touch screen.

In this embodiment, the driving controlling unit adopts a
novel circuit compensation mode where Vdata jump occurs,
so as to prevent the occurrence of uneven threshold voltage
Vth of the driving transistor due to the manufacturing
process and the long-term operation, and to prevent the
current flowing through the OLED of each pixel point from
being adversely affected by the threshold voltage Vth. As a
result, it is able to ensure the image display evenness and
ensure that the current flows through the OLED merely at a
light-emitting stage, thereby to indirectly improve a service
life of the OLED.

During the implementation the capacitive touch control-
ling units are periodically arranged at an active display
region, and touch electrodes are provided so as to sense
whether or not a touch is made. To be specific, a current
signal is generated as a touch sensing signal in accordance
with a change in the potential of the touch electrode due to
a coupling capacitance between the object and the touch
electrode, so as to determine whether or not a touch is made.
Then, the signal is collected by the terminal so as to
determine the coordinate of the position where the touch is
made.

The present disclosure provides in one embodiment a
method for driving the pixel circuit in FIG. 2, including:

a display driving step:

at a first stage of a time period, under the control of a first

scanning signal and a second scanning signal, control-
ling, by the driving controlling unit, a first end of the
first storage capacitor to be charged to a second level;
at a second stage of the time period, under the control of
the first scanning level and the second scanning level,
controlling, by the driving controlling unit, a potential
at a second end of the first storage capacitor to be a
resetting voltage Vp, and controlling the first storage
capacitor to be discharged, so as to decrease a potential
at the first end of the first storage capacitor to a
threshold voltage Vth of the driving transistor;
at a third stage of the time period, under the control of the
second scanning signal, driving, by the driving con-
trolling unit, the first end of the first storage capacitor
to be floating, and controlling the potential at the
second end of the first storage capacitor to jump to
Vp+AVdata, so as to maintain the potential at the first
end of the first storage capacitor at Vth+AVdata,
AVdata being a variation of a data voltage; and

at a fourth stage of the time period, under the control of
the second scanning signal, controlling, by the driving
controlling unit, a second electrode of the driving
transistor to receive the second level, controlling the
driving transistor to drive the OLED to emit light, and
compensating for the threshold voltage of the driving
transistor with a gate-to-source voltage of the driving
transistor, and
a touching step:
at the second stage of the time period, resetting, by the
touch controlling unit, a potential at a touch electrode
end of a second storage capacitor to the resetting level
Vp; and

at the fourth stage of the time period, converting, by the
touch controlling unit, the potential at the touch elec-
trode end of the second storage capacitor into a current
signal, and transmitting the current signal as a touch
sensing signal to a touch signal reading line.
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During the actual operation, in an alternative embodi-
ment, T3 in FIG. 2 may be a P-type TFT as shown in FIG.
7, and at this time, the gate electrode of T3 is configured to
receive the second scanning signhal Scan2.

In an alternative embodiment, T3 may also be an N-type
TFT, and T1 and M3 may be P-type TFTs, as shown in FIG.
8A. At this time, the gate electrode of T3 is configured to
receive the second scanning signal Scan 2 of a phase
inverted to that of the original one (as shown in FIG. §B).

To be specific, the pixel circuit in the embodiments of the
present disclosure may be applied to a photosensitive, in-cell
touch display panel, and the touch sensor includes a photo-
sensitive transistor. The touch controlling unit is configured
to convert a photocurrent signal generated by the photosen-
sitive transistor into the touch sensing signal, and transmit
the touch sensing signal to the touch signal reading line.

To be specific, the touch controlling unit includes:

a first touch controlling transistor, a gate electrode of
which is configured to receive the first scanning signal, a
first electrode of which is configured to receive the data
voltage, and a second electrode of which is connected to a
first electrode of the photosensitive transistor;

a second touch controlling transistor, a gate electrode of
which is configured to receive the second scanning signal, a
first electrode of which is connected to a second electrode of
the photosensitive transistor, and a second electrode of
which is connected to the touch signal reading line; and

a second storage capacitor, a first electrode of which is
connected to a gate electrode of the photosensitive transistor,
and a second electrode of which is connected to the second
electrode of the photosensitive transistor.

The gate electrode of the photosensitive transistor is
connected to the first electrode of the photosensitive tran-
sistor. The second touch controlling transistor is of a type
identical to the first driving controlling transistor, and the
first touch controlling transistor is of a type identical to the
second driving controlling transistor.

