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(54) DRIVE CIRCUIT AND DRIVING METHOD THEREFOR, AND DISPLAY APPARATUS

(57) The embodiments of the present disclosure pro-
vide a driving circuit, a driving method thereof and a dis-
play apparatus, and relates to the field of display tech-
nology. The driving circuit is configured to drive a
to-be-driven element and includes a driving element. The
driving element and the to-be-driven element are coupled
in series between a first operating voltage terminal and
a second operating voltage terminal. The driving element
comprises a driving sub-circuit, a writing sub-circuit and
a gray scale control sub-circuit. The writing sub-circuit
writes a first data voltage provided by the first data signal
terminal into the driving sub-circuit. The gray scale con-
trol sub-circuit transmits the first operating voltage pro-
vided by the first operating voltage terminal to the driving
sub-circuit. The driving sub-circuit generates a drive cur-
rent. The gray scale control sub-circuit also controls an
on-state duration of the current path.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This disclosure claims the benefit of priority to Chinese Patent Application No. 201810696655.5 filed on June
29, 2018, the contents of which are incorporated herein in their entirety by reference.

TECHNICAL FIELD

[0002] The present disclosure belongs to the field of display technology, and particularly relates to a driving circuit, a
driving method thereof, and a display apparatus.

BACKGROUND

[0003] Compared with an Organic Light Emitting Diode (OLED) display apparatus, a tiny LED display apparatus (e.g.,
a Micro LED display apparatus or a mLED display apparatus) has advantages of low driving voltage, long life, resistance
to wide temperature ranges, and the like, and is gradually applied to the field of mobile terminals.

SUMMARY

[0004] In one aspect, the present disclosure provides a driving circuit, including a driving element for driving a to-be-
driven element;
the driving element and the to-be-driven element are coupled in series between a first operating voltage terminal and a
second operating voltage terminal; the driving element is configured to provide a driving signal to the to-be-driven element
and control an on-state duration of a current path between the first operating voltage terminal and the second operating
voltage terminal;
the driving element includes a driving sub-circuit, a writing sub-circuit and a gray scale control sub-circuit;
the writing sub-circuit is coupled to a first scanning signal terminal, a first data signal terminal and the driving sub-circuit;
the writing sub-circuit is configured to write a first data voltage provided by the first data signal terminal into the driving
sub-circuit under control of the first scanning signal terminal;
the gray scale control sub-circuit is coupled to a driving control signal terminal, a second scanning signal terminal, a
second data signal terminal and the driving sub-circuit;
the gray scale control sub-circuit is configured to transmit a first operating voltage provided by the first operating voltage
terminal to the driving sub-circuit under control of the driving control signal terminal;
the driving sub-circuit is configured to generate the driving signal according to the first data voltage and the first operating
voltage; and
the gray scale control sub-circuit is further configured to control the on-state duration of the current path under control
of the driving control signal terminal, the second scanning signal terminal, and the second data signal terminal.
[0005] According to an embodiment of the present disclosure, the gray scale control sub-circuit includes a first control
sub-circuit and a second control sub-circuit;
the first control sub-circuit is coupled to the driving control signal terminal, the driving sub-circuit and the second control
sub-circuit; the first control sub-circuit is configured to transmit the first operating voltage provided by the first operating
voltage terminal to the driving sub-circuit under control of the driving control signal terminal;
the first control sub-circuit is further configured to, under control of the driving control signal terminal, transmit a driving
current generated by the driving sub-circuit to the second control sub-circuit, and control the on-state duration of the
current path;
the second control sub-circuit is further coupled to the second scanning signal terminal and the second data signal
terminal; the second control sub-circuit is configured to control the on-state duration of the current path under control of
the second scanning signal terminal and the second data signal terminal.
[0006] According to an embodiment of the present disclosure, the driving circuit further includes a compensation sub-
circuit;
the compensation sub-circuit is coupled to the first scanning signal terminal and the driving sub-circuit; the compensation
sub-circuit is configured to compensate a threshold voltage of the driving sub-circuit under control of the first scanning
signal terminal.
[0007] According to an embodiment of the present disclosure, the driving circuit further includes a reset sub-circuit;
the reset sub-circuit is coupled to a reset voltage terminal, a reset control signal terminal and the driving sub-circuit; the
reset sub-circuit is configured to transmit a reset voltage provided by the reset voltage terminal to the driving sub-circuit
under control of the reset control signal terminal.
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[0008] According to an embodiment of the present disclosure, the first control sub-circuit includes a first transistor and
a second transistor;
an anode of the to-be-driven element is coupled to the second control sub-circuit, a cathode of the to-be-driven element
is coupled to the second operating voltage terminal; a gate electrode of the first transistor is coupled to the driving control
signal terminal, a first electrode of the first transistor is coupled to the first operating voltage terminal, and a second
electrode of the first transistor is coupled to the driving sub-circuit;
a gate electrode of the second transistor is coupled to the driving control signal terminal, a first electrode of the second
transistor is coupled to the driving sub-circuit, and a second electrode of the second transistor is coupled to the second
control sub-circuit.
[0009] According to an embodiment of the present disclosure, the first control sub-circuit includes a first transistor and
a second transistor;
an anode of the to-be-driven element is coupled to the first operating voltage terminal; a gate electrode of the first
transistor is coupled to the driving control signal terminal, a first electrode of the first transistor is coupled to a cathode
of the to-be-driven element, and a second electrode of the first transistor is coupled to the driving sub-circuit;
a gate electrode of the second transistor is coupled to the driving control signal terminal, a first electrode of the second
transistor is coupled to the driving sub-circuit, and a second electrode of the second transistor is coupled to the second
control sub-circuit.
[0010] According to an embodiment of the present disclosure, the second control sub-circuit is further coupled to a
first voltage terminal; the second control sub-circuit includes a third transistor, a fourth transistor and a first capacitor;
a gate electrode of the third transistor is coupled to the second scanning signal terminal, a first electrode of the third
transistor is coupled to the second data signal terminal, and a second electrode of the third transistor is coupled to a
gate electrode of the fourth transistor;
one terminal of the first capacitor is coupled to the second electrode of the third transistor, and the other terminal of the
first capacitor is coupled to the first voltage terminal;
a cathode of the to-be-driven element is coupled to the second operating voltage terminal; a first electrode of the fourth
transistor is coupled to the first control sub-circuit, and a second electrode of the fourth transistor is coupled to an anode
of the to-be-driven element.
[0011] According to an embodiment of the present disclosure, the second control sub-circuit is further coupled to a
first voltage terminal; the second control sub-circuit includes a third transistor, a fourth transistor and a first capacitor;
a gate electrode of the third transistor is coupled to the second scanning signal terminal, a first electrode of the third
transistor is coupled to the second data signal terminal, and a second electrode of the third transistor is coupled to a
gate electrode of the fourth transistor;
one terminal of the first capacitor is coupled to the second electrode of the third transistor, and the other terminal of the
first capacitor is coupled to the first voltage terminal;
an anode of the to-be-driven element is coupled to the first operating voltage terminal, a cathode of the to-be-driven
element is coupled to the first control sub-circuit; a first electrode of the fourth transistor is coupled to the first control
sub-circuit, and a second electrode of the fourth transistor is coupled to the second operating voltage terminal.
[0012] According to an embodiment of the present disclosure, the driving sub-circuit is further coupled to a second
voltage terminal, and the driving sub-circuit includes a driving transistor;
a gate electrode of the driving transistor is coupled to the second voltage terminal, a first electrode of the driving transistor
is coupled to the writing sub-circuit, and a second electrode of the driving transistor is coupled to the gray scale control
sub-circuit.
[0013] According to an embodiment of the present disclosure, the driving sub-circuit is further coupled to a second
voltage terminal, and the driving sub-circuit includes a driving transistor and a second capacitor;
a gate electrode of the driving transistor is coupled to one terminal of the second capacitor, a first electrode of the driving
transistor is coupled to the writing sub-circuit, and a second electrode of the driving transistor is coupled to the gray
scale control sub-circuit; and
the other terminal of the second capacitor is coupled to the second voltage terminal.
[0014] According to an embodiment of the present disclosure, the writing sub-circuit includes a fifth transistor;
a gate electrode of the fifth transistor is coupled to the first scanning signal terminal, a first electrode of the fifth transistor
is coupled to the first data signal terminal, and a second electrode of the fifth transistor is coupled to the driving sub-circuit.
[0015] According to an embodiment of the present disclosure, the compensation sub-circuit includes a sixth transistor;
a gate electrode of the sixth transistor is coupled to the first scanning signal terminal, and first and second electrodes
of the sixth transistor are coupled to the driving sub-circuit.
[0016] According to an embodiment of the present disclosure, the reset sub-circuit includes a seventh transistor;
a gate electrode of the seventh transistor is coupled to the reset control signal terminal, a first electrode of the seventh
transistor is coupled to the reset voltage terminal, and a second electrode of the seventh transistor is coupled to the
driving sub-circuit.
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[0017] According to an embodiment of the present disclosure, the to-be-driven element is a tiny light emitting diode.
[0018] In another aspect, the present disclosure provides a driving circuit for driving a to-be-driven element, the driving
circuit including first to seventh transistors, a first capacitor, a second capacitor, a driving transistor, a reset control signal
terminal, a driving control signal terminal, a first data signal terminal, a second data signal terminal, a first scanning
signal terminal, a second scanning signal terminal, a first operating voltage terminal, a first voltage terminal, and a second
voltage terminal,
the driving control signal terminal is coupled to a gate electrode of the first transistor and a gate electrode of the second
transistor,
the first data signal terminal is coupled to a first electrode of the fifth transistor,
the second data signal terminal is coupled to a first electrode of the third transistor,
the first scanning signal terminal is coupled to a gate electrode of the fifth transistor and a gate electrode of the sixth
transistor,
the second scanning signal terminal is coupled to a gate electrode of the third transistor,
the first operating voltage terminal is coupled to a first electrode of the first transistor,
the first voltage terminal is coupled to one terminal of the first capacitor,
the second voltage terminal is coupled to one terminal of the second capacitor,
the reset control signal terminal is coupled to a gate electrode of the seventh transistor,
the reset voltage terminal is coupled to a first electrode of the seventh transistor,
a second electrode of the first transistor and a second electrode of the fifth transistor are coupled to a first electrode of
the driving transistor,
the other terminal of the second capacitor, a second electrode of the sixth transistor and a second electrode of the
seventh transistor are coupled to a gate electrode of the driving transistor,
a first electrode of the second transistor and a first electrode of the sixth transistor are coupled to a second electrode of
the driving transistor,
a second electrode of the second transistor is coupled to a first electrode of the fourth transistor,
the other terminal of the first capacitor and a second electrode of the third transistor are coupled to a gate electrode of
the fourth transistor, and
a second electrode of the fourth transistor is coupled to the to-be-driven element.
[0019] In another aspect, the present disclosure provides a driving circuit for driving a to-be-driven element, the driving
circuit including first to seventh transistors, a first capacitor, a second capacitor, a driving transistor, a reset control signal
terminal, a driving control signal terminal, a first data signal terminal, a second data signal terminal, a first scanning
signal terminal, a second scanning signal terminal, a power voltage terminal, a first voltage terminal, and a second
voltage terminal,
the driving control signal terminal is coupled to a gate electrode of the first transistor and a gate electrode of the second
transistor,
the first data signal terminal is coupled to a first electrode of the fifth transistor,
the second data signal terminal is coupled to a first electrode of the third transistor,
the first scanning signal terminal is coupled to a gate electrode of the fifth transistor and a gate electrode of the sixth
transistor,
the second scanning signal terminal is coupled to a gate electrode of the third transistor,
the power voltage terminal is coupled to a second electrode of the fourth transistor,
the first voltage terminal is coupled to one terminal of the first capacitor,
the second voltage terminal is coupled to one terminal of the second capacitor,
the reset control signal terminal is coupled to a gate electrode of the seventh transistor,
the reset voltage terminal is coupled to a first electrode of the seventh transistor,
a second electrode of the first transistor and a second electrode of the fifth transistor are coupled to a first electrode of
the driving transistor,
the other terminal of the second capacitor, a second electrode of the sixth transistor and a second electrode of the
seventh transistor are coupled to a gate electrode of the driving transistor,
a first electrode of the second transistor and a first electrode of the sixth transistor are coupled to a second electrode of
the driving transistor,
a second electrode of the second transistor is coupled to a first electrode of the fourth transistor,
the other terminal of the first capacitor and a second electrode of the third transistor are coupled to a gate electrode of
the fourth transistor,
a first electrode of the first transistor is coupled to the to-be-driven element.
[0020] In another aspect, the present disclosure provides a display apparatus, including a substrate, the display
substrate having a display region including a plurality of sub-pixels, at least one of the plurality of sub-pixels being
provided therein with the driving circuit according to the embodiments of the present disclosure and a to-be-driven
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element, the driving circuit being configured to provide a driving signal to the to-be-driven element.
[0021] In another aspect, the present disclosure provides a driving method for a driving circuit according to an em-
bodiment of the present disclosure, wherein the driving circuit operates in a plurality of scanning periods in an image
frame; the gray scale control sub-circuit includes a first control sub-circuit and a second control sub-circuit; in the scanning
period, the driving method includes the following steps:

