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DRIVING CIRCUIT AND DRIVING METHOD
THEREOF, DISPLAY PANEL, AND DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Chinese Patent
Application No. 202010617318.X, filed on Jun. 30, 2020,
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technologies, and in particular, to a driving circuit and a
driving method thereof, a display panel and a display device.

BACKGROUND

[0003] Compared with a liquid crystal display (LCD), an
organic light-emitting diode (OLEO) display has advantages
such as low power consumption, low production cost, self-
luminosity, wide viewing angle, quick response, etc., and
has become a hot spot of research at the moment.

SUMMARY

[0004] In one aspect, a driving circuit is provided. The
driving circuit includes at least one pixel circuit and a
control circuit. Each pixel circuit is coupled to a scan signal
terminal, a first data signal terminal, a second signal termi-
nal, and an enable signal terminal. The control circuit is
coupled to a second data signal terminal and the at least one
pixel circuit. The pixel circuit is configured to write a first
data signal received at the first data signal terminal in
response to a scan signal received at the scan signal terminal;
and generate a first driving signal according to a first signal
and the first data signal. The control circuit is configured to
monitor the first driving signal, and provide another first data
signal to the pixel circuit according to a second data signal
received at the second data signal terminal and the first
driving signal. The pixel circuit is configured to be further
coupled to a light-emitting device, and is further configured
to: provide another first driving signal to the light-emitting
device according to the first signal and the another first data
signal; and in response to an enable signal received at the
enable signal terminal, provide a second driving signal to the
light-emitting device according to a second signal received
at the second signal terminal and the another first data signal.
An amplitude of the another first driving signal and an
amplitude of the second driving signal are approximately
equal.

[0005] In some embodiments, the pixel circuit is config-
ured to provide the another first driving signal with an
amplitude in direct proportion to an amplitude of the second
data signal to the light-emitting device according to the first
signal and the another first data signal.

[0006] In some embodiments, the control circuit includes
a current monitoring sub-circuit and an output sub-circuit.
The current monitoring sub-circuit is coupled to the at least
one pixel circuit. The output sub-circuit is coupled to the at
least one pixel circuit, the second data signal terminal and
the current monitoring sub-circuit. The current monitoring
sub-circuit is configured to monitor the first driving signal,
and output a third signal according to the first driving signal.
The output sub-circuit is configured to output the another
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first data signal to the pixel circuit according to the third
signal from the current monitoring sub-circuit and the sec-
ond data signal.

[0007] In some embodiments, the current monitoring sub-
circuit includes a resistor and a first amplifier. A first end of
the resistor is coupled to the at least one pixel circuit. A first
input terminal of the first amplifier is coupled to the first end
of the resistor, and a second input terminal of the first
amplifier is coupled to a second end of the resistor. The
output sub-circuit includes a second amplifier. A first input
terminal of the second amplifier is coupled to an output
terminal of the first amplifier, a second input terminal of the
second amplifier is coupled to the second data signal termi-
nal, and an output terminal of the second amplifier is
coupled to the at least one pixel circuit.

[0008] In some embodiments, the control circuit further
includes a voltage follower sub-circuit. The voltage follower
sub-circuit is coupled to a first signal terminal, the second
signal terminal and the at least one pixel circuit. The voltage
follower sub-circuit is configured to provide the first signal
having a same amplitude as the second signal to the pixel
circuit according to a previous first signal from the first
signal terminal and the second signal from the second signal
terminal.

[0009] In some embodiments, the voltage follower sub-
circuit includes a third amplifier. A first input terminal of the
third amplifier is coupled to the first signal terminal, a
second input terminal of the third amplifier is coupled to the
second signal terminal, and an output terminal of the third
amplifier is coupled to the at least one pixel circuit.

[0010] In some embodiments, the first signal terminal and
the second signal terminal are included in the driving circuit,
and the first signal terminal is coupled to the second signal
terminal.

[0011] In some embodiments, the driving circuit further
includes at least one selection circuit coupled to the control
circuit. A selection circuit in the at least one selection circuit
is coupled to at least the scan signal terminal, the voltage
follower sub-circuit and the second signal terminal. The
selection circuit is configured to transmit the second signal
from the second signal terminal to the voltage follower
sub-circuit in response to the scan signal received at the scan
signal terminal.

[0012] In some embodiments, the selection circuit
includes a first transistor. A control electrode of the first
transistor is coupled to the scan signal terminal, a first
electrode of the first transistor is coupled to the second signal
terminal, and a second electrode of the first transistor is
coupled to the voltage follower sub-circuit.

[0013] In some embodiments, the selection circuit is fur-
ther coupled to the first signal terminal. The selection circuit
is further configured to transmit the previous first signal
from the first signal terminal to the voltage follower sub-
circuit in response to the scan signal received at the scan
signal terminal.

[0014] In some embodiments, the selection circuit
includes a first transistor and a second transistor. A control
electrode of the first transistor is coupled to the scan signal
terminal, a first electrode of the first transistor is coupled to
the second signal terminal, and a second electrode of the first
transistor is coupled to the voltage follower sub-circuit. A
control electrode of the second transistor is coupled to the
scan signal terminal, a first electrode of the second transistor



US 2021/0407434 Al

is coupled to the first signal terminal, and a second electrode
of the second transistor is coupled to the voltage follower
sub-circuit.

[0015] In some embodiments, the at least one pixel circuit
includes pixel circuits, and the at least one selection circuit
includes selection circuits, and each selection circuit is
coupled to a respective one of the pixel circuits.

[0016] In some embodiments, the pixel circuit includes a
driving sub-circuit, a writing sub-circuit and a light-emitting
control sub-circuit. The writing sub-circuit is coupled to the
scan signal terminal, the control circuit and the driving
sub-circuit, and the writing sub-circuit is configured to
transmit the another first data signal from the control circuit
to the driving sub-circuit in response to the scan signal
received at the scan signal terminal, and transmit the first
signal to the driving sub-circuit in response to the scan signal
received at the scan signal terminal. The light-emitting
control sub-circuit is coupled to the enable signal terminal,
the second signal terminal and the driving sub-circuit, and
the light-emitting control sub-circuit is configured to trans-
mit the second signal from the second signal terminal to the
driving sub-circuit in response to the enable signal received
at the enable signal terminal. The driving sub-circuit is
configured to be coupled to the light-emitting device, and is
configured to provide the another first driving signal to the
light-emitting device according to the another first data
signal and the first signal, and provide the second driving
signal to the light-emitting device according to the another
first data signal and the second signal.

[0017] In some embodiments, the driving circuit includes
a driving transistor and a capacitor. A control electrode of the
driving transistor is coupled to a first electrode of the
capacitor, a first electrode of the driving transistor is coupled
to a second electrode of the capacitor, and a second electrode
of the driving transistor is configured to be coupled to the
light-emitting device.

[0018] In some embodiments, the writing sub-circuit
includes a third transistor and a fourth transistor. A control
electrode of the third transistor is coupled to the scan signal
terminal, a first electrode of the third transistor is coupled to
the first data signal terminal, and a second electrode of the
third transistor is coupled to the driving sub-circuit. A
control electrode of the fourth transistor is coupled to the
scan signal terminal, a first electrode of the fourth transistor
is coupled to the control circuit, and a second electrode of
the fourth transistor is coupled to the driving sub-circuit.
[0019] In some embodiments, the light-emitting control
sub-circuit includes a fifth transistor. A control electrode of
the fifth transistor is coupled to the enable signal terminal,
a first electrode of the fifth transistor is coupled to the second
signal terminal, and a second electrode of the fifth transistor
is coupled to the driving sub-circuit.

[0020] In another aspect, a display panel is provided. The
display panel includes the driving circuit as described in any
of the above embodiments and a plurality of light-emitting
devices coupled to the driving circuit.

[0021] In yet another aspect, a display device is provided.
The display device includes the display panel as described in
the above embodiment.

[0022] Inyet another aspect, a driving method of a driving
circuit is provided. The driving circuit includes at least one
pixel circuit and a control circuit. The driving method
includes: writing, by each pixel circuit, a first data signal
received at a first data signal terminal in response to a scan
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signal received at a scan signal terminal, generating, by the
pixel circuit, a first driving signal according to a first signal
and the first data signal; and monitoring, by the control
circuit, the first driving signal; providing, by the control
circuit, another first data signal to the pixel circuit according
to the first driving signal and a second data signal received
at a second data signal terminal; providing, by the pixel
circuit, another first driving signal to a light-emitting device
according to the first signal and the another first data signal;
and in response to an enable signal received at an enable
signal terminal, providing, by the pixel circuit, a second
driving signal to the light-emitting device according to a
second signal received at a second signal terminal and the
another first data signal, wherein an amplitude of the another
first driving signal and an amplitude of the second driving
signal are approximately equal.