As shown in FIG. 9, in an alternative embodiment, the
cathode of the OELD is configured to receive the first low
level Vss. The driving controlling unit includes:

a first driving controlling transistor T1, a gate electrode of
which is configured to receive the second scanning signal
Scan2, a first electrode of which is connected to the second
electrode of the driving transistor DTFT, and a second
electrode of which is configured to receive the high level
vdd;

a second driving controlling transistor T2, a gate electrode
of which is configured to receive the first scanning signal
Scanl, a first electrode of which is connected to the first end
A of the first storage capacitor C1, and a second electrode of
which is connected to the second electrode of the driving
transistor DTFT;

a third driving controlling transistor T3, a gate electrode
of which is configured to receive the control signal EM, a
first electrode of which is connected to the second end B of
the first storage capacitor C1, and a second electrode of
which is configured to receive the voltage data Vdata, the
control signal EM being of a phase inverted to that of the
second scanning signal Scan2; and

a fourth driving controlling transistor T4, a gate electrode
of which is configured to receive the first scanning signal
Scanl, a first electrode of which is configured to receive the
first low level Vss, and a second electrode of which is
connected to the first electrode of the driving transistor
DTFT.

In this embodiment, DTFT, T1, T2, T3 and T4 are all
N-type TFTs, and the pixel design adopts a ST1C-based
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compensating structure. As a result, it is able to use the same
process for manufacturing an MOS FET, and to improve the
product yield.

The touch controlling unit includes:

a photosensitive transistor M2;

a first touch controlling transistor M1, a gate electrode of
which is configured to receive the first scanning signal
Scanl, a first electrode of which is configured to receive the
data voltage Vdata, and a second electrode of which is
connected to the first electrode of the photosensitive tran-
sistor M2;

a second touch controlling transistor M3, a gate electrode
of which is configured to receive the second scanning signal
Scan2, a first electrode of which is connected to a second
electrode of the photosensitive transistor M2, and a second
electrode of which is connected to the touch signal reading
line RL; and

a second storage capacitor C2, a first end of which is
connected to a gate electrode of the photosensitive transistor
M2, and a second end of which is connected to the second
electrode of the photosensitive transistor M2.

The gate electrode of the photosensitive transistor M2 is
connected to the first electrode of the photosensitive tran-
sistor M2.

In the pixel circuit of this embodiment, M1, M2 and M3
are all N-type TFTs, and M2 is a photosensitive TFT. A
photocurrent is generated when the photosensitive TFT is
irradiated by light, and different light intensities lead to the
photocurrents in different intensities. M1 and M3 are switch-
ing TFTs, C2 is used to store the photocurrent generated by
M2. T1, T2, T3 and T4 are switching TFTs, and DTFT is a
driving TFT.

A coordinate of a position where a touch is made is
determined through a second scanning line outputting the
second scanning line Scan2 and the touch signal reading line
RL. In other words, an X-axis coordinate is determined
through the second scanning line, and a Y-axis coordinate is
determined through the touch signal reading line RL.

In this embodiment, the first scanning signal, the second
scanning signal and the data voltage are multiplexed by the
driving controlling unit and the touch controlling unit of the
pixel circuit, so it is able to achieve integration of a display
fanction and a touch function of the AMOLED in a more
effective manner through three signal lines.

In this embodiment, the driving controlling unit adopts a
novel circuit compensation mode where Vdata jump occurs,
so as to prevent the occurrence of uneven threshold voltage
Vth of the driving transistor due to the manufacturing
process and the long-term operation, and to prevent the
current flowing through the OLED of each pixel point from
being adversely affected by the threshold voltage Vth. As a
result, it is able to ensure the image display evenness and
ensure that the current flows through the OLED merely at a
light-emitting stage, thereby to indirectly improve a service
life of the OLED.

FIG. 10 is a sequence diagram of the first scanning signal
Scanl, the second scanning signal Scan2, the control signal
EM and the data voltage Vdata for the pixel circuit in FIG.
9.

During the operation of the pixel circuit in FIG. 9, at the
first stage of the time period, Scanl and Scan2 are both at a
high level, EM is at a low level, and Vdata is at the resetting
level Vp. As shown in FIG. 11A, T1, T2 and T4 are turned
on, and T3 is turned off, so as to charge the end A to be Vdd.
M1, M2 and M3 are turned on, and RL receives an initial
reference amplification signal.
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At the second stage of the time period, Scanl and EM are
both at a high level, Scan2 is at a low level, and Vdata is at
the resetting level Vp. As shown in FIG. 11B, T1 is turned
off, T2, T3 and T4 are turned on, C1 starts to be discharged
until the potential at the end A reaches the threshold voltage
Vth of the DTFT, the end B is configured to receive Vdata,
and the potential at the end B is just the resetting level Vp.
At this time, M1 and M2 are turned on, M3 is turned off, and
the potential at the gate electrode and the first electrode of
M2 is reset to Vp.