providing a first scanning signal to the first scanning signal terminal, providing a first data voltage to the first data
signal terminal, and writing the first data voltage into the driving sub-circuit through the writing sub-circuit;
providing a second scanning signal to the second scanning signal terminal, and providing a second data voltage to
the second data signal terminal, so that the second control sub-circuit is turned on or turned off under control of the
second scanning signal and the second data voltage; and
providing a driving control signal to the driving control signal terminal, providing a first operating voltage to the first
operating voltage terminal, the first operating voltage being transmitted to the driving sub-circuit through the first
control sub-circuit, so that the to-be-driven element operates based on the first data voltage and the first operating
voltage under control of the driving control signal, the first scanning signal, the second scanning signal and the
second data voltage.

[0022] According to an embodiment of the present disclosure, the method further includes:
in the scanning period, a time of providing an active signal by the second scanning signal terminal is later than a time
of providing an active signal by the first scanning signal terminal.
[0023] According to an embodiment of the present disclosure, the driving circuit further includes a reset sub-circuit,
and prior to providing a first scanning signal to the first scanning signal terminal, providing a first data voltage to the first
data signal terminal, and writing the first data voltage into the driving sub-circuit through the writing sub-circuit, the
method further includes:
providing a reset control signal to a reset control signal terminal, and providing a reset voltage to a reset voltage terminal,
wherein the reset voltage is transmitted to the driving sub-circuit through the reset sub-circuit.
[0024] According to an embodiment of the present disclosure, the driving sub-circuit includes a driving transistor and
a second capacitor; a gate electrode of the driving transistor is coupled to one terminal of the second capacitor, the other
terminal of the second capacitor is coupled to a second voltage terminal, and a voltage provided to the second voltage
terminal is the same as a voltage provided to the first operating voltage terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] In order to more clearly illustrate the embodiments of the present disclosure or the technical solutions in the
prior art, the drawings used in the description of the embodiments or the prior art will be briefly described below, it is
obvious that the drawings described below are only some embodiments of the present disclosure, and other drawings
can be obtained therefrom by those skilled in the art without creative efforts.

Fig. 1 is a schematic structural diagram of a driving circuit according to some embodiments of the present disclosure;
Fig. 2 is a schematic structural diagram of another driving circuit according to some embodiments of the present
disclosure;
Fig. 3 is a schematic diagram of a specific structure of the driving circuit shown in Fig. 1;
Fig. 4 is a schematic diagram of a specific structure of the driving circuit shown in Fig. 2;
Fig. 5 is a schematic diagram of specific structures of sub-circuits in the driving circuit shown in Fig. 3;
FIG. 6 is a schematic diagram of specific structures of sub-circuits in the driving circuit shown in Fig. 4;
Fig. 7 is a schematic structural diagram of another driving circuit according to some embodiments of the present
disclosure;
Fig. 8 is a schematic structural diagram of another driving circuit according to some embodiments of the present
disclosure;
Fig. 9 is a timing signal diagram according to some embodiments of the present disclosure;
Fig. 10 is a schematic structural diagram of a display panel according to some embodiments of the present disclosure;
Fig. 11 is a flowchart of a driving method of a driving circuit according to some embodiments of the present disclosure;
Fig. 12 is another timing signal diagram according to some embodiments of the present disclosure;
Fig. 13 is a schematic diagram of specific structures of sub-circuits in a driving circuit according to another embod-
iment; and
Fig. 14 is a schematic diagram of specific structures of sub-circuits in a driving circuit according to another embod-
iment.
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DETAILED DESCRIPTION

