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(7) ABSTRACT

The disclosure provides a pixel circuit including a reset
module, a data write module, a storage module, a compen-
sation and hold module, a drive module, and a light emitting
device. The reset module is connected to the storage module
and the light emitting device. The data write module is
connected to the drive module. The compensation and hold
module is connected to the drive module and the storage
module. The storage module is connected to the drive
module. The drive module is connected to the light emitting
device.
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OLED PIXEL CIRCUIT AND DRIVING
METHOD FOR IMPROVING LIGHT
EMITTING EFFICIENCY

[0001] This application is a National Stage entry of PCT/
CN2016/088534 filed Jul. 5, 2016, which claims the benefit
and priority of Chinese Patent Application No.
201610051753 .4, filed on Jan. 26, 2016, both of which are
incorporated by reference herein in their entirety as part of
the present application.

BACKGROUND

[0002] The present disclosure relates to the field of display
technology, and particularly, to a pixel circuit and a driving
method thereof, a display panel, and a display device.
[0003] Currently a typical quantum dot light emitting
diode (QLED) structure includes an electron transport layer,
ahole transport layer, and a quantum dot light emitting layer.
The hole transport layer and the electron transport layer may
include organic small molecules, organic polymer, or inor-
ganic metal oxides. The arrangement of the hole transport
layer and the electron transport layer enables the light
emitting efficiency of the quantum dot light emitting diode
to rise from the initial less than 0.1% to about 10%, but the
mismatch of the highest occupied molecular orbital
(HOMO) energy levels between the hole transport layer and
the quantum dot light emitting layer cause the quantum dots
charge injection efficiency to remain low. Further, the quan-
tum dots charge injection is unbalanced and the quantum
dots represent non-electric-neutral. Compared with conven-
tional organic electroluminescent light emitting diodes
(OLED:s), the drawback of charge injection imbalance of
quantum dot electroluminescent light emitting diodes
(QLEDs) limits their light emitting lifetime and efficiency.
[0004] In the prior art, the problem is mainly improved in
the following three ways. The first way is to increase the
HOMO energy level of the hole transport layer to match the
HOMO energy level of the quantum dot light emitting
material as closely as possible. The second way is to increase
the mobility rate and injection efliciency of holes by pro-
viding a hole enhancing layer. The third way is to slow down
the injection rate of electrons by providing an electronic
barrier layer, improving the recombination efliciency of
electrons and holes. With regards to the first way, it is
difficult to synthesize or find a material necessary for con-
stituting the hole transport layer. With regards to the second
way, it is necessary to provide a multilayer hole transport
layer, which increases the difficulty of the process. With
regards to the third way, excited photons cannot be
increased. Thus, it is difficult to improve the light emitting
efficiency.

BRIEF DESCRIPTION

[0005] Embodiments of the present disclosure provide a
pixel circuit, a driving method thereof, a display panel, and
a display device for improving the light emitting efficiency
of a light emitting device.

[0006] According to a first aspect, the present disclosure
provides a pixel circuit including a reset module, a data write
module, a storage module, a compensation and hold module,
a drive module, and a light emitting device. The reset
module is connected to the storage module and the light
emitting device. The data write module is connected to the
drive module. The compensation and hold module is con-
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nected to the drive module and the storage module. The
storage module is connected to the drive module and is
configured to store the control voltage. The drive module is
connected to the light emitting device.

[0007] Insome embodiments of the present disclosure, the
reset module is configured to reset the storage module and
the light emitting device. The data write module is config-
ured to provide a data current. The compensation and hold
module is configured to generate a control voltage for the
drive module, wherein the control voltage is a function of
data current. Also, the compensation and hold module is
further configured to hold the control voltage. The storage
module is configured to store the control voltage. The drive
module is configured to generate a drive current according
to the control voltage. The light emitting device is config-
ured to emit light under the drive current.

[0008] Insome embodiments of the present disclosure, the
compensation and hold module includes a third transistor,
wherein a control electrode of the third transistor is con-
nected to a second voltage line, wherein a first electrode of
the third transistor is connected to a first voltage line, and
wherein a second electrode of the third transistor is con-
nected to the drive module and the storage module.