[0023] In some embodiments, the first signal and the
second signal are approximately identical.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In order to describe technical solutions in the
present disclosure more clearly, accompanying drawings to
be used in some embodiments of the present disclosure will
be introduced briefly. However, the accompanying drawings
to be described below are merely accompanying drawings of
some embodiments of the present disclosure, and a person of
ordinary skill in the art can obtain other drawings according
to these drawings. In addition, the accompanying drawings
in the following description can be regarded as schematic
diagrams, and are not limitations on actual dimensions of
products, actual processes of methods and actual timings of
signals involved in the embodiments of the present disclo-
sure.

[0025] FIG. 1 is a block diagram of a display device, in
accordance with some embodiments;

[0026] FIG. 2 is a schematic diagram of a display panel, in
accordance with some embodiments;

[0027] FIG. 3 is a schematic diagram of a sub-pixel, in
accordance with some embodiments;

[0028] FIG. 4 is a block diagram of a driving circuit; in
accordance with some embodiments;

[0029] FIG. 5 is a block diagram of another driving circuit,
in accordance with some embodiments;

[0030] FIG. 6 is a schematic diagram of yet another
driving circuit, in accordance with some embodiments;
[0031] FIG. 7 is a block diagram of yet another driving
circuit, in accordance with some embodiments;

[0032] FIG. 8 is a schematic diagram of yet another
driving circuit, in accordance with some embodiments;
[0033] FIG. 9 is a block diagram of yet another driving
circuit, in accordance with some embodiments;

[0034] FIG. 10 is a schematic diagram of yet another
driving circuit, in accordance with some embodiments;
[0035] FIG. 11 is a block diagram of yet another driving
circuit, in accordance with some embodiments;

[0036] FIG. 12 is a schematic diagram of yet another
driving circuit, in accordance with some embodiments;
[0037] FIG. 13 is a circuit diagram of another display
panel, in accordance with some embodiments;

[0038] FIG. 14 is a schematic diagram of yet another
driving circuit, in accordance with some embodiments;
[0039] FIG. 15 is a block diagram of yet another driving
circuit, in accordance with some embodiments;
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[0040] FIG. 16 is a circuit diagram of yet another driving
circuit, in accordance with some embodiments;

[0041] FIG. 17 is a signal timing diagram of a driving
method of a driving circuit, in accordance with some
embodiments;

[0042] FIG. 18A is a block diagram of yet another driving
circuit, in accordance with some embodiments; and

[0043] FIG. 18B is a block diagram of yet another driving
circuit, in accordance with some embodiments.

DETAILED DESCRIPTION

[0044] Technical solutions in some embodiments of the
present disclosure will be described clearly and completely
with reference to the accompanying drawings below. How-
ever, the described embodiments are merely some but not all
embodiments of the present disclosure. All other embodi-
ments obtained on a basis of the embodiments of the present
disclosure by a person of ordinary skill in the art shah be
included in the protection scope of the present disclosure.

[0045] Unless the context requires otherwise, throughout
the description and the claims, the term “comprise” and
other forms thereof such as the third-person singular form
“comprises” and the present participle form “comprising”
are construed as an open and inclusive meaning, i.e.,
“including, but not limited to.” In the description, the terms
“one embodiment”, “some embodiments”, “exemplary
embodiments”, “example”, “specific example”, “some
examples” and the like are intended to indicate that specific
features, structures, materials, or characteristics related to
the embodiment(s) or example(s) are included in at least one
embodiment or example of the present disclosure. Sche-
matic representations of the above terms do not necessarily
refer to the same embodiment(s) or example(s). In addition,
the specific features, structures, materials, or characteristics
described herein may be included in any one or more
embodiments or examples in any suitable manner.

[0046] Hereinafter, the terms “first” and “second” are only
used for descriptive purposes and are not to be construed as
indicating or implying the relative importance or implicitly
indicating the number of indicated technical features. Thus,
features defined with “first”, “second” may explicitly or
implicitly include one or more of the features. In the
description of the embodiments of the present disclosure, “a
plurality of”, “the plurality of”” and “multiple” all mean two
or more unless otherwise specified.

[0047] In the description of some embodiments, terms
“coupled”, “connected” and their derivatives may be used.
For example, the term “connected” may be used in the
description of some embodiments to indicate that two or
more components are in direct physical or electric contact
with each other. As another example, the term “coupled”
may be used in the description of some embodiments to
indicate that two or more components are in direct physical
or electric contact. However, the term “coupled” or “con-
nected” may also mean that two or more components are not
in direct contact with each other, but still cooperate or
interact with each other. The embodiments disclosed herein
are not necessarily limited to the contents herein.

[0048] The use of the phrase “applicable to” or “config-
ured to” herein means an open and inclusive language,
which does not exclude devices that are applicable to or
configured to perform additional tasks or steps.

[0049] The term “about” or “approximately” as used
herein includes a stated value and an average value within an
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acceptable range of deviation of a particular value. The
acceptable range of deviation is determined by a person of
ordinary skill in the art in view of the measurement in
question and the error associated with the measurement of a
specific amount (i.e., the limitations of the measurement
system).

[0050] Some embodiments of the present disclosure pro-
vide a display device. In some examples, the display device
may be any device that may display an image whether
moving (such as a video) or fixed (such as a static image),
and whether literal or graphical. For example, the display
device may be one of a variety of electronic devices, and the
described embodiments may be implemented in or associ-
ated with a variety of electronic devices. The variety of
electronic devices may include (but not limited to), for
example, mobile telephones, wireless devices, portable
android devices (PAD), hand-held or portable computers,
global positioning system (GPS) receivers/navigators, cam-
eras, MPEG-4 Part 14 (MN) video players, video cameras,
game consoles, watches, clocks, calculators, TV monitors,
flat-panel displays, computer monitors, car displays (e.g.,
odometer displays), navigators, cockpit controllers and/or
displays, camera view displays (e.g., display of rear view
camera in vehicles), electronic photos, electronic billboards
or signs, projectors, architectural structures, and packagings
and aesthetic structures (e.g., displays for displaying an
image of a piece of jewelry), etc. Embodiments of the
present disclosure do not particularly limit a specific form of
the display device.

[0051] In some embodiments, as shown in FIG. 1, the
display device 200 includes a display panel 100. As shown
in FIG. 2, the display panel 100 may have an active area
(AA) and a peripheral area B. The peripheral area B may be
located on at least one side of the AA.

[0052] As shown in FIG. 2, the display panel 100 includes
a plurality of sub-pixels P disposed in the AA. In some
examples, the plurality of sub-pixels P are arranged in an
array. For example, sub-pixels P arranged in a line along an
X direction (i.e., a horizontal direction in FIG. 2) are referred
to as sub-pixels in a same row, and sub-pixels P arranged in
a line along a Y direction (i.e., a vertical direction in FIG. 2)
are referred to as sub-pixels in a same column. In some
examples, the plurality of sub-pixels P include sub-pixels of
a first color, sub-pixels of a second color, and sub-pixels of
a third color. For example, the first color, the second color,
and the third color are three primary colors, e.g., red, green,
and blue, respectively. That is, the plurality of sub-pixels P
include red sub-pixels, green sub-pixels, and blue sub-
pixels.

[0053] In some embodiments, the display panel 100
includes light-emitting devices. In some examples, referring
to FIG. 3, the sub-pixel P includes a light-emitting device D.
The light-emitting device D may be a current-driven device.
For example, the light-emitting device D adopts a current-
type light-emitting diode, such as a micro light-emitting
diode (Micro LED), a mini light-emitting diode (Mini LED),
an organic light-emitting diode (OLEO), or a quantum dot
light-emitting diode (QLED).

[0054] In some embodiments, the display panel 100 fur-
ther includes pixel circuits. In some examples, referring to
FIG. 3, the sub-pixel P further includes a pixel circuit 20
coupled to the light-emitting device D. The pixel circuit 20
may be configured to drive the light-emitting device D to
operate. For example, a first electrode of the light-emitting
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device D is coupled to the pixel circuit 20, and a second
electrode of the light-emitting device D is coupled to a third
signal terminal S3. The first electrode and the second
electrode of the light-emitting device D may be an anode and
a cathode, respectively. The third signal terminal S3 may be
configured to provide a direct current (DC) voltage, such as
a DC low-level voltage.

[0055] In some embodiments, referring to FIG. 1, the
display device 200 further includes a power supply chip 300
coupled to the display panel 100. The power supply chip 300
is, for example, a power management integrated circuit
(PMIC). The power supply chip 300 may provide power
supply voltages to the display panel 100. For example, the
power supply voltages include a first power supply voltage
and a second power supply voltage. For example, the first
power supply voltage is a high-level power supply voltage,
and the second power supply voltage is a low-level power
supply voltage. The pixel circuit 20 may receive the high-
level power supply voltage, and the light-emitting device D
may receive the low-level power supply voltage.