[0026] The technical solutions in the embodiments of the present disclosure will be clearly and completely described
below with reference to the drawings in the embodiments of the present disclosure, and it is obvious that the described
embodiments are only a part of the embodiments of the present disclosure, and not all of the embodiments. All other
embodiments, which can be derived by a person skilled in the art from the embodiments disclosed herein without making
any creative effort, shall fall within the protection scope of the present disclosure.
[0027] Some embodiments of the present disclosure provide a driving circuit 01, as shown in Fig. 1 or Fig. 2, including
a driving element 100 and a to-be-driven element L.
[0028] The driving element 100 and the to-be-driven element L are coupled in series between a first operating voltage
terminal VL1 and a second operating voltage terminal VL2.
[0029] For example, as shown in Fig. 1, the driving element 100 is coupled between the first operating voltage terminal
VL1 and an anode of the to-be-driven element L, and a cathode of the to-be-driven element L is coupled to the second
operating voltage terminal VL2.
[0030] Alternatively, for another example, as shown in Fig. 2, the driving element 100 is coupled between the second
operating voltage terminal VL2 and the cathode of the to-be-driven element L, and the anode of the to-be-driven element
L is coupled to the first operating voltage terminal VL1.
[0031] The to-be-driven element L may be a light emitting device, such as a tiny light emitting diode, e.g., a mLED or
a Micro LED. The mLED or Micro LED has a size at the micron (mm) scale. The embodiments of the present disclosure
are described by taking the case that the to-be-driven element L is a light emitting device and the driving circuit 01 is a
driving circuit as an example. It should be understood that the to-be-driven element L may be other fluidic electronic
components.
[0032] In an embodiment of the present disclosure, the driving element 100 is configured to provide a driving current
I and to control an on-state duration of a current path between the first operating voltage terminal VL1 and the second
operating voltage terminal VL2.
[0033] When the current path is on, a first operating voltage VDD output from the first operating voltage terminal VL1
and a second operating voltage VSS output from the second operating voltage terminal VL2 may provide a potential
difference to the current path, so that the driving current I can be transmitted to the light emitting device L through the
current path.
[0034] It should be noted that the first operating voltage VDD may be a constant high level, and the second operating
voltage VSS may be a constant low level.
[0035] The light emitting device L is configured to receive the driving current I in the current path and emit light.
[0036] As shown in Fig. 3 or 4, the driving element 100 includes a driving sub-circuit 10, a writing sub-circuit 20, and
a gray scale control sub-circuit 30.
[0037] The writing sub-circuit 20 is coupled to a first scanning signal terminal G A, a first data signal terminal D A, and
a driving sub-circuit 10. The writing sub-circuit 20 is configured to write a first data voltage Vdata_A provided by the first
data signal terminal D_A into the driving sub-circuit 10 under control of the first scanning signal terminal G_A.
[0038] The gray scale control sub-circuit 30 is coupled to an emission control signal terminal EM (i.e., a driving control
signal terminal), a second scanning signal terminal G_B, a second data signal terminal D_B, and the driving sub-circuit 10.
[0039] When the driving circuit 01 adopts the structure as shown in Fig. 1, the gray scale control sub-circuit 30 in the
driving circuit 01 may be directly coupled to the first operating voltage terminal VL1 and coupled to the second operating
voltage terminal VL2 through the light emitting device L, as shown in Fig. 3. Alternatively, when the driving circuit 01
adopts the structure as shown in Fig. 2, the gray scale control sub-circuit 30 in the driving circuit 01 may be coupled to
the first operating voltage terminal VL1 through the light emitting device L and directly coupled to the second operating
voltage terminal VL2, as shown in Fig. 4. In the case of the driving circuit 01 shown in Fig. 3, the gray scale control sub-
circuit 30 is configured to transmit the first operating voltage VDD supplied from the first operating voltage terminal VL1
to the driving sub-circuit 10 under control of the emission control signal terminal EM.
[0040] The driving sub-circuit 10 is configured to generate the driving current I according to the first data voltage
Vdata_A and the first operating voltage VDD.
[0041] The gray scale control sub-circuit 30 is further configured to control the on-state duration of the current path
under control of the emission control signal terminal EM, the second scanning signal terminal G_B, and the second data
signal terminal D_B.
[0042] In summary, the writing sub-circuit 20 can output the first data voltage Vdata_A related to the displayed gray
scale to the driving sub-circuit 10, so that the driving sub-circuit 10 can generate the driving current I for driving the light
emitting device L to emit light. In addition, the gray scale control sub-circuit 30 can control the on-state duration of the
current path generated in the process that the driving current I flows into the light emitting device L, thereby controlling
the light emission duration of the light emitting device L. Since the magnitude and the light emission duration of the
driving current I affect the effective light emission luminance of the light emitting device L, the effective light emission
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luminance of the light emitting device L can be controlled by the magnitude of the first data voltage Vdata_A and the
gray scale control sub-circuit 30 in one scanning period, so as to achieve the purpose of adjusting the displayed gray
scale. According to an embodiment of the present disclosure, since the gray scale control sub-circuit 30 may be disposed
in each driving circuit 01, and the gray scale control sub-circuits 30 included in respective driving circuits corresponding
to the sub-pixels in the same row are coupled to different data signal lines (i.e., these gray scale control sub-circuits 30
are controlled by the second data voltages Vdata_B independent of each other), the driving circuit 01 according to the
embodiments of the present disclosure can directly and individually control the luminance of the light emitting device L
(e.g., mLED) in the driving circuit 01. Furthermore, the driving circuit 01 according to the embodiment of the present
disclosure can be manufactured on a glass substrate or a transparent resin substrate in a display panel of a display
apparatus by a patterning process. When the light emitting device is a mLED, the realization of the mLED display apparatus
which has lower cost, simple manufacturing process and can be mass produced can be provided.
[0043] The structure of each sub-circuit in the driving circuit 01 will be described in detail below.
[0044] Taking the structure shown in Fig. 3 as an example, the gray-scale control sub-circuit 30 may include a first
control sub-circuit 301 and a second control sub-circuit 302, as shown in Fig. 5.
[0045] Referring to Fig. 5, the first control sub-circuit 301 is coupled to the emission control signal terminal EM, the
driving sub-circuit 10, and the second control sub-circuit 302. The first control sub-circuit 301 is configured to transmit
the first operating voltage VDD provided by the first operating voltage terminal VL1 to the driving sub-circuit 10 under
control of the emission control signal terminal EM.
[0046] The first control sub-circuit 301 is further configured to, under control of the emission control signal terminal
EM, transmit the driving current I generated by the driving sub-circuit 10 to the second control sub-circuit 302, and control
the on-state duration of the current path.
[0047] The second control sub-circuit 302 is further coupled to the second scanning signal terminal G_B and the
second data signal terminal D_B. The second control sub-circuit 302 is configured to control whether the current path
is on in one scanning period and control a total on-state duration of the current path in a plurality of scanning periods
under control of the second scanning signal terminal GB and the second data signal terminal D_B.
[0048] As can be seen from the above, the current path can be on and the driving current I generated by the driving
sub-circuit 10 can be outputted to the light emitting device L through the current path, only when the first control sub-
circuit 301 and the second control sub-circuit 302 are both at the on state. Thus, the effective light emission luminance
of the light emitting device L can be cooperatively controlled by the driving current I, the first control sub-circuit 301 and
the second control sub-circuit 302, which increases the factors affecting the effective light emission luminance of the
light emitting device L, so that values of the gray scales displayed by the sub-pixel having the driving circuit 01 are more
diversified.
[0049] According to an embodiment of the present disclosure, as shown in Fig. 5, the first control sub-circuit 301 may
include a first transistor T1 and a second transistor T2.
[0050] Fig. 5 is an example of the structure shown in Fig. 3, and illustrates the structure of each sub-circuit in Fig. 3.
In this case, as shown in Fig. 5, the cathode of the light emitting device L is coupled to the second operating voltage
terminal VL2.
[0051] A gate electrode of the first transistor T1 is coupled to the emission control signal terminal EM, a first electrode
of the first transistor T1 is coupled to the first operating voltage terminal VL1, and a second electrode of the first transistor
T1 is coupled to the driving sub-circuit 10.
[0052] A gate electrode of the second transistor T2 is coupled to the emission control signal terminal EM, a first
electrode of the second transistor T2 is coupled to the driving sub-circuit 10, and a second electrode of the second
transistor T2 is coupled to the second control sub-circuit 302.
[0053] In addition, the second control sub-circuit 302 is further coupled to a first voltage terminal V1. The first voltage
terminal V1 may be a ground terminal GND.
[0054] The second control sub-circuit 302 includes a third transistor T3, a fourth transistor T4, and a first capacitor C1.
[0055] The third transistor T3 has a gate electrode coupled to the second scanning signal terminal G B, a first electrode
coupled to the second data signal terminal D B, and a second electrode coupled to a gate electrode of the fourth transistor
T4.
[0056] One terminal of the first capacitor C1 is coupled to the second electrode of the third transistor T3, and the other
terminal of the first capacitor C1 is coupled to the first voltage terminal V1.
[0057] As shown in Fig. 5, in a case where the anode of the light emitting device L is coupled to the second control
sub-circuit 302 and the cathode of the light emitting device L is coupled to the second operating voltage terminal VL2,
a first electrode of the fourth transistor T4 is coupled to the first control sub-circuit 301 and a second electrode of the
fourth transistor T4 is coupled to the anode of the light emitting device L.
[0058] When the first control sub-circuit 301 is configured as described above, the first electrode of the fourth transistor
T4 is coupled to the second electrode of the second transistor T2.
[0059] According to another embodiment of the present disclosure, the structure of each sub-circuit in Fig. 4 will be
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described by taking the structure shown in Fig. 4 as an example.
[0060] Fig. 6 is a schematic diagram of structures of the sub-circuits in Fig. 4, which are similar to the structures of
the sub-circuits in Fig. 5, except that the connection among the light emitting device L, the first control sub-circuit and