[0009] Insome embodiments of the present disclosure, the
reset module includes a fourth transistor, wherein a control
electrode of the fourth transistor is connected to the second
voltage line, wherein a first electrode of the fourth transistor
is connected to the storage module and the light emitting
device, and wherein a second electrode of the fourth tran-
sistor is connected to a third voltage line.

[0010] Insome embodiments of the present disclosure, the
drive module includes a second transistor, wherein a first
electrode of the second transistor is connected to the first
voltage line, and wherein the storage module is connected
between the control electrode and the second electrode of
the second transistor.

[0011] In some embodiments of the present disclosure, the
data write module includes a first transistor, wherein a
control electrode of the first transistor is connected to the
second voltage line, wherein a first electrode of the first
transistor is connected to the drive module, and wherein a
second electrode of the first transistor is connected to a data
current line.

[0012] Insome embodiments of the present disclosure, the
storage module includes a capacitor, and the drive module is
connected between the first and second ends of the capacitor.

[0013] Insome embodiments of the present disclosure, the
transistors are N-type MOS transistors.

[0014] Insome embodiments of the present disclosure, the
transistors are P-type MOS transistors.

[0015] According to a second aspect, the present disclo-
sure provides a method for driving the above-described pixel
circuit, including a first stage and a second stage. In the first
stage, a data current is provided by the data write module,
and the drive module, the data write module, the compen-
sation and hold module, and the reset module are turned on,
such that the compensation and hold module generates the
control voltage, and such that the storage module stores the
control voltage, which is a function of data current. In the
second stage, the drive module is turned on, and the data
write module, the compensation and hold module, and the
reset module are turned off, such that the drive module
generates the drive current according to the control voltage
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stored in the storage module, and such that the light emitting
device emits light under the drive current.

[0016] According to a third aspect, the present disclosure
provides a display panel including the above-described pixel
circuit.

[0017] According to a fourth aspect, the present disclosure
provides a display device including the above-described
display panel.

[0018] The pixel circuit and the driving method thereof,
the display panel, and the display device according to the
embodiments of the present disclosure enable the drive
module to provide a drive current equal to a data current
when driving the light emitting device, increasing the driv-
ing current without increasing the power consumption of the
light emitting device. The increase of the drive current
increases the charge injected into the light emitting device,
improves the light emitting efficiency, and overcomes the
drawback in the conventional voltage compensation circuit
that it is necessary to increase the power consumption of the
light emitting device in order to increase the drive current
flowing into the light emitting diode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In order to more clearly illustrate the technical
solution in the embodiments of the present disclosure, the
drawings in the embodiments will be briefly described
below. It should be understood that the drawings described
below relate only to some embodiments of the present
disclosure, instead of limiting the present disclosure, in
which:

[0020] FIG. 1 is a block diagram of a pixel circuit 1
according to a first embodiment of the present disclosure;
[0021] FIG. 2 is a diagram illustrating a method for
driving the pixel circuit 1 according to a second embodiment
of the present disclosure;

[0022] FIG. 3 is a schematic circuit diagram of the pixel
circuit 1 of the embodiment shown in FIG. 1; and

[0023] FIG. 4 is a signal timing chart of the pixel circuit
1 shown in FIG. 3.

DETAILED DESCRIPTION

[0024] In order that the technical solutions and advantages
of the embodiments of the present disclosure will become
more apparent, the technical solutions of the embodiments
of the present disclosure will be clearly and completely
described below with reference to the accompanying draw-
ings. Obviously, the described embodiments are a part of the
embodiments of the present disclosure, but not all embodi-
ments. Based on the described embodiments of the present
disclosure, all other embodiments obtained by those skilled
in the art without the need for creative work fall within the
scope of the present disclosure.