[0056] The pixel circuit 20 may be composed of two or
more transistors and other electronic devices (e.g., a capaci-
tor or the like). The pixel circuit 20 provides a driving signal
to the light-emitting device D to drive the light-emitting
device D to emit light. The brightness of the light-emitting
device D may depend on a magnitude of the driving signal.

[0057] In the production process of the display device,
there may be a deviation in the performance of the transis-
tors in the pixel circuits due to the uncertainty of the
production process. For example, threshold voltages and
transfer characteristic curves of transistors in different pixel
circuits are different. For example, a threshold voltage of a
transistor may change at different stresses or temperatures,
that is, the threshold voltage may drift at different stresses or
temperatures. Therefore, in a process of the pixel circuit
driving the light-emitting device to operate, a driving signal
provided by the pixel circuit to the light-emitting device may
be affected, so that the brightness of the light-emitting
device may be deviated from preset brightness, thereby
affecting the uniformity of the display brightness of the
display panel.

[0058] Some embodiments of the present disclosure pro-
vide a driving circuit. As shown in FIGS. 4 and 14, the
driving circuit 1 includes a control circuit 10 and at least one
pixel circuit 20. Each pixel circuit 20 is coupled to a scan
signal terminal GATE, a first data signal terminal DATAL1, a
second signal terminal S2, an enable signal terminal EM,
and a light-emitting device D. The control circuit 10 is
coupled to a second data signal terminal DATA2 and the at
least one pixel circuit 20. As shown in FIG. 4, the pixel
circuit 20 may be further coupled to a first signal terminal
S1. As shown in FIG. 14, the control circuit 10 may be
further coupled to the first signal terminal S1 and the first
data signal terminal DATAT.

[0059] In the embodiment of the present disclosure, each
of terminals (e.g., the scan signal terminal GATE, the first
data signal terminal DATA1, the first signal terminal S1, the
second signal terminal S2, and the enable signal terminal
EM) is a point at which a connection may be made in a
circuit. For example, the terminal may be a junction point of
an electrical connection in a circuit diagram. That is, the
terminal is a node equivalent to the junction point of the
electrical connection in the circuit diagram.
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[0060] For example, as shown in FIGS. 2 and 4, the
control circuit 10 may be located in the peripheral area B of
the display panel 100. For example, the control circuit 10 is
disposed on a base substrate of the display panel 100.
Alternatively, the control circuit 10 is included in a source
driver (Source IC) bonded to the base substrate of the
display panel 100. The at least one pixel circuit 20 is located
in the AA of the display panel 100.

[0061] Each pixel circuit 20 is configured to: write a first
data signal received at the first data signal terminal DATA1
in response to a scan signal received at the scan signal
terminal GATE; and generate a first driving signal according
to a first signal and the first data signal. The control circuit
10 is configured to monitor the first driving signal, and
provide another first data signal to the pixel circuit 20
according to the first driving signal and a second data signal
received at the second data signal terminal S2. The pixel
circuit 20 is further configured to: provide another first
driving signal to the light-emitting device D according to the
first signal and the another first data signal; and in response
to an enable signal received at the enable signal terminal
EM, provide a second driving signal to the light-emitting
device according to a second signal received at the second
signal terminal S2 and the another first data signal. An
amplitude of the another first driving signal and an ampli-
tude of the second driving signal are equal or approximately
equal.

[0062] In some examples, the first signal and the second
signal are the same or approximately the same. That is, the
first signal received by the pixel circuit 20 from the first
signal terminal S1 is the same or approximately the same as
the second signal received by the pixel circuit 20 from the
second signal terminal S2, and an amplitude of the first
signal may be the same or approximately the same as an
amplitude of the second signal. For example, the first signal
and the second signal are voltage signals which have the
same or approximately the same voltage.

[0063] For example, the second signal received by the
pixel circuit 20 from the second signal terminal S2 is a DC
signal, such as a DC high-level voltage (e.g., the high-level
power supply voltage mentioned above). For example, the
first signal received by the pixel circuit 20 from the first
signal terminal S1 is also a DC signal, such as a DC
high-level voltage.

[0064] For example, referring to FIG. 18A, the first signal
terminal S1 is coupled to the second signal terminal S2. In
this case, the first signal transmitted by the first signal
terminal S1 and the second signal transmitted by the second
signal terminal S2 are a same signal. That is, the amplitude
of the first signal and the amplitude of the second signal are
the same or approximately the same. For example, referring
to FIG. 18A, the first signal terminal S1 and the second
signal terminal S2 are directly connected. Alternatively,
referring to FIG. 18B, the first signal terminal S1 and the
second signal terminal S2 are a same signal terminal.
[0065] In the driving circuit 1 provided by the embodi-
ments of the present disclosure, the pixel circuit 20 generates
a first driving signal, which is fed back to the control circuit
10, according to a first data signal and a first signal, the
control circuit 10 outputs another first data signal to the pixel
circuit 20 according to the first driving signal and a second
data signal, and the pixel circuit 20 generates another first
driving signal according to the another first data signal and
the first signal, and generates a second driving signal accord-
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ing to the another first data signal and a second signal. An
amplitude of the second driving signal is the same or
approximately the same as an amplitude of the another first
driving signal.

[0066] In this manner, in a process of the pixel circuit 20
generating the another first driving signal, the pixel circuit
20 and the control circuit 10 may form a conductive path,
and the control circuit 10 outputs the another first data signal
according to the fed back first driving signal and the second
data signal. In this case, the amplitude of the another first
driving signal output by the pixel circuit 20 is related to the
amplitude of the second data signal. Therefore, by control-
ling the magnitude of the second data signal, the driving
circuit 1 may control the magnitude of the another first data
signal, further control the magnitude of the another first
driving signal, and correspondingly control the magnitude of
the second driving signal, so that the amplitude of the
another first driving signal and the amplitude of the second
driving signal are both related to the amplitude of the second
data signal. Moreover, the driving signals (i.e., the another
first driving signal and the second driving signal) received
by the light-emitting device D have the same or approxi-
mately the same amplitude, so that the brightness of the
light-emitting device D may tend to be stable. Therefore,
when the light-emitting device D is working, the amplitude
of the another first driving signal and the amplitude of the
second driving signal passing through the light-emitting
device D may be controlled only by the amplitude of the
second data signal, so as to avoid a problem of non-uniform
display of the display panel caused by changes in perfor-
mance of transistors in different regions of the display panel.

[0067] Moreover, there is no need to set complicated
compensation algorithms in the display device in the
embodiments of the present disclosure or arrange compen-
sation circuits in the pixel circuits to compensate for the
threshold voltage or consistency of the transistors in the
sub-pixels, which simplifies the design of the product. In
addition, it is also possible to avoid a problem of non-
uniform display of the display panel caused by a charging
rate of each sub-pixel getting lower due to the charging time
of the sub-pixel being shortened since resolution and frame
rate of the display panel are improved.

[0068] Insome examples, the pixel circuit 20 is configured
to provide the another first driving signal with an amplitude
in direct proportion to an amplitude of the second data signal
to the light-emitting device D according to the first signal
and the another first data signal. That is, as the amplitude of
the second data signal increases, the amplitude of the
another first driving signal increases correspondingly, and as
the amplitude of the second data signal decreases, the
amplitude of the another first driving signal decreases cor-
respondingly. In this way, the amplitude of the another first
driving signal is related to the amplitude of the second data
signal, and the amplitude of the second driving signal is
equal or approximately equal to the amplitude of the another
first driving signal. Therefore, the amplitude of the second
driving signal is also related to the amplitude of the second
data signal. For example, the magnitude of a first driving
current and the magnitude of a second driving current may
be controlled by the magnitude of the second data signal. In
this way, it may avoid a problem that the uniformity of the
display panel is influenced by the difference of the driving
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signals received by the light-emitting devices D caused by
deviation in performance of transistors in different regions
of the display panel.

[0069] For example, as shown in FIGS. 5 and 14, the
control circuit 10 includes a current monitoring sub-circuit
101 and an output sub-circuit 102. The current monitoring
sub-circuit 101 is coupled to the at least one pixel circuit 20.
The output sub-circuit 102 is coupled to the second data
signal terminal DATA2, the current monitoring sub-circuit
101 and the at least one pixel circuit 20. As shown in FIG.
14, the current monitoring sub-circuit 101 may be further
coupled to the first signal terminal S1, and the output
sub-circuit 102 may be further coupled to the first data signal
terminal DATAT.