the second control sub-circuit. Referring to Figs. 4 and 6, the anode of the light emitting device L is coupled to the first
operating voltage terminal VL1, and the cathode of the light emitting device L is coupled to the first electrode of the first
transistor T1. The first electrode of the fourth transistor T4 is coupled to the first control sub-circuit 301 and the second
electrode thereof is coupled to the second operating voltage terminal VL2.
[0061] According to an embodiment of the present disclosure, as shown in Fig. 7, the driving sub-circuit 10 includes
a driving transistor Td and a second capacitor C2, a gate electrode of the driving transistor Td is coupled to one terminal
of the second capacitor C2, and the other terminal of the second capacitor C2 is coupled to a second voltage terminal
V2. The second voltage terminal V2 may be the same as the first voltage terminal V1, and may be the ground terminal
GND. Alternatively, since the second voltage terminal V2 is close to the first operating voltage terminal VL1, the second
voltage terminal V2 may be coupled to the first operating voltage terminal VL1 to receive the first operating voltage VDD
output by the first operating voltage terminal VL1, in order to make circuit layout design simpler.
[0062] The gate electrode of the driving transistor Td is coupled to one terminal of the second capacitor C2, the first
electrode of the driving transistor Td is coupled to the writing sub-circuit 20, and the second electrode of the driving
transistor Td is coupled to the gray scale control sub-circuit 30. When the gray scale control sub-circuit 30 is configured
as described above, the second electrode of the driving transistor Td is coupled to the first electrode of the second
transistor T2.
[0063] According to an embodiment of the present disclosure, the writing sub-circuit 20 includes a fifth transistor T5.
[0064] A gate electrode of the fifth transistor T5 is coupled to the first scanning signal terminal G_A, a first electrode
of the fifth transistor T5 is coupled to the first data signal terminal D_A, and a second electrode of the fifth transistor T5
is coupled to the driving sub-circuit 10. When the driving sub-circuit 10 is configured as described above, the second
electrode of the fifth transistor T5 is coupled to the first electrode of the driving transistor Td.
[0065] When the driving transistor Td in the driving sub-circuit 10 operates in a saturation region, the driving transistor
Td may generate a driving current I according to a gate voltage and a source voltage thereof. As can be derived from
the driving current formula I=K(Vgs-Vth)2, the driving current I is affected by the threshold voltage Vth of the driving
transistor Td. Since the threshold voltage Vth of the driving transistor Td shifts during the operating process, and the
shift amounts of the threshold voltages Vth of the driving transistors Td in different sub-pixels are not necessarily the
same, the driving currents I generated by the driving transistors Td in different sub-pixels are different when the same
gray scale data is displayed, as a result, the luminance of the light emitting devices L in different sub-pixels is uneven,
and the display effect may be affected.
[0066] In order to solve the above problem, the driving circuit 01 according to an embodiment of the present disclosure
further includes a compensation sub-circuit 40, as shown in Fig. 7.
[0067] The compensation sub-circuit 40 is coupled to the first scanning signal terminal G_A and the driving sub-circuit
10. The compensation sub-circuit 40 is configured to compensate the threshold voltage of the driving sub-circuit 10
under control of the first scanning signal terminal G_A. When the driving sub-circuit 10 is configured as described above,
the compensation sub-circuit 40 can compensate for the threshold voltage Vth of the driving transistor Td. A specific
process of compensating the threshold voltage Vth will be described later.
[0068] Illustratively, the compensation sub-circuit 40 may include a sixth transistor T6.
[0069] A gate electrode of the sixth transistor T6 is coupled to the first scanning signal terminal G_A, and first and
second electrodes of the sixth transistor T6 are coupled to the driving sub-circuit 10. When the driving sub-circuit 10 is
configured as described above, the first electrode of the sixth transistor T6 is coupled to the second electrode of the
driving transistor Td, and the second electrode of the sixth transistor T6 is coupled to the gate electrode of the driving
transistor Td.
[0070] In addition, considering that the signal of the previous image frame remaining in the driving sub-circuit 10 may
affect the display of the next image frame, the driving circuit 01 according to the embodiment of the present disclosure
further includes a reset sub-circuit 50, as shown in Fig. 7.
[0071] The reset sub-circuit 50 is coupled to a reset voltage terminal VINT, a reset control signal terminal RS, and the
driving sub-circuit 10. The reset sub-circuit 50 is configured to transmit a reset voltage provided by the reset voltage
terminal VINT to the driving sub-circuit 10 under control of the reset control signal terminal RS.
[0072] The reset sub-circuit 50 includes a seventh transistor T7.
[0073] The seventh transistor T7 has a gate electrode coupled to the reset control signal terminal RS, a first electrode
coupled to the reset voltage terminal VINT, and a second electrode coupled to the driving sub-circuit 10. When the
driving sub-circuit 10 is configured as described above, the first electrode of the seventh transistor T7 is coupled to the
gate electrode of the driving transistor Td.
[0074] It should be noted that Fig. 7 illustrates that the driving element 100 and the light emitting device L are coupled
as illustrated in Fig. 1. When the driving element 100 and the light emitting device L are coupled as shown in Fig. 2, the
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specific structures and connection of the compensation sub-circuit 40 and the reset sub-circuit 50 are the same as those
described above, and the structure of the driving circuit 01 having the driving sub-circuit 10, the writing sub-circuit 20,
the gray scale control sub-circuit 30, the compensation sub-circuit 40, and the reset sub-circuit 50 is shown in Fig. 8.
[0075] In addition, in Figs. 5 to 8, the description is given by taking an example in which all transistors are P-type
transistors. In some embodiments of the present disclosure, the transistors in each sub-circuit may also be N-type
transistors. The first electrode of the transistor may be a source electrode, and the second electrode of the transistor
may be a drain electrode. Alternatively, the first electrode of the transistor may be a drain electrode and the second
electrode of the transistor may be a source electrode.
[0076] The operation of the driving circuit 01 in one image frame will be described in detail below, by taking the structure
of the driving circuit 01 shown in Fig. 7 as an example.
[0077] In some embodiments of the present disclosure, in order to enable the sub-pixel having the driving circuit 01
to display more gray scales and have a better display effect, the driving circuit 01 may operate in a plurality of scanning
periods S within one image frame. For example, as shown in Fig. 9, the description will be given by taking a case in
which three scanning periods S1, S2, and S3 are provided in one image frame as an example.
[0078] Each scanning period can be divided into three stages: a first stage t1, a second stage t2, and a third stage t3.
[0079] Taking a first scanning period S1 as an example, in the first stage t1, a low level is input to the reset control
signal terminal RS, the seventh transistor T7 is turned on, and a reset voltage provided by the reset voltage terminal
VINT is transmitted to the gate electrode of the driving transistor Td through the seventh transistor T7, so as to reset
the gate electrode of the driving transistor Td, thereby preventing the voltage of the previous image frame remaining in
the driving transistor Td from affecting the display of the current image frame. At this time, the voltage at a node N1 is
the reset voltage provided by the reset voltage terminal VINT.
[0080] According to an embodiment of the present disclosure, the reset voltage may be a low level, which makes the
driving transistor Td be close to an on state but not turned on, thereby preparing for charging the gate electrode of the
driving transistor Td during a subsequent data writing stage, so that the first data voltage Vdata_A can more rapidly
charge the gate electrode of the driving transistor Td. Therefore, in the subsequent data writing stage, when different
data voltages are written into the driving transistors, the writing time of the data voltage can be reduced, so that the
response time, as well as the writing time of the data voltage, of all the driving transistors Td can be almost the same
for all the driving circuits of the whole display panel, and the display uniformity can be improved for the whole display panel.
[0081] The first stage t1 may be referred to as a reset stage.
[0082] In the second stage t2, a low level is input to the first and second scanning signal terminals G_A and G_B. The
fifth and sixth transistors T5 and T6 are turned on under control of the first scanning signal terminal G_A. The first data
voltage Vdata_A supplied from the first data signal terminal D_A is transmitted to the first electrode of the driving transistor
Td through the fifth transistor T5.
[0083] When the sixth transistor T6 is turned on, the gate electrode and the second electrode of the driving transistor
Td are electrically coupled, so that the driving transistor Td serves as a diode. At this time, the first data voltage Vdata_A
charges the gate electrode of the driving transistor Td until the driving transistor Td is turned off. When the driving
transistor Td is turned off, the gate-source voltage Vgs of the driving transistor Td is equal to Vth, that is, Vg-Vs=Vth. At
this time, the voltage at the gate electrode of the driving transistor Td (i.e., the voltage at the node N1) may be Vg
=Vs+Vth=Vdata_A+Vth. In this case, the first data voltage Vdata_A is written to the gate electrode of the driving transistor
Td.
[0084] In addition, the third transistor T3 is turned on under control of the second scanning signal terminal G_B, and
the second data voltage Vdata_B provided from the second data signal terminal D_B is transmitted to the gate electrode
of the fourth transistor T4 through the third transistor T3. The voltage at the node N2 is Vdata_B.
[0085] The potentials at the node N1 and the node N2 remain constant under action of the first capacitor C1 and the
second capacitor C2, until a low level is input to the first scanning signal terminal G_A and the second scanning signal
terminal G_B again.
[0086] The second stage t2 may be a data writing stage.
[0087] In the third stage t3, as shown in Fig. 9, the emission control signal terminal EM provides a low level, and the
first transistor T1 and the second transistor T2 are turned on.
[0088] In addition, the second data voltage Vdata_B provided by the second data signal terminal D_B has two states
of a high level (VGH) and a low level (VGL). It may be configured that the fourth transistor T4 is turned off when the gate
electrode of the fourth transistor T4 receives a high level, and the fourth transistor T4 is turned on when the gate electrode
of the fourth transistor T4 receives a low level.
[0089] In Fig. 9, in the third stage T3, the second data voltage Vdata_B is at a low level, and at this time, the voltage
at the second scanning signal terminal G_B changes from a low level to a high level, and the third transistor T3 is turned
off. However, due to the first capacitor C1, the potential at the node N2 still remains at the high level as in the second
stage t2, and thus the fourth transistor T4 is turned off, and the light emitting device L does not emit light at this time.
Therefore, the light emission duration of the light emitting device in one image frame can be reduced as a whole, by