[0025] FIG. 1 is a block diagram of a pixel circuit 1
according to a first embodiment of the present disclosure. As
shown in FIG. 1, the pixel circuit 1 includes a reset module
2, adata write module 3, a storage module 4, a compensation
and hold module 5, a drive module 6, and a light emitting
device Di. The reset module 2 is connected to the storage
module 4 and the light emitting device Di. The data write
module 3 is connected to the drive module 6. The compen-
sation and hold module 5 is connected to the drive module
6 and the storage module 4. The storage module 4 is
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connected to the drive module 6. The drive module 6 is
connected to the light emitting device Di.

[0026] The reset module 2 is configured to reset the
storage module 4 and the light emitting device Di. The data
write module 3 is configured to provide a data current. The
compensation and hold module 5 is configured to generate
a control voltage for the drive module, wherein the control
voltage is a function of data current. The compensation and
hold module 5 is further configured to hold the control
voltage. The storage module 4 is configured to store the
control voltage. The drive module 6 is configured to gen-
erate a drive current according to the control voltage. The
light emitting device Di is configured to emit light under the
drive current.

[0027] FIG. 2 is a diagram illustrating a method for
driving the pixel circuit 1 according to a second embodiment
of the present disclosure. As shown in FIG. 2, the second
embodiment of the present disclosure provides a method for
driving the above pixel circuit 1, including a first stage and
a second stage. In the first stage, a data current is provided
by the data write module 3. The drive module 6, the data
write module 3, the compensation and hold module 5, and
the reset module 2 are turned on, such that the compensation
and hold module 5 generates the control voltage, and the
storage module 4 stores the control voltage, which is a
function of data current. In the second stage, the drive
module 6 is turned on, and the data write module 3, the
compensation and hold module 5, and the reset module 2 are
turned off, such that the drive module 6 generates the drive
current according to the control voltage stored in the storage
module 4, and the light emitting device Di emits light under
the drive current.

[0028] According to an embodiment of the present disclo-
sure, there is provided a pixel circuit 1 capable of current
compensation driving. In the pixel circuit 1, when a data
current is written to the pixel circuit 1 by the data write
module 3, the storage module 4 stores the control voltage.
The control voltage is related to the data current under the
action of the compensation and hold module 5, and may
cause the drive module 6 to generate a drive current equal to
the data current. Therefore, the drive module 6 can provide
a drive current equal to the data current when driving the
light emitting device Di, based on the voltage stored in the
storage module 4. According to the embodiment of the
present disclosure, the drive current is increased without
increasing the power consumption of the light emitting
device Di, wherein the light emitting efliciency is improved,
thereby the drawback in the conventional voltage compen-
sation circuit that it is necessary to increase the power
consumption of the light emitting device Di in order to
increase the drive current flowing into the light emitting
diode is overcame.

[0029] FIG. 3 is a schematic circuit diagram of the pixel
circuit 1 of the embodiment shown in FIG. 1. As shown in
FIG. 3, the data write module 3 includes a first transistor, a
control electrode of the first transistor is connected to the
second voltage line, a first electrode of the first transistor is
connected to the drive module 6, and a second electrode of
the first transistor is connected to a data current line. The
drive module 6 includes a second transistor, a first electrode
of the second transistor is connected to the first voltage line,
and the storage module 4 is connected between the control
electrode and the second electrode of the second transistor.
The compensation and hold module 5 includes a third
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transistor, a control electrode of the third transistor is con-
nected to the second voltage line, a first electrode of the third
transistor is connected to the first voltage line, and a second
electrode of the third transistor is connected to the drive
module 6. The reset module 2 includes a fourth transistor, a
control electrode of the fourth transistor is connected to the
second voltage line, a first electrode of the fourth transistor
is connected to the storage module 4 and the drive module
6, and a second electrode of the fourth transistor is con-
nected to a third voltage line. The storage module 4 includes
a capacitor, and the drive module 6 is connected between the
first and second ends of the capacitor.