[0070] The current monitoring sub-circuit 101 is config-
ured to monitor the first driving signal, and output a third
signal to the output sub-circuit 102 according to the first
driving signal. For example, an amplitude of the third signal
is in direct proportional to the amplitude of the first driving
signal (e.g., the first driving current).

[0071] The output sub-circuit 102 is configured to output
the another first data signal to the pixel circuit 20 according
to the third signal from the current monitoring sub-circuit
101 and the second data signal received at the second data
signal terminal DATA2.

[0072] Insome examples, as shown in FIGS. 6 and 14, the
current monitoring sub-circuit 101 includes a resistor R and
a first amplifier U1. For example, the first amplifier U1 is an
operational amplifier. A first end of the resistor R is coupled
to the at least one pixel circuit 20. The first end of the resistor
R may be further coupled to the first signal terminal S1. A
first input terminal (i.e., an inverting input) of the first
amplifier U1 is coupled to the first end of the resistor R, and
a second input terminal (i.e., a non-inverting input) of the
first amplifier U1 is coupled to a second end of the resistor
R. For example, the resistor R may convert the first driving
signal, i.e., the first driving current, into a voltage, and the
first amplifier U1 outputs a third signal according to the
converted voltage.

[0073] The output sub-circuit 102 includes a second
amplifier U2. For example, the second amplifier U2 is an
operational amplifier. A first input terminal (i.e., an inverting
input) of the second amplifier U2 is coupled to an output
terminal of the first amplifier U1, a second input terminal
(i.e., a non-inverting input) of the second amplifier U2 is
coupled to the second data signal terminal DATA2, and an
output terminal of the second amplifier U2 is coupled to the
at least one pixel circuit 20. The output terminal of the
second amplifier U2 may be further coupled to the first data
signal terminal DATA1. For example, the second amplifier
U2 outputs the another first data signal to the pixel circuit 20
according to the third signal and the second data signal.
[0074] For example, since the current monitoring sub-
circuit 101, the output sub-circuit 102 and the pixel circuit
20 constitute a depth negative feedback loop related to the
current, a virtual circuit exists between the first input ter-
minal and the second input terminal of the second amplifier
U2. That is, a potential of the first input terminal of the
second amplifier U2 is equal to a potential of the second
input terminal of the second amplifier U2.

[0075] For example, if a current passing through the
resistor R in the current monitoring sub-circuit 101 is
represented as 1, a resistance of the resistor R is represented
as Rg, and an amplitude (i.e., a voltage) of the third signal
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output from the output terminal of the first amplifier U1 is
representedas V..., then V. =axIxR, where a is the
amplification factor of the first amplifier U1 In addition, an
amplitude (i.e., a voltage) of the second data signal received
by the second input terminal of the second amplifier U2 is
represented as V. ,. Since a virtual short exists between
the first input terminal and the second input terminal of the
second amplifier U2, that is, the amplitude V,,,,, of the
second data signal received by the second input terminal of
the second amplifier U2 is equal to the amplitude V_,,,..,..., of
the third signal received by the first input terminal of the
second amplifier U2 from the first amplifier U1, That is,
Voven=VY daraz- Lherefore, according to the formula
V orren=OXIXR, it can be obtained that =V, ./a'Rg, that
is, the current passing through the resistor R in the current
monitoring sub-circuit 101 is V,,, ./oR.

[0076] In this case, since the current passing through the
resistor R is equal to the amplitude of the first driving signal
(i.e., the first driving current), the amplitude of the first
driving signal is in direct proportion to the amplitude of the
second data signal. In this way, by controlling the amplitude
of the second data signal and selecting the amplification
factor of the first amplifier U1 the amplitude of the another
first driving signal and the amplitude of the second driving
signal may be controlled, so as to control the brightness of
the light-emitting device D. As a result, the magnitudes of
the another first driving signal and the second driving signal
received by the light-emitting device are independent of the
threshold voltage of the transistor in the pixel circuit 20,
thereby avoiding a problem of non-uniform brightness of the
light-emitting device D of the display panel due to the
threshold voltage of the transistor in the pixel circuit 20.
[0077] In some embodiments, as shown in FIG. 7, the
control circuit 10 further includes a voltage follower sub-
circuit 103. The voltage follower sub-circuit 103 is coupled
to the first signal terminal S1, the second signal terminal S2
and the at least one pixel circuit 20.

[0078] The voltage follower sub-circuit 103 is configured
to provide the first signal having a same amplitude as the
second signal to the pixel circuit 20 according to a previous
first signal from the first signal terminal S1 and the second
signal from the second signal terminal S2.

[0079] In this case, the first signal received by the pixel
circuit 20 and the second signal received by the pixel circuit
20 have the same amplitude. For example, the voltage of the
first signal received by the pixel circuit 20 is equal to the
voltage of the second signal received by the pixel circuit 20.
For example, the first signal terminal S1 is coupled to the
second signal terminal S2 through the voltage follower
sub-circuit 103.

[0080] It can be understood that, in a case where the pixel
circuit 20 is switched from a state of receiving the first signal
from the first signal terminal S1 to a state of receiving the
second signal from the second signal terminal S2, since
wiring manners of the first signal terminal S1 and the second
signal terminal S2 are different, the amplitude of the second
signal input to the second signal terminal S2 is different from
the first signal input to the first signal terminal S1, so that the
driving signal passing through the light-emitting device D
may also be changed. However, in the embodiments of the
present disclosure, through the voltage follower sub-circuit
103, the first signal actually received by the pixel circuit 20
and the second signal received by the pixel circuit 20 have
the same amplitude. Therefore, it is possible to avoid a
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problem that the luminance of the light-emitting device D is
non-uniform due to a difference between the amplitude of
the another first driving signal and the amplitude of the
second driving signal provided by the pixel circuit 20 to the
light-emitting device in the case where the pixel circuit 20
being switched from the state of receiving the first signal
from the first signal terminal S1 to the state of receiving the
second signal from the second signal terminal S2.

[0081] For example, as shown in FIG. 8, the voltage
follower sub-circuit 103 includes a third amplifier U3. A first
input terminal (i.e., an inverting input) of the third amplifier
U3 is coupled to the first signal terminal S1, a second input
terminal (i.e., a non-inverting input) of the third amplifier U3
is coupled to the second signal terminal S2, and an output
terminal of the third amplifier U3 is coupled to the first
signal terminal S1 and the pixel circuit 20. For example, the
output terminal of the third amplifier U3 is coupled to the
second end of the resistor R. In this way, the signal output
by the third amplifier U3 may be transmitted to the pixel
circuit 20 through the resistor R, so that the amplitude (i.e.,
the voltage) of the first signal received by the pixel circuit 20
is equal to the amplitude (i.e., the voltage) of the second
signal received by the pixel circuit 20.

[0082] For example, referring to FIG. 8, the current moni-
toring sub-circuit 101 is coupled to the pixel circuit 20 and
the first signal terminal S1, the voltage follower sub-circuit
103 is coupled to the current monitoring sub-circuit 101, and
the voltage follower sub-circuit 103 is coupled to the pixel
circuit 20 through the current monitoring sub-circuit 101.
For example, the output terminal of the third amplifier U3 is
coupled to the current monitoring sub-circuit 101. For
example, the output terminal of the third amplifier U3 is
coupled to the second end of the resistor R, and the first end
of the resistor R is coupled to pixel circuit 20. In this way,
the output terminal of the third amplifier U3 is coupled to the
pixel circuit 20 through the resistor R. In this case, the signal
output by the voltage follower sub-circuit 103 will pass
through the current monitoring sub-circuit 101 and reach the
pixel circuit 20, so that the first signal received by the pixel
circuit 20 and the second signal received by the pixel circuit
20 have the same amplitude.

[0083] Insomeembodiments, as shown in FIGS. 9 and 14,
the driving circuit 1 further includes at least one selection
circuit 30 coupled to the control circuit 10. A selection
circuit 30 is coupled to at least the scan signal terminal
GATE, the voltage follower sub-circuit 103 and the second
signal terminal S2. The selection circuit 30 is configured to
transmit the second signal from the second signal terminal
S2 to the voltage follower sub-circuit 103 in response to the
scan signal received at the scan signal terminal GATE.

[0084] For example, as shown in FIG. 10, the selection
circuit 30 includes a first transistor T1. A control electrode
of'the first transistor T1 is coupled to the scan signal terminal
GATE, a first electrode of the first transistor T1 is coupled
to the second signal terminal S2, and a second electrode of
the first transistor T1 is coupled to the voltage follower
sub-circuit 103. For example, the second electrode of the
first transistor T1 is coupled to the second input terminal of
the third amplifier U3.