EP 3 816 978 A1

10

5

10

15

20

25

30

35

40

45

50

55

controlling the light emitting device L not to emit light in the scanning period.
[0090] Alternatively, in contrast to the timing diagram shown in Fig. 9, Vdata_B may be set to a low level at the second
period t2, to cause the fourth transistor T4 to be turned on in the third stage t3, and in this case, the current path between
the first operating voltage terminal VL1 and the second operating voltage terminal VL2 is on. At this time, the driving
current I generated by the driving transistor Td operating in the saturation region is transmitted to the light emitting device
L through the current path, so that the light emitting device L emits light.
[0091] The drive current I satisfies: 

where K=1/2Cox(mW/L), Cox, m, W, and L are channel capacitance per unit area, channel mobility, channel width, and
channel length of the driving transistor Td, respectively. Thus K is a constant.
[0092] As can be seen from the formula of the driving current I, the driving current I is independent of the threshold
voltage Vth of the driving transistor Td. Therefore, the magnitude of the driving current I is not changed due to the shift
of the threshold voltage Vth of the driving transistor Td.
[0093] The third stage t3 may be a light emitting stage.
[0094] The operation of the driving circuit 01 in the first scanning period S1 is described above. The operation of the
driving circuit 01 in the remaining scanning periods is the same as that described above, and will not be described herein.
[0095] The difference is that, in one aspect, the magnitude of the first data voltage Vdata_A supplied from the first
data signal terminal D_A may be changed to change the magnitude of the driving current I flowing through the light
emitting device L, and in another aspect, the magnitude of the second data voltage Vdata_B supplied from the second
data signal terminal D_B may also be changed. For example, referring to Fig. 9, Vdata_B may be set to a low level at
the second stage t2 of the second scanning period S2, thereby causing the fourth transistor T4 to be turned on in the
second scanning period S2, and thus the light emitting device L emits light in the second scanning period S2 to change
effective light emission luminance of the light emitting device L in one image frame. Therefore, Vdata_B can determine
when to transmit the driving current I to the light emitting device L. In yet another aspect, the duration during which the
emission control signal terminal EM supplies the low level may be controlled. For example, the duty ratio of the signal
supplied from the emission control signal terminal EM may be controlled to control the on-state durations of the first
transistor T1 and the second transistor T2, thereby controlling the on-state duration of the current path through which
the driving current I flows.
[0096] In summary, the effective light emission luminance of the light emitting device L in the driving circuit 01 in an
image frame can be determined by a plurality of factors, such as the number of scanning periods in the image frame,
the duration of each scanning period, the first data voltage Vdata_A, the second data voltage Vdata_B, and the emission
control signal provided by the emission control signal terminal EM, so that the number of the gray scales displayed by
the sub-pixel having the driving circuit 01 can be increased, and the display panel can display a richer and finer image.
[0097] In addition, as shown in Fig. 7, the gate electrodes of the fifth transistor T5 and the sixth transistor T6 are
coupled to the first scanning signal terminal G_A, and the gate electrode of the third transistor T3 is coupled to the
second scanning signal terminal G_B. Fig. 9 illustrates an example in which signals input to the first scanning signal
terminal G_A and the second scanning signal terminal G_B are the same.
[0098] In some embodiments of the present disclosure, as shown in Fig. 12, during one scanning period S, the active
signal input from the second scanning signal terminal G_B may be delayed. For example, during the second stage t2,
the active signal input from the second scanning signal terminal G_B is delayed with respect to the active signal input
from the first scanning signal terminal G_A.
[0099] The active signal is a level signal, for example, a low level, which can make the sub-circuit receiving the active
signal in an on state. In this case, the time when the gray scale control sub-circuit 30 receiving the active signal from
the second scanning signal terminal G_B is turned on is later than the time when the writing sub-circuit 20 receiving the
active signal from the first scanning signal terminal G_A is turned on.
[0100] Further, when the sub-circuit includes a transistor, the active signal refers to a level signal that can cause the
transistor controlled by the active signal to be turned on. For example, when the gray scale control sub-circuit 30 includes
the third transistor T3, the writing sub-circuit 20 includes the fifth transistor T5, and the compensation sub-circuit 40
includes the sixth transistor T6, the time when the fifth transistor T5 and the sixth transistor T6 controlled by the first
scanning signal terminal G_A are turned on is earlier than the time when the third transistor T3 controlled by the second
scanning signal terminal G_B is turned on. When the transistor is a P-type transistor, the active signal is a low level.
[0101] In this way, the time when the fourth transistor T4 is turned on may be delayed, thereby preventing the leakage
current generated by the second transistor T2 from flowing into the light emitting device L through the fourth transistor
T4 to cause the phenomenon of false light emission. That is, according to the embodiment of the present disclosure,
after the state that the first data voltage Vdata_A provided by the first data signal terminal D_A is written into the driving
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transistor Td is stabilized, and the driving current I generated by the driving transistor Td is stabilized, the third transistor
T3 is turned on, and the fourth transistor T4 is controlled to be turned on, so as to transmit the stabilized driving current
I to the light emitting device L, thereby making the luminance of the light emitting device L stable.
[0102] The above is a description taking the structure shown in Fig. 7 as an example, and the operating process of
the driving circuit 01 shown in Fig. 8 is the same as the above, and will not be described herein.
[0103] Some embodiments of the present disclosure provide a display apparatus including a display panel, a display
area of the display panel has a plurality of sub-pixels 02 as shown in Fig. 10, and at least one of the sub-pixels 02 is
provided therein with any one of the driving circuits 01 as described above.
[0104] The sub-pixels 02 may be defined by the first scanning signal lines G_A and the first data signal lines D_A
arranged in the horizontal and vertical directions to intersect each other. In addition, the second scanning signal line
G_B may be disposed parallel to the first scanning signal line G_A, and the second data signal line D_B may be disposed
parallel to the first data signal line D_A.
[0105] As can be seen from Fig. 10, the first transistors T1 in the driving circuits 01 of the sub-pixels located in the
same row are coupled to the same emission control signal terminal EM. In this case, when the emission control signal
terminal EM supplies an active signal, for example, a low level as shown in Fig. 9, each of the first transistors T1 and
the second transistors T2 in the same row is turned on.
[0106] Based on this, in order to enable the luminance of different sub-pixels in the same row to be controlled individually,
the third transistor T3 can be controlled to be turned on by inputting an active signal through the second scanning signal
terminal G_B, and then, after the third transistor T3 is turned on, and when the second data voltage Vdata_B provided
through the second data signal terminal D_B is an active signal, the fourth transistor T4 is controlled to be turned on,
so that the current path between the first operating voltage terminal VL1 and the second operating voltage terminal VL2
is on.
[0107] The driving current I generated by the driving transistor Td can be transmitted to the light emitting device L
through the current path. The longer the duration that this current path is on, the higher the effective light emission
luminance of the light emitting device L in a scanning period S. In addition, the magnitude of the driving current I can be
adjusted by adjusting the magnitude of the first data voltage Vdata_A provided by the first data signal terminal D_A. The
larger the drive current I, the higher the effective light emission luminance of the light emitting device L in a scanning
period S.
[0108] According to the embodiment of the present disclosure, as shown in Fig. 9, there are three scanning periods
S1, S2, and S3 within one image frame. The third stages t3 in the three scanning periods are different from each other.
Accordingly, one or more scanning periods may be selected according to the desired light emission duration of the light
emitting device such that the light emitting device emits light at the third stage t3 within the one or more scanning periods,
thereby enabling 8 different gray scales. According to another embodiment of the present disclosure, the third stages
in the plurality of scanning periods of one image frame may be identical to each other. Therefore, one or more scanning
periods may be selected according to the desired light emission duration of the light emitting device such that the light
emitting device emits light at the third stage t3 within the one or more scanning periods to change the light emission
duration of the light emitting device, thereby enabling 4 different gray scales.
[0109] It can be seen that, under the condition that there are a plurality of scanning periods in one image frame and
the lengths of the scanning periods are different from one another, the adjustable ranges of the light emission duration
and the effective light emission luminance of the light-emitting device can be enlarged, and the number of the gray scales
which can be displayed by the display panel is enriched.
[0110] In summary, conventionally, under the control of the emission control signal provided by the emission control