[0030] Specifically, the first electrode of the first transistor
TR1 is connected to the second electrode of the second
transistor TR2, the second electrode of the first transistor
TR1 is connected to the data current line Data, and the
control electrode of the first transistor TR1 is connected to
the second voltage line EM. The first electrode of the second
transistor TR2 is connected to the first voltage line Vdd, and
the capacitor C is connected between the control electrode
and the second electrode of the second transistor TR2. The
control electrode of the third transistor TR3 is connected to
the second voltage line EM, the first electrode of the third
transistor TR3 is connected to the first voltage line Vdd, and
the second electrode of the third transistor TR3 is connected
to the control electrode of the second transistor TR2. The
control electrode of the fourth transistor TR4 is connected to
the second voltage line EM, the first electrode of the fourth
transistor TR4 is connected to the third voltage line VGL,
and the second electrode of the fourth transistor TR4 is
connected to the second electrode of the second transistor
TR2. The capacitor C is connected between the control
electrode and the second electrode of the second transistor
TR2. The anode of the light emitting device Di is connected
to the second electrode of the second transistor TR2, and the
cathode of the light emitting device Di is connected to the
fourth voltage terminal Ca.

[0031] The transistors may be N-type MOS transistors and
may also be P-type MOS transistors. When different types of
transistors are used, the circuit structures are the same, and
the control voltages applied to turn on the transistors are
different. Hereinafter, the operation of the pixel circuit 1
shown in FIG. 2 will be described taking the N-type MOS
transistor as an example.

[0032] FIG. 4 is a signal timing chart of the pixel circuit
1 shown in FIG. 3. As shown in FIG. 4, the operation of the
pixel circuit 1 includes a first stage and a second stage.
[0033] In the first stage t1, a high-level voltage V2 is
applied to the second voltage line EM, the high-level voltage
turns on the transistors TR1, TR3, and TR4, connected to the
second voltage line EM. A low level voltage VL is applied
to the first voltage line Vdd, a low level voltage Vcom is
applied to the cathode of the light emitting device Dij,
VL<Vcom, wherein no current flows through the light
emitting device Dj, and the light emitting device Di is turned
off without emitting light. A traction current is applied to the
data current line Data. Since the first transistor TR1 is turned
on, and the third transistor TR3 is turned on so that the
second transistor TR2 forms a diode connection, the current
A flowing through the second transistor TR2 is controlled by
the traction current flowing through the data current line
Data, and is equal to the traction current, wherein the current
A flows in the direction of the arrow shown in the figure.
Since the gate-source voltage of the second transistor TR2
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has a fixed function relationship with the current flowing
through the drain and the source, the gate-source voltage of
the second transistor TR2 changes to Vgs associated with the
current A and is also controlled by the traction current. The
capacitor C is gradually charged, and finally stores the
voltage Vgs across two ends of the capacitor C. In addition,
the internal capacitor between the source and the drain of the
third transistor TR3 stores the voltage Vgd of the gate and
the drain of the second transistor TR2 at this time.

[0034] In addition, a low level voltage V3 is applied to the
third voltage line VGL, and since the fourth transistor TR4
is turned on, the second electrode of the second transistor
TR2, the second end of the capacitor C, and the anode of the
light emitting device Di are reset to the voltage V3, and the
low level voltage V3 serves to eliminate the influence of the
residual charge in the capacitor C and the second transistor
TR2 on the current A, and can more reliably turn off the light
emitting device Di.

[0035] In the second stage t2, a low level voltage V2' is
applied to the second voltage line EM, wherein this low
level voltage turns off the transistors TR1, TR3, and TR4. At
this time, a high-level voltage VH (VH>Vcom) is applied to
the first voltage line Vdd, the light emitting device Di is
turned on, and a current flows through the light emitting
device Di to emit light. Since the voltage on the capacitor C
does not change, the voltage between the gate and the source
of the second transistor TR2 is the same as the voltage Vgs
in the first stage t1. When the third transistor TR3 is turned
off, due to the action of its internal capacitor, it has a holding
effect on the gate and drain voltage Vgd of the second
transistor TR2. Thus, the drive current flowing through the
second transistor TR2 is equal to the current A flowing
through the second transistor TR2 in the first stage t1.