[0085] In some embodiments, as shown in FIG. 11, the
selection circuit 30 is further coupled to the first signal
terminal S1. The selection circuit 30 is further configured to
transmit the previous first signal from the first signal termi-
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nal S1 to the voltage follower sub-circuit 103 in response to
the scan signal received at the scan signal terminal GATE.
[0086] For example, as shown in FIG. 12, the selection
circuit 30 further includes a second transistor T2 in addition
to the first transistor T1. A control electrode of the second
transistor T2 is coupled to the scan signal terminal GATE, a
first electrode of the second transistor T2 is coupled to the
first signal terminal S1, and a second electrode of the second
transistor T2 is coupled to the voltage follower sub-circuit
103. For example, the second electrode of the second
transistor T2 is coupled to the first input terminal of the third
amplifier U3.

[0087] For example, the at least one pixel circuit 20
coupled to the control circuit 10 includes multiple pixel
circuits 20 in a same column. That is, the pixel circuits 20
in the same column are coupled to a same control circuit 10.
For example, the at least one selection circuit 30 coupled to
the control circuit 10 includes multiple selection circuits 30.
Each selection circuit 30 is coupled to a respective one of the
multiple pixel circuits 20. In this case, the number of the
selection circuits 30 coupled to the control circuit 10 is, for
example, equal to the number of the pixel circuits 20
coupled to the control circuit 10. For example, the number
of pixel circuits 10 in the display panel 100 is equal to the
number of selection circuits 30 in the display panel 100.
[0088] In some embodiments, the driving circuit 1
includes a plurality of control circuits 10, a plurality of pixel
circuits 20, and a plurality of selection circuits 30. Each
control circuit 10 is coupled to at least one pixel circuit 20
and at least one selection circuit 30.

[0089] Insome examples, referring to FIG. 13, the driving
circuit 1 includes pixel circuits 20 of Q rows and M columns,
and M control circuits 10 (e.g., a control circuit 10 (1), . . .
, and a control circuit 10 (M)). Q and M are both positive
integers. For example, referring to FIG. 13, the pixel circuit
20 (1, 1) in the 1st column and the 1st row to the pixel circuit
20 (Q, 1) in the 1st column and the Q-th row are all coupled
to the 1st control circuit 10 (1); the pixel circuit 20 (1, 2) in
the 2nd column and the 1st row to the pixel circuit 20 (Q, 2)
in the 2nd column and the Q-th row are all coupled to the
2nd control circuit 10 (2); and so on; and the pixel circuit 20
(1, M) in the M-th column and the 1st row to the pixel circuit
20 (Q, M) in the M-th column and the Q-th row are all
coupled to the M-th control circuit 10 (M).

[0090] In some examples, a control circuit 10 may be
coupled to multiple pixel circuits 20 and multiple selection
circuits 30. For example, referring to FIG. 14, a control
circuit 10 is coupled to Q pixel circuits 20 (for example, the
pixel circuit 20 (1), the pixel circuit 20 (2), and the pixel
circuit 20 (Q)) in a same column, and each pixel circuit 20
is coupled to a selection circuit 30. For example, the pixel
circuit 20 (1) is coupled to the selection circuit 30 (1), the
pixel circuit 20 (2) is coupled to the selection circuit 30 (2),
and the pixel circuit 20 (Q) is coupled to the selection circuit
30 (0). That is, the control circuit 10 is also coupled to Q
selection circuits 30.

[0091] For example, the plurality of control circuits 10
(e.g., the control circuit 10 (1) to the control circuit 10 (M)
shown in FIG. 13) may all be included in the source driver.
For example, the selection circuit 30 may be included in the
sub-pixel. In this way, pixel circuits 20 and selection circuits
30 in a same column of sub-pixels are coupled to a same
control circuit 10. For the selection circuits 30 coupled to the
control circuit 10, one of the selection circuits 30 is selec-
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tively turned on, so that a pixel circuit 20 coupled to the
turned-on selection circuit 30 may exchange signals with the
control circuit 10 through the turned-on selection circuit 30.
[0092] In some examples, the display panel 100 further
includes first signal lines. A first signal line is coupled to a
control circuit 10 and first signal terminals S1, and the first
signal line is used for transmitting the first signal to the first
signal terminals S1. For example, each first signal line is
coupled to a respective control circuit 10 and corresponding
first signal terminals S1.

[0093] In some examples, the display panel 100 further
includes second signal lines. A second signal line is coupled
to second signal terminals S2, and the second signal line is
used for transmitting the second signal to the second signal
terminals S2. For example, each second signal line is
coupled to multiple second signal terminal S2.

[0094] It can be understood that since there are distributed
resistances on the first signal lines and the second signal
lines, each of the signal lines will produce a voltage drop
(i.e., IR drop) during signal transmission (i.e., current trans-
mission). In this case, for the plurality of sub-pixels P in the
display panel 100, during transmission of a first signal to a
sub-pixel through a first signal line and transmission of a
second signal to the sub-pixel through a second signal line,
amplitudes (for example, voltages) of the first signal and the
second signal will drop by a small value, and there may be
a certain difference between the first signal at the first signal
terminal and the second signal at the second signal terminal.
Therefore, the amplitudes of the first signals and the second
signals received by the pixel circuits 20 in the display panel
100 (for example, pixel circuits 20 in a same column) may
not be necessarily the same, which may easily cause non-
uniform display.

[0095] However, in the embodiments of the present dis-
closure, the first transistor T1 in the selection circuit 30 may
be turned on to connect the second signal terminal S2
coupled to the pixel circuit 30 to the voltage follower
sub-circuit 103 in the control circuit 10, so that an amplitude
of a signal transmitted to the second input terminal of the
third amplifier U3 in the voltage follower sub-circuit 103 is
equal to an amplitude of the second signal of the pixel circuit
30 received from the second signal terminal S2. The second
transistor T2 in the selection circuit 30 may be turned on to
connect the first signal terminal S1 coupled to the pixel
circuit 20 to the voltage follower sub-circuit 103 in the
control circuit 10, so that an amplitude of a signal transmit-
ted to the first input terminal S1 of the third amplifier U3 in
the voltage follower sub-circuit 103 is equal to an amplitude
of the first signal of the pixel circuit 20 received from the
first signal terminal S1. Moreover, since the first transistor
T1 and the second transistor T2 in the selection circuit 30 are
turned on simultaneously, the third amplifier U3 in the
voltage follower sub-circuit 103 may provide another first
signal having a same amplitude as the second signal to the
pixel circuit 20 according to the received first signal and
second signal, so that the amplitude of the another first
signal received by the pixel circuit 20 is equal to the
amplitude of the second signal received by the pixel circuit
20 from the second signal terminal S2. In this way, in a case
where the display panel 100 includes a plurality of sub-
pixels P and each sub-pixel P includes a pixel circuit 20, an
amplitude (i.e., voltage) of a first signal actually received by
each pixel circuit 20 and an amplitude (i.e., voltage) of a
second signal received by the pixel circuit 20 are equal.
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[0096] In addition, for example, first signal terminals S1
corresponding to pixel circuits 20 in a same column of
sub-pixels may be coupled to a same first signal line, first
signal terminals S1 corresponding to pixel circuits 20 in a
same row of sub-pixels P are coupled to different first signal
lines, and the different first signal lines are insulated from
each other. Second signal terminals S2 corresponding to
pixel circuits 20 in a same column of sub-pixels in the
display panel 100 are coupled to a same second signal line,
and second signal terminals S2 corresponding to pixel
circuits 20 in a same row of sub-pixels P in the display panel
100 are coupled to a same second signal line. All the second
signal lines are coupled with each other, and the second
signal lines may have a mesh structure.

[0097] In some examples, the display panel 100 further
includes third signal lines. A third signal line is coupled to
a third signal terminal S3 corresponding to a light-emitting
device D. For example, each third signal line is coupled to
a respective third signal terminal S3 coupled to a respective
light-emitting device D. Signals transmitted by the third
signal lines coupled to the third signal terminals S3 corre-
sponding to all the light-emitting devices D are the same.

[0098] In some embodiments, as shown in FIG. 15, the
pixel circuit 20 includes a driving sub-circuit 201, a writing
sub-circuit 202 and a light-emitting control sub-circuit 203.
The driving sub-circuit 201 is coupled to the light-emitting
device D, The writing sub-circuit 202 is coupled to the scan
signal terminal GATE, the first data signal terminal DATAI1,
the first signal terminal S1, the control circuit 10 and the
driving sub-circuit 201. The light-emitting control sub-
circuit 203 is coupled to the enable signal terminal EM, the
second signal terminal S2 and the driving sub-circuit 201.

