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PIXEL CIRCUIT AND DRIVING METHOD
THEREOF, AND DISPLAY APPARATUS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of the PCT application No. PCT/CN2019/080183, filed
on Mar. 28, 2019 and titled “PIXEL CIRCUIT AND DRIV-
ING METHOD THEREOF, AND DISPLAY APPARA-
TUS”, which claims the priority of the Chinese Patent
Application No. 201811137019.5, filed on Sep. 28, 2018
entitled “PIXEL CIRCUIT AND DRIVING METHOD
THEREOEF, AND DISPLAY APPARATUS”, and the con-
tents of the both applications are incorporated by reference
herein in their entireties.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of driving
pixels of Organic Light-Emitting Diode (OLED).

BACKGROUND

[0003] An organic light-emitting diode display is a display
provided with an organic light-emitting diode (OLED) as a
light-emitting device. In comparison with a thin film tran-
sistor-liquid crystal display (TFT-LCD), the OLED display
has advantages of high contrast, wide viewing angle, low
power consumption, small thickness, and the like. The
brightness level of the OLED is determined by a current
generated by driving a thin film transistor (TFT) circuit.
[0004] A driving method of a conventional active-matrix
organic light emitting diode (AMOLED) includes outputting
a data voltage from a data wire, and writing the data voltage
into the pixel circuit directly, thereby controlling the bright-
ness of the pixel.

SUMMARY

[0005] The various embodiments provided in the present
disclosure provide a pixel circuit, a driving method of the
pixel circuit, and a display apparatus.

[0006] A pixel circuit is provided, including: a transistor
T,, a transistor T,, a transistor T5, a transistor T,, a transistor
Ts, a transistor T, a transistor T, a capacitor C,, and an
organic light-emitting diode OLED; a control terminal of the
transistor T, is configured to input a first scanning signal; a
first electrode of the transistor T, is connected to a second
electrode of the transistor T;, a control terminal of the
transistor T, and a terminal of the capacitor C,; another
terminal of the capacitor C,; is connected to a second
electrode of the transistor T,, a second electrode of the
transistor T5 and a first electrode of the transistor T,; a
control terminal of the transistor Ty is configured to input a
light-emitting control signal, and a first electrode of the
transistor Ts is configured to input a first voltage supply
V pp; & second electrode of the transistor T, is configured to
input a reference voltage V, 5 and the second electrode of
the transistor T, is connected to a second electrode of the
transistor T,; a control terminal of the transistor T, is
configured to input a second scanning signal, and a first
electrode of the transistor T, is configured to input a data
voltage V,,,,; a control terminal of the transistor T; is
configured to input the second scanning signal, and a first
electrode of the transistor T; is connected to a second
electrode of the transistor T, and a first electrode of the
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transistor T; a control terminal of the transistor Ty is
configured to input the light-emitting control signal, and a
second electrode of the transistor T is connected to a first
electrode of the ftransistor T.; a control terminal of the
transistor T, is configured to input the first scanning signal,
and the first electrode of the transistor T, is connected to an
input terminal of the organic light-emitting diode OLED; an
output terminal of the organic light-emitting diode OLED is
configured to input a second voltage supply V..

[0007] Optionally, the transistor T, the transistor T,, the
transistor T, the transistor T, the transistor T, the transis-
tor T and the transistor T, are p-type transistors.
Optionally, the reference voltage V,,. is lower than the
second voltage supply V.

[0008] A driving method of the pixel circuit above is
provided. The driving method includes: in an initializing
phase, setting the first scanning signal to be a low level
signal, and setting the second scanning signal to be a high
level signal; initializing, by the reference voltage V., an
anode of the organic light-emitting diode OLED and the
control terminal of the transistor T ; in a storing phase,
setting the first scanning signal and the light-emitting control
signal to be high level signals, and setting the second
scanning signal to be a low level signal; writing, by the data
voltage V ,,,., a compensating voltage into the capacitor C;
in a light emitting phase, setting the first scanning signal and
the second scanning signal to be high level signals, and
setting the light-emitting control signal to be a low level
signal; applying the first voltage supply Vp, to the organic
light-emitting diode OLED, so that the organic light-emit-
ting diode OLED emits light.

[0009] Optionally, in the initializing phase, the light-emit-
ting control signal is a high level signal.

[0010] Optionally, in the initializing phase, the light-emit-
ting control signal is a low level signal.

[0011] Optionally, the initializing phase comprises a first
initializing phase and a second initializing phase; in the first
initializing phase, setting the first scanning signal and the
light-emitting control signal to be low level signals, and
setting the second scanning signal to be a high level signal,
controlling, by the light-emitting control signal, the transis-
tor T and the transistor T, to turn on; and controlling, by the
first scanning signal, the transistor T, to turn on; in the
second initializing phase, setting the first scanning signal to
be a low level signal, and setting the second scanning signal
and the light-emitting control signal to be high level signals;
controlling, by the light-emitting control signal, the transis-
tor T and the transistor T, to be off; and controlling, by the
first scanning signal, the transistor T, to turn on.