[0036] According to an embodiment of the present disclo-
sure, by adjusting the value of the traction current on the data
current line Data in the first stage tl, the drive current
flowing into the light emitting diode in the second stage t2
can be changed, thereby making the light emitting device Di
have the optimum light emitting efficiency. Therefore, the
light emitting efficiency of the pixel circuit 1 can be
improved without changing the structure of the light emit-
ting device Di. This effect is more apparent to the quantum
dot electroluminescent light emitting device. In the case of
the quantum dot electroluminescent light emitting device,
the use of the pixel circuit 1 increases the current injected
into the light emitting device Di, and increases the hole
injection rate and injection efficiency, thereby increasing the
recombination probability of holes and electrons, and
improving the light emitting efficiency of the light emitting
device Di. The pixel circuit 1 overcomes the drawback that
the power consumption of the device will be increased as
long as the drive circuit is added in the conventional voltage
compensation circuit.

[0037] According to a third embodiment of the present
disclosure, there is provided a display panel including the
pixel circuit 1 described above.

[0038] According to a fourth embodiment of the present
disclosure, there is provided a display device including the
above-described display panel. The display device may be
any product or component having a display function, such as
an electronic paper, a mobile phone, a tablet computer, a
television set, a display, a notebook computer, a digital photo
frame, and/or a navigator.
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[0039] It should be noted that, in the above description, the
high-level and the low level represent only a function that
the voltage can realize, without specific limitation on the
voltage value. For example, the high-level voltage V2
applied to the second voltage line EM may be any voltage
that can turn on the transistors TR1, TR3, and TR4, and the
low level voltage V2' may be any voltage that can turn off
the transistors TR1, TR3, and TR4. The low level voltages
VL, V3, and Veom applied to the first voltage line Vdd, the
third voltage line VGL, and the cathode of the light emitting
diodes Di, respectively, may be any voltage that can turn off
the light emitting diodes Di, while the current A can follow
in the direction shown in FIG. 2. The high-level voltage VH
applied to the first voltage line Vdd and the low level voltage
Vcom applied to the cathode of the light emitting device Di
may be any voltage that can turn on the light emitting device
Di.

[0040] In addition, when the transistors are P-type MOS
transistors, the voltage for turning on the transistors changes,
simply, in the first stage t1, and a low level voltage V2
applied to the second voltage line EM turns on the transistors
TR1, TR3. and TR4. In the second stage 12, a high-level
voltage V2' applied to the second voltage line EM turns off
the transistors TR1, TR3, and TR4.

[0041] In addition, the first electrode of the transistor
refers to one of the source and the drain, and the second
electrode refers to the other of the source and the drain. For
each transistor, the first and second electrodes can be deter-
mined individually. That is, the first electrodes of different
transistors may be the same or different. Likewise, the
second electrodes may be the same or different. Therefore,
the description using the first and second electrodes is used
merely to more conveniently illustrate the principles of the
present disclosure, and is not to be construed as limiting the
present disclosure.

[0042] Tt is to be understood that the above embodiments
are exemplary embodiments employed for the purpose of
illustrating the principles of the present disclosure, but the
disclosure is not limited thereto. It will be apparent to those
skilled in the art that various modifications and improve-
ments can be made without departing from the spirit and
essence of the disclosure, and are considered to be within the
scope of the disclosure.

1. A pixel circuit comprising:

a reset module;

a data write module;

a storage module;

a compensation and hold module;

a drive module; and

a light emitting device, wherein the reset module is

connected to the storage module and the light emitting
device, wherein the data write module is connected to
the drive module, wherein the compensation and hold
module is connected to the drive module and the
storage module, wherein the storage module is con-
nected to the drive module, and wherein the drive
module is connected to the light emitting device.

2. The pixel circuit according to claim 1, wherein the reset
module is configured to reset the storage module and the
light emitting device, wherein the data write module is
configured to provide a data current, wherein the compen-
sation and hold module is configured to generate a control
voltage for the drive module, wherein the control voltage is
a function of data current, wherein the compensation and
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hold module is further configured to hold the control volt-
age, wherein the storage module is configured to store the
control voltage, wherein the drive module is configured to
generate a drive current according to the control voltage, and
wherein the light emitting device is configured to emit light
under the drive current.