At the third stage of the time period, Scanl and Scan2 are
both at a low level, EM is at a high level, and Vdata jumps
to Vp+AVdata (a variation of the data voltage). As shown in
FIG. 11C, T1, T2 and T4 are turned off, T3 is turned on, the
potential at the end B jumps from Vp to Vp+AVdata. At this
time, the end A is in a floating state and a difference between
a potential V, at the end A and a potential V; at the end B
remains unchanged, so the potential at the end A jumps to,
and is maintained at, Vth+AVdata. At this time, M1 and M3
are turned off, M2 (a photosensitive transistor) is turned on,
and C2 stores the photocurrent generated by M2. The
photocurrent generated when no touch is made is larger than
that generated when a touch is made.

At the fourth stage of the time period, Scanl and EM are
at a low level, Scan?2 is at a high level, and Vdata is at a low
level. As shown in FIG. 11D, T1 is turned on, DTFT drives
the OLED to emit light, and T2, T3 and T4 are turned off.
At this time, merely T1 is turned on, so it is able to reduce
an effect caused by the other TFTs on the OLED. At this
time, a current I, -, flowing through the OLED may be
calculated by the equation:

Torep = K(Ves — Vi)?
= K[AVdata + Vth— Voled — Vih]?

= K- (AVdata— Voled)*,

wherein Voled is a potential at the anode of the OLED,
V 55 18 a gate-to-source voltage of the DTFT. As can be seen
from the above equation, 1, -, is not affected by Vth any
more. As a result, it is able to completely prevent the
threshold voltage drift of the DTFT due to the manufacturing
process and a long-term operation, and to eliminate an effect
caused by the threshold voltage Vth of the DTFT on 1., -p,
thereby to ensure a normal operation of the OLED.

Due to the illumination at the previous stage, a photocur-
rent signal generated by M2 for charging C2 changes. At this
time, the photocurrent signal is transmitted to an amplifier at
an end of RL, and then the amplified photocurrent signal is
transmitted to a processor for calculation and analysis. When
a touch is made during this period, a difference between the
intensities of the photocurrent signal before and after the
touch is compared with a threshold obtained when no touch
is made, so as to determine whether or not a touch is made.
It is able to determine, based on RL, a longitudinal (Y-axis)
coordinate of the position where a touch is made, and
determine, based on the second scanning line, a horizontal
(X-axis) coordinate of the position, thereby to determine
information about the position where the touch is made on
a touch screen.

During the actual operation, in an alternative embodi-
ment, T3 in FIG. 9 may be a P-type TFT, as shown in FIG.
12. At this time, the gate electrode of T3 is configured to
receive the second scanning signal Scan2.
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In an alternative embodiment, T3 may also be an N-type
TFT, and T1 and M3 may be P-type TFTs, as shown in FIG.
13A. At this time, the gate electrode of T3 is configured to
receive the second scanning signal Scan2 of a phase inverted
to that of the original one (as shown in FIG. 13B).

During the implementation, the photosensitive touch con-
trolling units are periodically arranged at an active display
region, and photosensitive transistors are designed to sense
outsides photo signals. According to the change of light
intensity sensed by the photosensitive transistor, a difference
between the intensities of the photo current signals before
and after the touch is compared with an original one so as to
determine whether a touch is made. Then, the signal is
collected by the terminal so as to determine the coordinate
of the position where the touch is made. In addition, a
module manufactured using the photosensitive touch prin-
ciple is not constrained by a size of a display device, so it has
been widely used in a large-scale display device.

The present disclosure provides in one embodiment a
method for driving the pixel circuit in FIG. 9, including:

a display driving step:

at a first stage of a time period, under the control of a first

scanning signal and a second scanning signal, control-
ling, by the driving controlling unit, a first end of the
first storage capacitor to be charged to a second level;
at a second stage of the time period, under the control of
the first scanning signal and the second scanning signal,
controlling, by the driving controlling unit, a potential
at a second end of the first storage capacitor to be a
resetting voltage Vp, and controlling the first storage
capacitor to be discharged, so as to decrease a potential
at the first end of the first storage capacitor to a
threshold voltage Vth of the driving transistor;
at a third stage of the time period, under the control of the
second scanning signal, controlling, by the driving
controlling unit, the first end of the first storage capaci-
tor to be floating, and controlling the potential at the
second end of the first storage capacitor to jump to
Vp+AVdata, so as to maintain the potential at the first
end of the first storage capacitor at Vth+AVdata,
AVdata being a variation of a data voltage; and