signal terminal EM, all the sub-pixels in the driving circuits 01 in the same row can emit light simultaneously, but the light
emission luminance and the light emission duration of each sub-pixel cannot be controlled individually. However, ac-
cording to the driving circuit provided by the present disclosure, the individual adjustment of the light emission luminance
of a single sub-pixel can be realized under the cooperation of the emission control signal terminal EM, the first scanning
signal terminal G_A, the second scanning signal terminal G_B, the first data signal terminal D_A, and the second data
signal terminal D_B.
[0111] It should be noted that the display apparatus may be any product or component with a display function, such
as a display, a television, a digital photo frame, a mobile phone, or a tablet computer. The display apparatus can achieve
the same technical effects as the driving circuit 01 provided in the foregoing embodiments, and details will not be
described herein.
[0112] Some embodiments of the present disclosure provide a method for driving the driving circuit 01 as described
above, and the driving circuit operates in a plurality of scanning periods within an image frame.
[0113] The gray scale control sub-circuit 30 in the driving circuit 01 includes a first control sub-circuit 301 and a second
control sub-circuit 302.
[0114] In one scanning period S (e.g., the first scanning period S1), the method for driving the driving circuit includes
steps S100 to S103 as shown in Fig. 11.
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[0115] Step S101 includes providing a first scanning signal to the first scanning signal terminal G_A, and providing a
first data voltage Vdata_A to the first data signal terminal D_A, and the first data voltage Vdata_A is written to the driving
sub-circuit 10 through the writing sub-circuit 20.
[0116] As shown in Fig. 9, in one scanning period S, the signal provided by the first scanning signal terminal G_A has
two states of a high level state and a low level state. In the embodiment of the present disclosure, the low level input
into the first scanning signal terminal G_A may serve as an active signal for turning on the writing sub-circuit 20. When
the high level is input into the first scanning signal terminal G_A, the writing sub-circuit 20 is turned off.
[0117] Step S102 includes providing the second scanning signal to the second scanning signal terminal G_B and
providing the second data voltage Vdata_B to the second data signal terminal D_B, such that the second control sub-
circuit 302 is turned on or off under control of the second scanning signal and the second data voltage Vdata_B.
[0118] By controlling the on-state durations of the first control sub-circuit 301 and the second control sub-circuit 302,
the purpose of controlling the on-state duration of the current path can be achieved.
[0119] The second scanning signal terminal G_B and the second data voltage terminal D_B, as shown in Fig. 9, have
two states of a high level and a low level. In the embodiment of the present disclosure, the low level input into the second
scanning signal terminal G_B and the second data voltage terminal D_B may serve as an active signal for turning on
the second control sub-circuit 302. In other states, the second control sub-circuit 302 is turned off.
[0120] It should be noted steps S101 and S102 may be performed in the second stage t2 in a scanning period shown
in Fig. 9.
[0121] In addition, in the case where the driving circuit 01 further includes the compensation sub-circuit 40, when the
first scanning signal is input to the first scanning signal terminal G_A in the second stage t2, the compensation sub-
circuit 40 is turned on, thereby compensating for the threshold voltage Vth of the driving transistor Td in the driving sub-
circuit 10.
[0122] Step S103 includes providing an emission control signal to the emission control signal terminal EM, and the
first operating voltage VDD supplied from the first operating voltage terminal VL1 is transmitted to the driving sub-circuit
10 through the first control sub-circuit 301, so that the light emitting device L emits light based on the first operating
voltage VDD and the first data voltage Vdata_A under the control of the emission control signal, the first scanning signal,
the second scanning signal, and the second data voltage Vdata_B. The emission control signal terminal EM, as shown
in Fig. 9, has two states of a high level and a low level. In the embodiments of the present disclosure, the low level
provided by the emission control signal terminal EM may serve as an active signal for turning on the first control sub-
circuit 301. When the emission control signal terminal EM provides a high level, the first control sub-circuit 301 is turned off.
[0123] In an embodiment, the driving sub-circuit 10 generates the driving current I according to the first data voltage
Vdata_A and the first operating voltage VDD. The driving current I is transmitted to the second control sub-circuit 302
through the first control sub-circuit 301. Since the first control sub-circuit 301 and the second control sub-circuit 302 are
both turned on, the current path between the first operating voltage terminal VL1 and the second operating voltage
terminal VL2 is on, and the driving current I is transmitted to the light emitting device L through the current path. The
light emitting device L receives the driving current I in the current path and emits light.
[0124] It should be noted that step S103 may be performed in the third stage t3 in the scanning period shown in Fig. 9.
[0125] In addition, in the case where the driving circuit 10 further includes the reset sub-circuit 50, the method for
driving the driving circuit further includes step S100 as shown in Fig. 11, prior to step S101.
[0126] In step S100, a reset control signal is provided to the reset control signal terminal RS, and a reset voltage is
provided to the reset voltage terminal VINT, and the reset voltage is transmitted to the driving sub-circuit 10 through the
reset sub-circuit 50.
[0127] The reset control signal terminal RS, as shown in Fig. 9, has two states of a high level and a low level. In the
embodiment of the present disclosure, the low level input into the reset control signal terminal RS may serve as an active
signal for turning on the reset sub-circuit 50. When the reset control signal terminal RS provides a high level, the reset
sub-circuit 50 is turned off.
[0128] The gate electrode of the driving transistor Td in the driving sub-circuit 10 can be reset by step S100.
[0129] Step S100 may be performed at the first stage t1 in a scanning period as shown in Fig. 9.
[0130] It should be noted that, when the structure of each sub-circuit in the driving circuit 10 is as shown in Fig. 7 or
Fig. 8, the method for driving the driving circuit 10 has been explained in detail in the description regarding the operating
process of the driving circuit 10 in the foregoing embodiment, and will not be described here. In addition, the method for
driving the driving circuit has the same technical effects as the driving circuit provided in the foregoing embodiment, and
will not be described herein.
[0131] In addition, in order to enable the second control sub-circuit 302 to be turned on after the first data voltage
Vdata_A is steadily written into the driving sub-circuit 10 through the writing sub-circuit 20, in an embodiment, as shown
in Fig. 12, in the second stage t2 of a scanning period S, the time when the second scanning signal terminal G_B provides
the active signal is later than the time when the first scanning signal terminal G_A provides the active signal. Therefore,
after the driving current I generated by the driving sub-circuit 10 is stable, the second control sub-circuit 302 is turned
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on to cause the current path in an on state. The active signal has been described above and will not be described here.
[0132] In addition, in the case where the driving sub-circuit 10 includes the driving transistor Td and the second
capacitor C2, the gate electrode of the driving transistor Td is coupled to one terminal of the second capacitor C2, and
the other terminal of the second capacitor C2 is coupled to the second voltage terminal V2, since the second voltage
terminal V2 is close to the first operating voltage terminal VL1, the voltage input to the second voltage terminal V2 is the
same as the voltage input to the first operating voltage terminal VL1 in order to make the circuit layout design simpler.
In this way, the first operating voltage terminal VL1 can be electrically coupled to the second voltage terminal V2. When
the driving sub-circuit 10 operates, the first operating voltage VDD provided by the first operating voltage terminal VL1
may be transmitted to the second voltage terminal V2.
[0133] According to another embodiment of the present disclosure, as shown in Fig. 13, the driving element 100 may
only include the second gray scale control sub-circuit 302, the driving transistor Td, and the second transistor T2. It can
be understood that the driving transistor Td may generate a driving current for driving the light emitting device L according
to a source signal provided from a third voltage terminal V3 and a gate signal provided from a fourth voltage terminal
V4. The driving duration of the light emitting device L may be controlled by the second transistor T2 and the second
control sub-circuit 302.
[0134] Referring to Fig. 14, according to an embodiment of the present disclosure, the driving sub-circuit 10 may only
include the driving transistor Td having a gate electrode coupled to the fourth voltage terminal V4, a first electrode
coupled to the writing sub-circuit, and a second electrode coupled to the gray scale control sub-circuit. The fourth voltage
terminal V4 is configured to provide a suitable voltage signal to the gate electrode of the driving transistor Td to turn on
the driving transistor Td.
[0135] The above description is only for the specific embodiments of the present disclosure, but the scope of the
present disclosure is not limited thereto, and changes or substitutions that can be easily conceived by any person skilled
in the art within the technical scope of the present disclosure should be within the scope of the present disclosure.
Therefore, the protection scope of the present disclosure shall be subject to the protection scope of the claims.