[0099] The writing sub-circuit 201 is configured to trans-
mit the another first data signal received from the control
circuit 10 to the driving sub-circuit 201 in response to the
scan signal received at the scan signal terminal GATE, and
transmit the first signal to the driving sub-circuit 201 in
response to the scan signal received at the scan signal
terminal GATE. The driving sub-circuit 201 is configured to
provide the another first driving signal to the light-emitting
device D according to the another first data signal and the
first signal. For example, the another first driving signal may
be a first driving current. In this case, the light-emitting
device D may be driven to emit light by the another first
driving signal.

[0100] The light-emitting control sub-circuit 203 is con-
figured to transmit the second signal from the second signal
terminal S2 to the driving sub-circuit 201 in response to the
enable signal received at the enable signal terminal EM, The
driving sub-circuit 203 is further configured to provide the
second driving signal to the light-emitting device D accord-
ing to the another first data signal and the second signal. For
example, the second driving signal may be a second driving
current. In this case, the light-emitting device may be driven
to emit light by the second driving signal.

[0101] For example, as shown in FIG. 16, the driving
sub-circuit 201 includes a driving transistor DT and a
capacitor C. A control electrode of the driving transistor DT
is coupled to a first electrode of the capacitor C, a first
electrode of the driving transistor DT is coupled to a second
electrode of the capacitor C, and a second electrode of the
driving transistor DT is coupled to the light-emitting device
D.
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[0102] For example, as shown in FIG. 16, the writing
sub-circuit 202 includes a third transistor T3 and a fourth
transistor T4. A control electrode of the third transistor T3 is
coupled to the scan signal terminal GATE, a first electrode
of the third transistor T3 is coupled to the first data signal
terminal DATA1, and a second electrode of the third tran-
sistor T3 is coupled to the driving sub-circuit 201. For
example, the second electrode of the third transistor T3 is
coupled to the first electrode of the capacitor C. A control
electrode of the fourth transistor T4 is coupled to the scan
signal terminal GATE, a first electrode of the fourth tran-
sistor T4 is coupled to the first signal terminal S1 and the
control circuit 10, and a second electrode of the fourth
transistor T4 is coupled to the driving sub-circuit 201. For
example, the second electrode of the fourth transistor T4 is
coupled to the second electrode of the capacitor C.

[0103] For example, as shown in FIG. 16, the third tran-
sistor T3 in the writing sub-circuit 202 is turned on to write
a first data signal from the first data signal terminal DATA1
into the first electrode of the capacitor C, and the fourth
transistor T4 is turned on to write a previous first signal from
the first signal terminal S1 into the second electrode of the
capacitor C. In this way, a voltage of the control electrode of
the driving transistor DT in the driving sub-circuit 201 is a
voltage of the first data signal, and a voltage of the first
electrode of the driving transistor DT is the voltage of the
previous first signal. The driving transistor DT may obtain a
first driving signal, that is, a first driving current, according
to a voltage difference between the control electrode and the
first electrode, and the first driving signal may drive the
light-emitting device D to emit light. In this case, a first
current path is formed between the first signal terminal and
the third signal terminal.

[0104] The control circuit 10 may be coupled to the first
conductive path (or the first current path), provide a first
signal having a same amplitude as the second signal to the
pixel circuit 20, monitor the first driving signal (or the first
driving current), and provide another first data signal to the
pixel circuit 20 according to the first driving signal and the
second data signal. The driving transistor DT may obtain
another first driving signal, that is, another first driving
current, according to a voltage difference between the
another first data signal and the first signal having the same
amplitude as the second signal, and the another first driving
signal may drive the light-emitting device D to emit light, so
that the amplitude of the second driving signal (or second
driving current) obtained subsequently is equal or approxi-
mately equal to the amplitude of the another first driving
signal (or first driving current). Moreover, the control circuit
10 may also adjust the magnitude of the another first driving
signal, so that the amplitude of the another first driving
signal is in direct proportion to the amplitude of the second
data signal.

[0105] For example, as shown in FIG. 16, the light-
emitting control sub-circuit 203 includes a fifth transistor
T5. A control electrode of the fifth transistor T5 is coupled
to the enable signal terminal EM, a first electrode of the fifth
transistor T5 is coupled to the second signal terminal S2, and
a second electrode of the fifth transistor T5 is coupled to the
driving sub-circuit 201. For example, the second electrode
of the fifth transistor T5 is coupled to the first electrode of
the driving transistor DT, and is also coupled to the second
electrode of the capacitor C.



US 2021/0407434 Al

[0106] For example, the fifth transistor T5 in the light-
emitting control sub-circuit 203 is turned on to write the
second signal into the second electrode of the capacitor C,
In this way, the voltage of the control electrode of the driving
transistor DT in the driving sub-circuit 201 is still the
voltage of the another first data signal, the voltage of the first
electrode of the driving transistor DT is the voltage of the
second signal, and the driving transistor DT may obtain the
second driving signal, that is, the second driving current,
according to a voltage difference between the control elec-
trode and the first electrode. The second driving signal may
drive the light-emitting device D to emit light. In this case,
a second conductive path is formed between the second
signal terminal and the third signal terminal. The amplitude
of the second driving signal is equal to or approximately
equal to the amplitude of the another first driving signal.

[0107] It will be noted that, the transistors (e.g., the
driving transistor and the first to fifth transistors) used in the
driving circuit 1 provided by the embodiments of the present
disclosure may be enhancement transistors or depletion
transistors; or, may be thin film transistors (TFTs), field
effect transistors (FETs), metal-oxide-semiconductor field-
effect transistors (MOSFETs) or other switching devices
having the same characteristics, and the embodiments of the
present disclosure are not limited thereto.

[0108] In some embodiments, in the driving circuit 1, a
control electrode of each transistor is a gate, a first electrode
of the transistor is one of a source and a drain, and a second
electrode of the transistor is another one of the source and
the drain. Since the source and the drain of the transistor may
be symmetrical in structure, there may be no difference in
structure between the source and the drain. That is, the first
electrode and the second electrode of the transistor may be
the same in structure. For example, in a case where the
transistor is a P-type transistor, the first electrode of the
transistor is the source, and the second electrode thereof is
the drain. For example, in a case where the transistor is an
N-type transistor, the first electrode of the transistor is the
drain, and the second electrode thereof is the source. For
example, the transistors used in the above driving circuit 1
are all P-type transistors.

[0109] In the driving circuit 1 provided by the embodi-
ments of the present disclosure, specific implementation
manners of the circuits (e.g., the pixel circuits, the control
circuits and the selection circuits) and the sub-circuits (e.g.,
the current monitoring sub-circuits, the output sub-circuits,
the voltage follower sub-circuits, the driving sub-circuits,
the writing sub-circuits, and the light-emitting control sub-
circuits) are not limited to the manners described above, and
may be any implementation manner as used, such as a
conventional connection manner well known to a person
skilled in the art, as long as the realization of corresponding
functions may be guaranteed. The above examples do not
limit the protection scope of the present disclosure. In
practical applications, a person skilled in the art may choose
to use or not to use one or more of the above circuits
according to actual situations. Various combinations and
modifications based on the above circuits do not depart from
the principle of the present disclosure, and details are not
described herein again.

[0110] In the following, the operation process of the
driving circuit 1 will be described. For example, as shown in
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FIG. 13, the driving circuit 1 includes Q rows of pixel
circuits 20, and each control circuit 10 is coupled to a
column of pixel circuits 20.

[0111] Referring to FIGS. 13 and 17, for pixel circuits 20
of'the 1st row, a scan signal received by each pixel circuit is
GA(1), an enable signal received by each pixel circuit is
E(1), and a second data signal Da received by a correspond-
ing control circuit 10 is Da(1) segment; for the pixel circuits
of the 2nd row, a scan signal received by each pixel circuit
is GA(2), an enable signal received by each pixel circuit is
E(2), and a second data signal Da received by a correspond-
ing control circuit 10 is Da(2); and so on; and for the pixel
circuits of the Q-th row, a scan signal received by each pixel
circuit is GA(Q), an enable signal received by each pixel
circuit is E(Q), and a second data signal Da received by a
corresponding control circuit 10 is Da(Q), For example,
transistors in the driving circuit 1 are all P-type transistors.
[0112] In this case, referring to FIGS. 16 and 17, in a first
period P1, a first data signal received at the first data signal
terminal DATA1 is written into the pixel circuit 20 in
response to a scan signal (e.g., a low-level scan signal)
received at the scan signal terminal GATE. The selection
circuit 30 is turned on in response to the scan signal and
transmits a previous first signal from the first signal terminal
S1 and a second signal from the second signal terminal S2
to the control circuit 10, so that a first signal having a same
amplitude as the second signal from the second signal
terminal S2 is generated by the control circuit 10 according
to the previous first signal and the second signal. The pixel
circuit 20 receives the first signal and generates a first
driving signal according to the first signal and the first data
signal.