at a fourth stage of the time period, under the control of
the second scanning signal, controlling, by the driving
controlling unit, a second electrode of the driving
transistor to receive the second level, controlling the
driving transistor to drive an OLED to emit light, and
compensating for the threshold voltage of the driving
transistor with a gate-to-source voltage of the driving
transistor, and
a touching step:
at the first stage of the time period, under the control of
the first scanning signal and the second scanning signal,
writing, by the touch controlling unit, the resetting level
Vp into a touch signal reading line;

at the second stage of the time period, under the control
of the first scanning signal and the second scanning
signal, resetting, by the touch controlling unit, a poten-
tial at a first electrode of the photosensitive transistor to
the resetting level Vp;

at the third stage of the time period, under the control of

the second scanning signal, controlling, by the touch
controlling unit, a second storage capacitor to be
charged with a photocurrent signal generated by the
photosensitive transistor as a charging current; and

at the fourth stage of the time period, under the control of

the second scanning signal, converting, by the touch
controlling unit, a potential at a second end of the
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second storage capacitor into a current signal, and
transmitting the current signal as a touch sensing signal
to the touch signal reading line.

The present disclosure further provides in one embodi-
ment an OLED display panel including the above-mentioned
pixel circuit.

The present disclosure further provides in one embodi-
ment a display device including the above-mentioned OLED
display panel. Alternatively, the display device may be an
AMOLED display device. As a next-generation display
technology, it is unnecessary for the AMOLED display
technology to use liquid crystals as a medium for grayscale
display, so there exists no such problem that the display is
adversely affected by the touch.

The pixel circuit, the OLED display panel and the display
device in the embodiments of the present disclosure may
adopt a low-temperature polysilicon (LTPS) process, and
due to such a design with multiple TCs (multiple transistors
and capacitors), an aperture ratio of the module will not be
adversely affected.

Alternatively, the pixel circuit, the OLED display panel
and the display device in the embodiments of the present
disclosure may also adopt an a-Si process.

It should be appreciated that, the pixel circuit in the
embodiments of the present disclosure may be applicable to
the thin film transistors manufactured by a-Si, poly-Si or
oxide. The types of the transistors used in the pixel circuit
may be determined in accordance with the practical need. In
addition, although the description is given hereinabove by
taking the AMOLED display device as an example, the
present disclosure is not limited thereto, and it may also be
applicable to other LED display devices.

The above are merely the preferred embodiments of the
present disclosure. It should be appreciated that, a person
skilled in the art may make further modifications and
improvements without departing from the principle of the
present disclosure, and these modifications and improve-
ments shall also fall within the scope of the present disclo-
sure.

What is claimed is:

1. A pixel circuit comprising:

a driving transistor;

a first storage capacitor;

an organic light-emitting diode (OLED),

wherein a gate electrode of the driving transistor is
connected to a first end of the first storage capacitor,

wherein a first electrode of the driving transistor is
connected to an anode of the OLED, and

wherein a cathode of the OLED is configured to receive
a first voltage;

a driving controlling circuit connected to the first end of
the first storage capacitor, a second end of the first
storage capacitor, the first electrode of the driving
transistor and a second electrode of the driving tran-
sistor, wherein the driving controlling circuit is config-
ured to, based on a first scanning signal and a second
scanning signal, charge or discharge the first storage
capacitor based on the first voltage, a second voltage
and a data voltage to compensate for a threshold
voltage of the driving transistor with a gate-to-source
voltage of the driving transistor when the OLED is
driven by the driving transistor to emit light; and