[0012] Optionally, in the storing phase, the driving method
further comprising: controlling, by the light-emitting control
signal, the transistor T to be off; controlling, by the second
scanning signal, the transistor T, to turn on; and a potential
of the first electrode of the transistor T, being equal to the
data voltage V ,, ; a potential of the control terminal of the
transistor T, being equal to V., —IV,,|.

[0013] Optionally, in the light emitting phase, the driving
method further comprising: controlling, by the light-emit-
ting control signal, the transistor T to turn on; controlling,
by the first scanning signal, the transistor T, to be off; and
controlling, by the second scanning signal, the transistor T,
to be off; the potential of the first electrode of the transistor
T, being equal to the first voltage supply V ,,; the potential
of the control terminal of the transistor T, being equal to
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V gara=| Vi (Y 5=V 1.20); Wherein 1) is a voltage division
ratio coeflicient determined by a capacitance of the capacitor
C, and a capacitance of capacitor C,, and a sum of the
capacitance of the capacitor C, and the capacitance of the
capacitor C, is an overall capacitance at the control terminal
of the transistor T,.

[0014] A display apparatus is provided, including the pixel
circuit of any one of the above-mentioned embodiments.
[0015] In view of the above-mentioned pixel circuit, the
driving method of the pixel circuit, and the display appara-
tus, the pixel circuit includes the transistor T,, the transistor
T,, the transistor T, the transistor T,, the transistor T, the
transistor T, the transistor T,, the capacitor C,, and the
organic light-emitting diode OLED. In the initializing phase,
the reference voltage V, . is applied to the anode of the
organic light-emitting diode OLED through the transistor
T,, thereby realizing the initialization of the anode of the
organic light-emitting diode OLED. The reference voltage
V,.r 15 applied to the control terminal of the transistor T,
through the transistor T,, thereby initializing the control
terminal of the transistor T . In the light emitting phase, the
light-emitting control signal controls the transistor T to turn
on, the potential of the first electrode of the transistor T, is
changed from the data voltage V,,,, to the first voltage
supply V. The transistor T, and the transistor T, are off,
the charge of the capacitor C, remains constant, and the
potential of the control terminal of the transistor T, is
Changed from Vdata_lvthl to Vdata_lvthl'l'n (VDD_Vdam)S
therefore the coeflicient in the formula for the current
flowing through the organic light-emitting diode OLED is
(n-1), wherein 1) is approximate to 1. Therefore there can be
a greater difference between the values of the data voltages
V 1.0 Lespectively corresponding to adjacent gray scales,
thereby solving the technical problem that the gray scales
cannot be easily spread.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a circuit diagram of a pixel circuit of an
embodiment of the present disclosure;

[0017] FIG. 2 is a circuit diagram of a pixel circuit with
p-type thin film transistors, of an embodiment of the present
disclosure;

[0018] FIG. 3 is a timing diagram of a driving method of
an embodiment of the present disclosure;

[0019] FIG. 4 is a timing diagram of a driving method of
an embodiment of the present disclosure;

[0020] FIG. 5 is a timing diagram of a driving method of
an embodiment of the present disclosure;

[0021] FIG. 6 is a structural diagram of a display apparatus
of an embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] In order to make the objectives, features, and
advantages of the present disclosure more apparent and
comprehensible, the specified embodiments of the present
disclosure will be illustrated in detail in combination with
the drawings. The specified details illustrated below facili-
tate the understanding of the present disclosure. However,
the present disclosure can be implemented in many manners
other than these described herein. Those skilled in the art can
make similar improvements without departing from the
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contents of the present disclosure. Therefore, the present
disclosure is not limited to the specific embodiments dis-
closed below.

[0023] In an embodiment, referring to FIG. 1, the present
disclosure provides a pixel circuit. The pixel circuit includes
atransistor T, a transistor T, a transistor T, a transistor T,,
atransistor T, a transistor Ty, a transistor T, a capacitor C,,
and an organic light-emitting diode (OLED). Each transistor
from the transistor T, to the transistor T, has a control
terminal, a first electrode, and a second electrode.

[0024] Specifically, a control terminal of the transistor T,
is connected to a first scanning signal terminal, and is
configured to input a first scanning signal SCAN1 transmit-
ted through a first scanning signal wire. A first electrode of
the transistor T, is connected to a second electrode of the
transistor T, a control terminal of the transistor T, and a
terminal of the capacitor C,. Another terminal of the capaci-
tor C, is connected to a second electrode of the transistor T,
a second electrode of the transistor Ts, and a first electrode
of the transistor T,.

[0025] The control terminal of the transistor Tsis con-
nected to a light emitting control terminal, and is configured
to input a light-emitting control signal EM transmitted
through a light emitting control wire. The first electrode of
the transistor T is connected to a first power supply, and is
configured to input a first voltage supply V.

[0026] The second electrode of the transistor T, is con-
figured to input a reference voltage V, , and is connected to
the second electrode of the transistor T.

[0027] The control terminal of the transistor T, is config-
ured to input a second scanning signal SCAN2. The first
electrode of the transistor T, is configured to input a data
voltage V. ..