3. The pixel circuit according to claim 2, wherein the
compensation and hold module comprises a third transistor,
wherein a control electrode of the third transistor is con-
nected to a second voltage line, wherein a first electrode of
the third transistor is connected to a first voltage line, and
wherein a second electrode of the third transistor is con-
nected to the drive module and the storage module.

4. The pixel circuit according to claim 2, wherein the reset
module comprises a fourth transistor, wherein a control
electrode of the fourth transistor is connected to the second
voltage line, wherein a first electrode of the fourth transistor
is connected to the storage module and the light emitting
device, and wherein a second electrode of the fourth tran-
sistor is connected to a third voltage line.

5. The pixel circuit according to claim 2, wherein the
drive module comprises a second transistor, wherein a first
electrode of the second transistor is connected to a first
voltage line, and wherein the storage module is connected
between a control electrode and a second electrode of the
second transistor.

6. The pixel circuit according to claim 2, wherein the data
write module comprises a first transistor, wherein a control
electrode of the first transistor is connected to the second
voltage line, wherein a first electrode of the first transistor is
connected to the drive module, and wherein a second
electrode of the first transistor is connected to a data current
line.

7. The pixel circuit according to claim 2, wherein the
storage module comprises a capacitor, and wherein the drive
module is connected between the first and second ends of the
capacitor.

8. The pixel circuit according to claim 3, wherein the
transistor is an N-type MOS transistor.

9. The pixel circuit according to claim 3, wherein the
transistor is a P-type MOS transistor.

10. A method for driving the pixel circuit according to
claim 1, the method comprising:

a first stage including i) providing a data current by the
data write module, and i) turning on the drive module,
the data write module, the compensation and hold
module, and the reset module, wherein the compensa-
tion and hold module generates the control voltage and
the storage module stores the control voltage, and
wherein the control voltage is a function of data cur-
rent; and

a second stage including 1) turning on the drive module,
and ii) turning off the data write module, the compen-
sation and hold module, and the reset module, wherein
the drive module generates a drive current according to
the control voltage stored in the storage module, and
wherein the light emitting device emits light under the
drive current.

11. A display panel comprising the pixel circuit according

to claim 1.

12. A display device comprising the display panel accord-
ing to claim 11.

13. The display panel according to claim 11, wherein the
reset module is configured to reset the storage module and
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the light emitting device, wherein the data write module is
configured to provide a data current. wherein the compen-
sation and hold module is configured to generate a control
voltage for the drive module, wherein the control voltage is
a function of data current, wherein the compensation and
hold module is further configured to hold the control volt-
age, wherein the storage module is configured to store the
control voltage, wherein the drive module is configured to
generate a drive current according to the control voltage, and
wherein the light emitting device is configured to emit light
under the drive current.

14. The display panel according to claim 13, wherein the
compensation and hold module comprises a third transistor,
wherein a control electrode of the third transistor is con-
nected to a second voltage line, wherein a first electrode of
the third transistor is connected to a first voltage line, and
wherein a second electrode of the third transistor is con-
nected to the drive module and the storage module.

15. The display panel according to claim 13, wherein the
reset module comprises a fourth transistor, wherein a control
electrode of the fourth transistor is connected to the second
voltage line, wherein a first electrode of the fourth transistor
is connected to the storage module and the light emitting
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device, and wherein a second electrode of the fourth tran-
sistor is connected to a third voltage line.

16. The display panel according to claim 13, wherein the
drive module comprises a second transistor, wherein a first
electrode of the second transistor is connected to a first
voltage line, and wherein the storage module is connected
between a control electrode and a second electrode of the
second transistor.

17. The display panel according to claim 13, wherein the
data write module comprises a first transistor, wherein a
control electrode of the first transistor is connected to the
second voltage line, wherein a first electrode of the first
transistor is connected to the drive module, and wherein a
second electrode of the first transistor is connected to a data
current line.

18. The display panel according to claim 13, wherein the
storage module comprises a capacitor, and wherein the drive
module is connected between the first and second ends of the
capacitor.

19. The display panel according to claim 14, wherein the
transistor is an N-type MOS transistor.

20. The display panel according to claim 14, wherein the
transistor is a P-type MOS transistor.

I S S T
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