[0113] Then, the control circuit 10 monitors the first
driving signal, and outputs another first data signal to the
pixel circuit 20 according to the first driving signal and a
second data signal from the second data signal terminal
DATA2. The pixel circuit 20 generates another first driving
signal according to the first signal and the another first data
signal.

[0114] For example, in the first period P1, the third tran-
sistor T3 in the writing sub-circuit 202 is turned on in
response to a low-level scan signal received at the scan
signal terminal GATE. In this case, a first data signal from
the first data signal terminal DATA1 is written into the
driving sub-circuit 201. In addition, the first transistor T1
and the second transistor T2 in the selection circuit 30 are
turned on in response to the low-level scan signal received
at the scan signal terminal GATE. In this case, a first signal
having a same amplitude as a second signal from the second
signal terminal S2 is generated according to a previous first
signal from the first signal terminal S1 and the second signal.
Furthermore, the fourth transistor T4 in the writing sub-
circuit 202 is turned on in response to the low-level scan
signal received at the scan signal terminal GATE. In this
case, the first signal having the same amplitude as the second
signal is written into the driving sub-circuit 201. Potentials
of the first electrode of the driving transistor DT and the
second electrode of the capacitor C in the driving sub-circuit
201 are the potential of the first signal, and potentials of the
control electrode of the driving transistor DT and the first
electrode of the capacitor C are the potential of the first data
signal. The driving transistor DT generates a first driving
signal according to the first signal and the first data signal,
and transmits the first driving signal to the light-emitting
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device D. The fifth transistor T5 in the light-emitting control
sub-circuit 203 is in the off-state.

[0115] Next, the second amplifier U2 outputs another first
data signal to the driving sub-circuit 201 through the turned
on third transistor T3. In this case, the driving transistor DT
generates another first driving signal according to the first
signal and the another first data signal.

[0116] In this case, the current monitoring sub-circuit 101,
the output sub-circuit 102 and the voltage follower sub-
circuit 103 in the control circuit 10, the writing sub-circuit
202 and the driving sub-circuit 201 in the pixel circuit 20,
and the selection circuit 30 form a conductive path. The
voltage follower sub-circuit 103 may provide a first signal
having a same amplitude as the second signal to the driving
transistor DT according to a previous first signal from the
first signal terminal S1 and the second signal. The driving
transistor DT in the pixel circuit 20 generates a first driving
signal according to the first signal and the first data signal,
and the current monitoring sub-circuit 101 in the control
circuit 10 monitors the first driving signal. The current
monitoring sub-circuit 101 outputs a third signal according
to the first driving signal, and the output sub-circuit 102
outputs another first data signal to the driving transistor DT
according to the third signal and the second data signal Da.
[0117] In this case, the current monitoring sub-circuit 101,
the output sub-circuit 102 and the pixel circuit 20 form a
current depth negative feedback loop, and there exists virtual
short between the first input terminal and the second input
terminal of the second amplifier U2. That is, the potential of
the first input terminal of the second amplifier U2 is equal to
the potential of the second input terminal of the second
amplifier U2, that is, the third signal and the second data
signal have the same potential, and it can be obtained that the
amplitude of the another first driving signal is related to the
amplitude of the second data signal. For example, the
amplitude of the another first driving signal is in direct
proportion to the amplitude of the second data signal. In this
way, the amplitude of the another first driving signal may be
controlled by controlling the amplitude of the second data
signal, so that the another first driving signal received by the
light-emitting device D is independent of the threshold
voltage of the driving transistor DT.

[0118] In a second period P2, referring FIGS. 16 and 17,
in response to the enable signal received at the enable signal
terminal EM, the pixel circuit 20 provides a second driving
signal to the light-emitting device D according to the second
signal received at the second signal terminal S2 and the
another first data signal. In this case, the light-emitting
device D emits light according to the second driving signal.
[0119] In some examples, referring to FIG. 16, in response
to the enable signal received at the enable signal terminal
EM, the light-emitting control sub-circuit 203 transmits the
second signal received at the second signal terminal S2 to
the driving sub-circuit 201. The driving sub-circuit 201
provides a second driving signal to the light-emitting device
D according to the another first data signal and the second
signal.

[0120] For example, referring to FIG. 16, the fifth tran-
sistor T5 in the light-emitting control sub-circuit 203 is
turned on in response to the low-level enable signal received
at the enable signal terminal EM, and the fifth transistor T5
transmits the second signal received at the second signal
terminal S2 to the driving sub-circuit 201. In this case, the
second electrode of the capacitor C and the first electrode of
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the driving transistor DT have a same potential as the second
signal, and the first electrode of the capacitor C maintains
the potential of the previous period. That is, the potential of
the first electrode of the capacitor C is the potential of the
another first data signal, that is, the potential of the control
electrode of the driving transistor DT is the potential of the
another first data signal, Therefore, the driving transistor DT
in the driving sub-circuit 201 generates a second driving
signal according to the second signal and the another first
data signal, and transmits the second driving signal to the
light-emitting device D.

[0121] In addition, since the third transistor T3 and the
fourth transistor T5 in the writing sub-circuit 202, and the
first transistor T1 and the second transistor T2 in the
selection circuit 30 are all in the off-state, the control circuit
10 and the pixel circuit 20 do not form a conductive path. In
this case, the pixel circuit 20 may generate a second driving
signal according to the another first data signal written in the
previous period and the second signal, the amplitude of the
second driving signal is equal to or approximately equal to
the amplitude of the another first driving signal, and the
amplitude of the second driving signal is also related to the
amplitude of the second data signal. In this way, the ampli-
tude of the second driving signal may be controlled by
controlling the amplitude of the second data signal, so that
the second driving signal received by the light-emitting
device D is independent of the threshold voltage of the
driving transistor DT.

[0122] Therefore, for the display panel 100 including the
driving circuit 1 in the embodiments of the present disclo-
sure, a feedback mechanism, such as a driving signal feed-
back mechanism, that is, a driving current feedback mecha-
nism, is introduced in the display panel 100, so as to increase
the charging speed of the capacitor C in the pixel circuit 20.
Moreover, by controlling the amplitude of the driving signal
(or the driving current) in the pixel circuit 20, which is
related to the brightness of the light-emitting device, the
display uniformity of the display panel 100 is directly
compensated during the charging process of the capacitor C
in the pixel circuit 20, and thereby it is not necessary to
provide a compensation circuit with a complicated configu-
ration mechanism, and the circuit structure may be simpli-
fied. In the process of charging the capacitor C in the pixel
circuit 20, the amplitudes of the second signal and the first
signal in the display panel 100 are also compensated, so as
to avoid a problem of display brightness uniformity reducing
due to non-uniform voltage distribution in the display panel
in the signal transmission process.

[0123] Some embodiments of the present disclosure pro-
vide a driving method of a pixel circuit. For example, the
driving circuit is the driving circuit 1 in any of the above
embodiments. For example, referring to FIGS. 4 and 14, the
driving circuit 1 includes the control circuit 10 and the at
least one pixel circuit 20. Each pixel circuit 20 is coupled to
the scan signal terminal GATE, the first data signal terminal
DATA1, the second signal terminal S2, the enable signal
terminal EM, and the light-emitting device D; and the
control circuit 10 is coupled to the second data signal
terminal DATA2 and the at least one pixel circuit 20.
[0124] The driving method includes: writing, by the pixel
circuit 20, the first data signal received at the first data signal
terminal DATAL1 in response to the scan signal received at
the scan signal terminal GATE, generating, by the pixel
circuit 20, a first driving signal according to a first signal and
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the first data signal; monitoring, by the control circuit 10, the
first driving signal; providing, by the control circuit 10,
another first data signal to the pixel circuit 20 according to
the first driving signal and a second data signal received at
the second data signal terminal DATA2; providing, by the
pixel circuit 20, another first driving signal to the light-
emitting device D according to the first signal and the
another first data signal; and in response to an enable signal
received at the enable signal terminal EM, providing, by the
pixel circuit 20, a second driving signal to the light-emitting
device D according to a second signal received at the second
signal terminal S2 and the another first data signal. An
amplitude of the another first driving signal and an ampli-
tude of the second driving signal are equal or approximately
equal.
[0125] In some examples, the first signal and the second
signal are approximately identical.
[0126] It should be noted that, specific working conditions
of the driving method of the above driving circuit may be
referred to the description of the corresponding portion of
the driving circuit above, and details are not described herein
again.
[0127] In addition, the beneficial effects of the foregoing
driving method are the same as the beneficial effects of the
driving circuit described in any of the above embodiments,
and will not be described herein again.
[0128] The foregoing descriptions are merely some spe-
cific implementation manners of the present disclosure, but
the protection scope of the present disclosure is not limited
thereto, and changes or replacements that any person skilled
in the art could conceive of within the technical scope
disclosed by the present disclosure should be within the
protection scope of the present disclosure. Therefore, the
protection scope of the present disclosure shall be subject to
the protection scope of the claims.
What is claimed is:
1. A driving circuit; comprising:
at least one pixel circuit, each pixel circuit being coupled
to a scan signal terminal, a first data signal terminal, a
second signal terminal, and an enable signal terminal;
and
a control circuit coupled to a second data signal terminal
and the at least one pixel circuit, wherein
the pixel circuit is configured to write a first data signal
received at the first data signal terminal in response to
a scan signal received at the scan signal terminal; and
generate a first driving signal according to a first signal
and the first data signal;
the control circuit is configured to monitor the first driving
signal, and provide another first data signal to the pixel
circuit according to a second data signal received at the
second data signal terminal and the first driving signal,
and
the pixel circuit is configured to be further coupled to a
light-emitting device; and is further configured to:
provide another first driving signal to the light-emitting
device according to the first signal and the another first
data signal; and in response to an enable signal received
at the enable signal terminal, provide a second driving
signal to the light-emitting device according to a sec-
ond signal received at the second signal terminal and
the another first data signal, wherein an amplitude of
the another first driving signal and an amplitude of the
second driving signal are approximately equal.