a touch controlling circuit directly connected to the data
voltage and a touch signal reading line, wherein the
touch controlling circuit includes a touch sensor and is
configured to, based on the first scanning signal and the
second scanning signal, sense via the touch sensor
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whether or not a touch has been detected by the touch
sensor and transmit a corresponding touch sensing
signal to the touch signal reading line.
2. The pixel circuit according to claim 1, wherein the
driving controlling circuit comprises:
a first driving controlling transistor comprising
a gate electrode configured to receive the second scan-
ning signal,
a first electrode connected to the second electrode of
the driving transistor, and
a second electrode configured to receive the second
voltage;
a second driving controlling transistor comprising
a gate electrode configured to receive the first scanning
signal,
a first electrode connected to the first end of the first
storage capacitor, and
a second electrode connected to the second electrode of
the driving transistor;
a third driving controlling transistor comprising
a gate electrode configured to receive a control signal,
a first electrode connected to the second end of the first
storage capacitor, and
a second electrode connected to the data voltage, the
control signal being of a phase inverted to that of the
second scanning signal; and
a fourth driving controlling transistor comprising
a gate electrode configured to receive the first scanning
signal,
a first electrode configured to receive the first voltage,
and
a second electrode connected to the first electrode of
the driving transistor,
wherein the first driving controlling transistor, the second
driving controlling transistor, the third driving control-
ling transistor and the fourth driving controlling tran-
sistor are of a same type.
3. The pixel circuit according to claim 1, wherein:
the touch sensor comprises a photosensitive transistor;
and
the touch controlling circuit is configured to convert a
photocurrent signal generated by the photosensitive
transistor into the touch sensing signal and transmit the
touch sensing signal to the touch signal reading line.
4. The pixel circuit according to claim 3, wherein the
touch controlling circuit comprises:
a first touch controlling transistor comprising
a gate electrode configured to receive the first scanning
signal,
a first electrode configured to receive the data voltage,
and
a second electrode connected to a first electrode of the
photosensitive transistor;
a second touch controlling transistor coniprising
a gate electrode configured to receive the second scan-
ning signal,
a first electrode connected to a second electrode of the
photosensitive transistor, and
a second electrode connected to the touch signal read-
ing line; and
a second storage capacitor comprising
a first electrode of which is connected to a gate elec-
trode of the photosensitive transistor, and
a second electrode of which is connected to the second
electrode of the photosensitive transistor,
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wherein

the gate electrode of the photosensitive transistor is con-
nected to the first electrode of the photosensitive tran-
sistor,

the second touch controlling transistor is of a type iden-
tical to the first driving controlling transistor, and

the first touch controlling transistor is of a type identical
to the second driving controlling transistor.

5. A method for driving the pixel circuit of claim 4, the

method comprising:

a display driving operation comprising

at a first stage of a time period and based on the first
scanning signal and the second scanning signal, con-
trolling, via the driving controlling circuit, charging of
the first end of the first storage capacitor to the second
voltage,

at a second stage of the time period and based on the first
scanning signal and the second scanning signal,

controlling, via the driving controlling circuit, a potential
at the second end of the first storage capacitor to be a
resetting voltage Vp, and

controlling discharging of the first storage capacitor to
decrease a potential at the first end of the first storage
capacitor to a threshold voltage Vth of a driving tran-
sistor,

at a third stage of the time period and based on the second
scanning signal,

controlling, via the driving controlling circuit, whether the
first end of the first storage capacitor is floating, and

controlling the potential at the second end of the first
storage capacitor to jump to Vp+AVdata to maintain
the potential at the first end of the first storage capacitor
at Vth+AVdata, where AVdata being a variation of a
data voltage, and

at a fourth stage of the time period and based on the
second scanning signal,

controlling, via the driving controlling circuit, whether the
second electrode of the driving transistor receives the
second voltage,

controlling the driving transistor to drive the OLED to
emit light, and

compensating for the threshold voltage of the driving
transistor with a gate-to-source voltage of the driving
transistor; and

a touching operation comprising

at the first stage of the time period and based on the first
scanning signal and the second scanning signal, pro-
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viding, via the touch controlling circuit, the resetting
level Vp to the touch signal reading line,

at the second stage of the time period and based on the
first scanning signal and the second scanning signal,
resetting, via the touch controlling circuit, a potential at
the first electrode of the photosensitive transistor to the
resetting level Vp,

at the third stage of the time period and based on the
second scanning signal, controlling, via the touch con-
trolling circuit, charging of the second storage capaci-
tor with a charging current of the photocurrent signal
generated by the photosensitive transistor to increase a
potential at a second end of the second storage capaci-
tor, and

at the fourth stage of the time period and based on the
second scanning signal,

converting, via the touch controlling circuit, the potential
at the second end of the second storage capacitor to a
current signal, and

transmitting the current signal as the touch sensing signal
to the touch signal reading line.

6. An organic light-emitting diode (OLED) display panel

comprising the pixel circuit according to claim 1.

7. A display device comprising the OLED display panel

according to claim 6.

8. A method for driving the pixel circuit of claim 1, the

method comprising:

performing a display driving operation within a time
period based on the first scanning signal and the second
scanning signal, wherein the display driving operation
includes enabling, via the driving controlling circuit,
the first storage capacitor to be charged or discharged
based on the first voltage, the second voltage and the
data voltage to compensate for the threshold voltage of
the driving transistor with a gate-to-source voltage of
the driving transistor when the OLED is driven by the
driving transistor to emit light; and

performing a touching operation within the time period
based on the first scanning signal and the second
scanning signal, wherein the touching operation
includes sensing, via the touch controlling circuit,
whether or not a touch has been detected by the touch
sensor and transmitting the touch sensing signal to the
touch signal reading line.
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