Claims

1. A driving circuit, comprising a driving element for driving a to-be-driven element, wherein
the driving element and the to-be-driven element are coupled in series between a first operating voltage terminal
and a second operating voltage terminal; and the driving element is configured to provide a driving signal to the to-
be-driven element and control an on-state duration of a current path between the first operating voltage terminal
and the second operating voltage terminal;
the driving element comprises a driving sub-circuit, a writing sub-circuit and a gray scale control sub-circuit;
the writing sub-circuit is coupled to a first scanning signal terminal, a first data signal terminal and the driving sub-
circuit; and the writing sub-circuit is configured to write a first data voltage provided by the first data signal terminal
into the driving sub-circuit under control of the first scanning signal terminal;
the gray scale control sub-circuit is coupled to a driving control signal terminal, a second scanning signal terminal,
a second data signal terminal and the driving sub-circuit;
the gray scale control sub-circuit is configured to transmit a first operating voltage provided by the first operating
voltage terminal to the driving sub-circuit under control of the driving control signal terminal;
the driving sub-circuit is configured to generate the driving signal according to the first data voltage and the first
operating voltage; and
the gray scale control sub-circuit is further configured to control the on-state duration of the current path under
control of the driving control signal terminal, the second scanning signal terminal, and the second data signal terminal.

2. The driving circuit of claim 1, wherein the gray scale control sub-circuit comprises a first control sub-circuit and a
second control sub-circuit;
the first control sub-circuit is coupled to the driving control signal terminal, the driving sub-circuit and the second
control sub-circuit; and the first control sub-circuit is configured to transmit the first operating voltage provided by
the first operating voltage terminal to the driving sub-circuit under control of the driving control signal terminal;
the first control sub-circuit is further configured to, under control of the driving control signal terminal, transmit a
driving current generated by the driving sub-circuit to the second control sub-circuit, and control the on-state duration
of the current path; and
the second control sub-circuit is further coupled to the second scanning signal terminal and the second data signal
terminal; and the second control sub-circuit is configured to control the on-state duration of the current path under
control of the second scanning signal terminal and the second data signal terminal.
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3. The driving circuit of claim 1, wherein the driving circuit further comprises a compensation sub-circuit;
the compensation sub-circuit is coupled to the first scanning signal terminal and the driving sub-circuit; and the
compensation sub-circuit is configured to compensate a threshold voltage of the driving sub-circuit under control of
the first scanning signal terminal.

4. The driving circuit of claim 1, wherein the driving circuit further comprises a reset sub-circuit;
the reset sub-circuit is coupled to a reset voltage terminal, a reset control signal terminal and the driving sub-circuit;
and the reset sub-circuit is configured to transmit a reset voltage provided by the reset voltage terminal to the driving
sub-circuit under control of the reset control signal terminal.

5. The driving circuit of claim 2, wherein the first control sub-circuit comprises a first transistor and a second transistor;
an anode of the to-be-driven element is coupled to the second control sub-circuit, a cathode of the to-be-driven
element is coupled to the second operating voltage terminal; a gate electrode of the first transistor is coupled to the
driving control signal terminal, a first electrode of the first transistor is coupled to the first operating voltage terminal,
and a second electrode of the first transistor is coupled to the driving sub-circuit; and
a gate electrode of the second transistor is coupled to the driving control signal terminal, a first electrode of the
second transistor is coupled to the driving sub-circuit, and a second electrode of the second transistor is coupled
to the second control sub-circuit.

6. The driving circuit of claim 2, wherein the first control sub-circuit comprises a first transistor and a second transistor;
an anode of the to-be-driven element is coupled to the first operating voltage terminal; a gate electrode of the first
transistor is coupled to the driving control signal terminal, a first electrode of the first transistor is coupled to a cathode
of the to-be-driven element, and a second electrode of the first transistor is coupled to the driving sub-circuit; and
a gate electrode of the second transistor is coupled to the driving control signal terminal, a first electrode of the
second transistor is coupled to the driving sub-circuit, and a second electrode of the second transistor is coupled
to the second control sub-circuit.

7. The driving circuit of claim 2, wherein the second control sub-circuit is further coupled to a first voltage terminal; the
second control sub-circuit comprises a third transistor, a fourth transistor and a first capacitor;
a gate electrode of the third transistor is coupled to the second scanning signal terminal, a first electrode of the third
transistor is coupled to the second data signal terminal, and a second electrode of the third transistor is coupled to
a gate electrode of the fourth transistor;
one terminal of the first capacitor is coupled to the second electrode of the third transistor, and the other terminal
of the first capacitor is coupled to the first voltage terminal; and
a cathode of the to-be-driven element is coupled to the second operating voltage terminal; a first electrode of the
fourth transistor is coupled to the first control sub-circuit, and a second electrode of the fourth transistor is coupled
to an anode of the to-be-driven element.