Dec. 30, 2021

2. The driving circuit according to claim 1, wherein the
pixel circuit is configured to provide the another first driving
signal with an amplitude in direct proportion to an amplitude
ofthe second data signal to the light-emitting device accord-
ing to the first signal and the another first data signal.

3. The driving circuit according to claim 1, wherein the
control circuit includes:

a current monitoring sub-circuit coupled to the at least one
pixel circuit, wherein the current monitoring sub-circuit
is configured to monitor the first driving signal; and
output a third signal according to the first driving
signal; and

an output sub-circuit coupled to the at least one pixel
circuit, the second data signal terminal and the current
monitoring sub-circuit, wherein the output sub-circuit
is configured to output the another first data signal to
the pixel circuit according to the third signal from the
current monitoring sub-circuit and the second data
signal.

4. The driving circuit according to claim 3, wherein the
current monitoring sub-circuit includes a resistor and a first
amplifier, a first end of the resistor is coupled to the at least
one pixel circuit, a first input terminal of the first amplifier
is coupled to the first end of the resistor, and a second input
terminal of the first amplifier is coupled to a second end of
the resistor; and

the output sub-circuit includes a second amplifier, a first
input terminal of the second amplifier is coupled to an
output terminal of the first amplifier, a second input
terminal of the second amplifier is coupled to the
second data signal terminal, and an output terminal of
the second amplifier is coupled to the at least one pixel
circuit.

5. The driving circuit according to claim 3, wherein the
control circuit further includes a voltage follower sub-circuit
coupled to a first signal terminal, the second signal terminal
and the at least one pixel circuit; and the voltage follower
sub-circuit is configured to provide the first signal having a
same amplitude as the second signal to the pixel circuit
according to a previous first signal from the first signal
terminal and the second signal from the second signal
terminal.

6. The driving circuit according to claim 5, wherein the
voltage follower sub-circuit includes a third amplifier; a first
input terminal of the third amplifier is coupled to the first
signal terminal, a second input terminal of the third amplifier
is coupled to the second signal terminal, and an output
terminal of the third amplifier is coupled to the at least one
pixel circuit.

7. The driving circuit according to claim 5, wherein the
first signal terminal and the second signal terminal are
comprised in the driving circuit, and the first signal terminal
is coupled to the second signal terminal.

8. The driving circuit according to claim 5, further com-
prising at least one selection circuit coupled to the control
circuit, wherein

a selection circuit in the at least one selection circuit is
coupled to at least the scan signal terminal, the voltage
follower sub-circuit and the second signal terminal, and
the selection circuit is configured to transmit the second
signal from the second signal terminal to the voltage
follower sub-circuit in response to the scan signal
received at the scan signal terminal.



US 2021/0407434 Al

9. The driving circuit according to claim 8, wherein the
selection circuit includes a first transistor, a control electrode
of the first transistor is coupled to the scan signal terminal,
a first electrode of the first transistor is coupled to the second
signal terminal, and a second electrode of the first transistor
is coupled to the voltage follower sub-circuit.

10. The driving circuit according to claim 8, wherein the
selection circuit is further coupled to the first signal termi-
nal; and

the selection circuit is further configured to transmit the
previous first signal from the first signal terminal to the
voltage follower sub-circuit in response to the scan
signal received at the scan signal terminal.

11. The driving circuit according to claim 10, wherein the

selection circuit includes:

a first transistor, a control electrode of the first transistor
being coupled to the scan signal terminal, a first elec-
trode of the first transistor being coupled to the second
signal terminal, and a second electrode of the first
transistor being coupled to the voltage follower sub-
circuit; and

a second transistor, a control electrode of the second
transistor being coupled to the scan signal terminal, a
first electrode of the second transistor being coupled to
the first signal terminal, and a second electrode of the
second transistor being coupled to the voltage follower
sub-circuit.

12. The driving circuit according to claim 8, wherein the
at least one pixel circuit includes pixel circuits, and the at
least one selection circuit includes selection circuits, and
each selection circuit is coupled to a respective one of the
pixel circuits.

13. The driving circuit according to claim 1, wherein the
pixel circuit includes a driving sub-circuit, a writing sub-
circuit and a light-emitting control sub-circuit;

the writing sub-circuit is coupled to the scan signal
terminal, the control circuit and the driving sub-circuit,
and the writing sub-circuit is configured to transmit the
another first data signal from the control circuit to the
driving sub-circuit in response to the scan signal
received at the scan signal terminal, and transmit the
first signal to the driving sub-circuit in response to the
scan signal received at the scan signal terminal;

the light-emitting control sub-circuit is coupled to the
enable signal terminal, the second signal terminal and
the driving sub-circuit, and the light-emitting control
sub-circuit is configured to transmit the second signal
from the second signal terminal to the driving sub-
circuit in response to the enable signal received at the
enable signal terminal; and

the driving sub-circuit is configured to be coupled to the
light-emitting device, and is configured to provide the
another first driving signal to the light-emitting device
according to the another first data signal and the first
signal, and provide the second driving signal to the
light-emitting device according to the another first data
signal and the second signal.

14. The driving circuit according to claim 13, wherein the

driving sub-circuit includes a driving transistor and a capaci-
tor; a control electrode of the driving transistor is coupled to
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a first electrode of the capacitor; and a first electrode of the
driving transistor is coupled to a second electrode of the
capacitor, and a second electrode of the driving transistor is
configured to be coupled to the light-emitting device.

15. The driving circuit according to claim 13, wherein the
writing sub-circuit includes:

a third transistor, a control electrode of the third transistor
being coupled to the scan signal terminal, a first elec-
trode of the third transistor being coupled to the first
data signal terminal, and a second electrode of the third
transistor being coupled to the driving sub-circuit; and

a fourth transistor, a control electrode of the fourth
transistor being coupled to the scan signal terminal, a
first electrode of the fourth transistor being coupled to
the control circuit, and a second electrode of the fourth
transistor being coupled to the driving sub-circuit.

16. The driving circuit according to claim 13, wherein the
light-emitting control sub-circuit includes a fifth transistor;
a control electrode of the fifth transistor is coupled to the
enable signal terminal, a first electrode of the fifth transistor
is coupled to the second signal terminal, and a second
electrode of the fifth transistor is coupled to the driving
sub-circuit.

17. A display panel, comprising:

the driving circuit according to claim 1; and

a plurality of light-emitting devices coupled to the driving
circuit.

18. A display device, comprising the display panel accord-

ing to claim 17.

19. A driving method of a driving circuit, the driving
circuit including at least one pixel circuit and a control
circuit coupled to the at least one pixel circuit, the driving
method comprising:

writing, by each pixel circuit, a first data signal received
at a first data signal terminal in response to a scan signal
received at a scan signal terminal,

generating, by the pixel circuit, a first driving signal
according to a first signal and the first data signal;

monitoring, by the control circuit, the first driving signal;

providing, by the control circuit, another first data signal
to the pixel circuit according to the first driving signal
and a second data signal received at a second data
signal terminal;

providing, by the pixel circuit, another first driving signal
to a light-emitting device according to the first signal
and the another first data signal; and

in response to an enable signal received at an enable
signal terminal, providing, by the pixel circuit, a second
driving signal to the light-emitting device according to
a second signal received at a second signal terminal and
the another first data signal, wherein an amplitude of
the another first driving signal and an amplitude of the
second driving signal are approximately equal.

20. The driving method according to claim 19, wherein

the first signal and the second signal are approximately
identical.