8. The driving circuit of claim 2, wherein the second control sub-circuit is further coupled to a first voltage terminal; the
second control sub-circuit comprises a third transistor, a fourth transistor and a first capacitor;
a gate electrode of the third transistor is coupled to the second scanning signal terminal, a first electrode of the third
transistor is coupled to the second data signal terminal, and a second electrode of the third transistor is coupled to
a gate electrode of the fourth transistor;
one terminal of the first capacitor is coupled to the second electrode of the third transistor, and the other terminal
of the first capacitor is coupled to the first voltage terminal; and
an anode of the to-be-driven element is coupled to the first operating voltage terminal, a cathode of the to-be-driven
element is coupled to the first control sub-circuit; a first electrode of the fourth transistor is coupled to the first control
sub-circuit, and a second electrode of the fourth transistor is coupled to the second operating voltage terminal.

9. The driving circuit of claim 1, wherein the driving sub-circuit is further coupled to a second voltage terminal, and the
driving sub-circuit comprises a driving transistor;
a gate electrode of the driving transistor is coupled to the second voltage terminal, a first electrode of the driving
transistor is coupled to the writing sub-circuit, and a second electrode of the driving transistor is coupled to the gray
scale control sub-circuit.

10. The driving circuit of claim 3 or 4, wherein the driving sub-circuit is further coupled to a second voltage terminal,
and the driving sub-circuit comprises a driving transistor and a second capacitor;
a gate electrode of the driving transistor is coupled to one terminal of the second capacitor, a first electrode of the
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driving transistor is coupled to the writing sub-circuit, and a second electrode of the driving transistor is coupled to
the gray scale control sub-circuit; and
the other terminal of the second capacitor is coupled to the second voltage terminal.

11. The driving circuit of claim 1, wherein the writing sub-circuit comprises a fifth transistor;
a gate electrode of the fifth transistor is coupled to the first scanning signal terminal, a first electrode of the fifth
transistor is coupled to the first data signal terminal, and a second electrode of the fifth transistor is coupled to the
driving sub-circuit.

12. The driving circuit of claim 3, wherein the compensation sub-circuit comprises a sixth transistor; and
a gate electrode of the sixth transistor is coupled to the first scanning signal terminal, and first and second electrodes
of the sixth transistor are coupled to the driving sub-circuit.

13. The driving circuit of claim 4, wherein the reset sub-circuit comprises a seventh transistor; and
a gate electrode of the seventh transistor is coupled to the reset control signal terminal, a first electrode of the
seventh transistor is coupled to the reset voltage terminal, and a second electrode of the seventh transistor is coupled
to the driving sub-circuit.

14. The driving circuit of claim 1, wherein the to-be-driven element is a tiny light emitting diode.

15. A driving circuit for driving a to-be-driven element, the driving circuit comprising first to seventh transistors, a first
capacitor, a second capacitor, a driving transistor, a reset control signal terminal, a driving control signal terminal,
a first data signal terminal, a second data signal terminal, a first scanning signal terminal, a second scanning signal
terminal, a first operating voltage terminal, a first voltage terminal, and a second voltage terminal, wherein
the driving control signal terminal is coupled to a gate electrode of the first transistor and a gate electrode of the
second transistor,
the first data signal terminal is coupled to a first electrode of the fifth transistor,
the second data signal terminal is coupled to a first electrode of the third transistor,
the first scanning signal terminal is coupled to a gate electrode of the fifth transistor and a gate electrode of the sixth
transistor,
the second scanning signal terminal is coupled to a gate electrode of the third transistor,
the first operating voltage terminal is coupled to a first electrode of the first transistor,
the first voltage terminal is coupled to one terminal of the first capacitor,
the second voltage terminal is coupled to one terminal of the second capacitor,
the reset control signal terminal is coupled to a gate electrode of the seventh transistor,
the reset voltage terminal is coupled to a first electrode of the seventh transistor,
a second electrode of the first transistor and a second electrode of the fifth transistor are coupled to a first electrode
of the driving transistor,
the other terminal of the second capacitor, a second electrode of the sixth transistor and a second electrode of the
seventh transistor are coupled to a gate electrode of the driving transistor,
a first electrode of the second transistor and a first electrode of the sixth transistor are coupled to a second electrode
of the driving transistor,
a second electrode of the second transistor is coupled to a first electrode of the fourth transistor,
the other terminal of the first capacitor and a second electrode of the third transistor are coupled to a gate electrode
of the fourth transistor, and
a second electrode of the fourth transistor is coupled to the to-be-driven element,

16. A driving circuit for driving a to-be-driven element, the driving circuit comprising first to seventh transistors, a first
capacitor, a second capacitor, a driving transistor, a reset control signal terminal, a driving control signal terminal,
a first data signal terminal, a second data signal terminal, a first scanning signal terminal, a second scanning signal
terminal, a power voltage terminal, a first voltage terminal, and a second voltage terminal, wherein
the driving control signal terminal is coupled to a gate electrode of the first transistor and a gate electrode of the
second transistor,
the first data signal terminal is coupled to a first electrode of the fifth transistor,
the second data signal terminal is coupled to a first electrode of the third transistor,
the first scanning signal terminal is coupled to a gate electrode of the fifth transistor and a gate electrode of the sixth
transistor,
the second scanning signal terminal is coupled to a gate electrode of the third transistor,
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the power voltage terminal is coupled to a second electrode of the fourth transistor,
the first voltage terminal is coupled to one terminal of the first capacitor,
the second voltage terminal is coupled to one terminal of the second capacitor, the reset control signal terminal is
coupled to a gate electrode of the seventh transistor,
the reset voltage terminal is coupled to a first electrode of the seventh transistor,
a second electrode of the first transistor and a second electrode of the fifth transistor are coupled to a first electrode
of the driving transistor,
the other terminal of the second capacitor, a second electrode of the sixth transistor and a second electrode of the
seventh transistor are coupled to a gate electrode of the driving transistor,
a first electrode of the second transistor and a first electrode of the sixth transistor are coupled to a second electrode
of the driving transistor,
a second electrode of the second transistor is coupled to a first electrode of the fourth transistor,
the other terminal of the first capacitor and a second electrode of the third transistor are coupled to a gate electrode
of the fourth transistor, and
a first electrode of the first transistor is coupled to the to-be-driven element.

17. A display apparatus, comprising a substrate, the display substrate having a display region comprising a plurality of
sub-pixels, at least one of the plurality of sub-pixels being provided therein with the driving circuit of any one of
claims 1-15 and a to-be-driven element, the driving circuit being configured to provide a driving signal to the to-be-
driven element.

18. A driving method for a driving circuit, the driving circuit being the driving circuit of any one of claims 1-16, wherein
the driving circuit operates in a plurality of scanning periods in an image frame; the gray scale control sub-circuit
comprises a first control sub-circuit and a second control sub-circuit; in the scanning period, the driving method
comprises:

providing a first scanning signal to the first scanning signal terminal, providing a first data voltage to the first
data signal terminal, and writing the first data voltage into the driving sub-circuit through the writing sub-circuit;
providing a second scanning signal to the second scanning signal terminal, and providing a second data voltage
to the second data signal terminal, so that the second control sub-circuit is turned on or turned off under control
of the second scanning signal and the second data voltage; and
providing a driving control signal to the driving control signal terminal, providing a first operating voltage to the
first operating voltage terminal, the first operating voltage being transmitted to the driving sub-circuit through
the first control sub-circuit, so that the to-be-driven element operates based on the first data voltage and the
first operating voltage under control of the driving control signal, the first scanning signal, the second scanning
signal and the second data voltage.

19. The driving method of claim 18, further comprising:
in the scanning period, a time of providing an active signal by the second scanning signal terminal is later than a
time of providing an active signal by the first scanning signal terminal.

20. The driving method of claim 18, wherein the driving circuit further comprises a reset sub-circuit, and prior to providing
the first scanning signal to the first scanning signal terminal, providing the first data voltage to the first data signal
terminal, and writing the first data voltage into the driving sub-circuit through the writing sub-circuit, the driving
method further comprises:
providing a reset control signal to a reset control signal terminal, and providing a reset voltage to a reset voltage
terminal, wherein the reset voltage is transmitted to the driving sub-circuit through the reset sub-circuit.

21. The driving method of claim 18, wherein the driving sub-circuit comprises a driving transistor and a second capacitor;
a gate electrode of the driving transistor is coupled to one terminal of the second capacitor, the other terminal of the
second capacitor is coupled to a second voltage terminal, and a voltage provided to the second voltage terminal is
the same as a voltage provided to the first operating voltage terminal.
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