[0028] The control terminal of the transistor T, is con-
nected to a second scanning signal terminal, and is config-
ured to input a second scanning signal SCAN2 transmitted
through a second scanning signal wire. The first electrode of
the transistor T, is connected to the second electrode of the
transistor T, and the first electrode of the transistor Tg.
[0029] The control terminal of the transistor T, is con-
nected to the light emitting control terminal, and is config-
ured to input the light-emitting control signal EM transmit-
ted through the light emitting control wire. The second
electrode of the transistor T, is connected to the first elec-
trode of the transistor T-.

[0030] The control terminal of the transistor T, is con-
nected to the first scanning signal terminal, and is configured
to input the first scanning signal SCAN1 transmitted through
the first scanning signal wire. The first electrode of the
transistor T, is connected to the input terminal of the organic
light-emitting diode OLED.

[0031] The output terminal of the organic light-emitting
diode OLED is configured to input a second voltage supply
Vs

[0032] The transistor T,, transistor T, transistor T, tran-
sistor T, transistor T, and transistor T, are switching
transistors in the pixel circuit. The transistor T, is a driving
transistor in the pixel circuit. The capacitor C, is an energy
storage capacitor, which is connected between the control
terminal of the transistor T, and the first electrode of the
transistor T .

[0033] In this embodiment, the first scanning signal
SCAN1 controls the transistor T, and the transistor T, to turn
off or to turn on. The second scanning signal SCAN2
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controls the transistor T, and transistor T; to turn off or to
turn on. The light-emitting control signal EM controls the
transistor T to turn off or to turn on. The light-emitting
control signal EM controls the transistor T, to turn off or turn
on. When the transistor T, turns on, the reference voltage
V.. initializes the control terminal of the transistor T,
through the transistor T,. When the transistor T, is turned on,
the reference voltage V- initializes the anode of the light-
emitting diode OLED through the transistor T.. When the
transistor T turns on, the electrode plate of the capacitor C,,
which is connected to the second electrode of the transistor
Ts, is initialized. When the transistor T, and the transistor T
turn on, the data voltage V,, is applied to the gate of the
driving transistor T, through the transistor T,, the transistor
T,, and the transistor T;. When the transistor T5 and the
transistor T turn on, the first voltage supply V,, is applied
to the organic light-emitting diode OLED through the tran-
sistor T, the transistor T, and the transistor T, so that the
organic light-emitting diode OLED emits light.

[0034] Optionally, the transistor T,, the transistor T,, the
transistor T, the transistor T, the transistor T, the transis-
tor Tg, and the transistor T, can be any one of a low-
temperature polysilicon thin film transistor, an oxide semi-
conductor thin film transistor, and an amorphous silicon thin
film transistor. The transistor T,, the transistor T,, the
transistor T;, the transistor T, the transistor Ts, the transis-
tor Tg, and the transistor T, can be p-type transistors, or
n-type transistors. When the transistor in the pixel circuit is
a p-type transistor, a low level signal is input to the control
terminal of the transistor which will turn on. When the
transistor in the pixel circuit is an n-type transistor, a high
level signal is input to the control terminal of the transistor
which will turn on.

[0035] Referring to FIG. 2, in an embodiment of the pixel
circuit provided by the present disclosure, the transistor T,
transistor T,, transistor T, transistor T, transistor T, tran-
sistor T, and transistor T, are p-type transistors. The control
terminals can be gates of the transistor T to the transistor T,.
The first electrodes can be the sources of the transistor T, to
the transistor T,. The second electrodes can be the drains of
the transistor T, to the transistor T.

[0036] Optionally, the reference voltage V,, ,is lower than
the second voltage supply V.. In a light emitting phase, the
first voltage supply Vp, is applied to the organic light-
emitting diode OLED through the transistor Tj, the transis-
tor T,, and the transistor T4, so that the organic light-
emitting diode OLED emits light. The forward current
flowing through the organic light emitting diode OLED will
cause the accumulation of holes and the movement of
indium ions in indium tin oxide, accelerating the aging of the
organic light emitting diode OLED. In an initializing phase,
by means of setting the reference voltage V, . to be lower
than the second voltage supply V. , the organic light-
emitting diode OLED is biased reversely, thereby compen-
sating the aging caused in the light emitting phase, and
prolonging the service life of the organic light-emitting
diode OLED.

[0037] Optionally, the present disclosure provides a driv-
ing method of a pixel circuit based on any one of the
above-mentioned embodiments. The driving method
sequentially includes the following steps.

[0038] In an initializing phase t1, the first scanning signal
SCAN1 is a low level signal, and the second scanning signal
SCAN2 is a high level signal. The reference voltage V. is
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configured to initialize the anode of the organic light-
emitting diode OLED and the control terminal of the tran-
sistor T .

[0039] In a storing phase t2, the first scanning signal
SCAN1 and the light-emitting control signal EM are high
level signals, and the second scanning signal SCAN2 is a
low level signal. The data voltage V.. is configured to
write a compensating voltage into the capacitor C,.

[0040] Inalightemitting phase t3, the first scanning signal
SCANI1 and the second scanning signal SCAN2 are both
high level signals, and the light-emitting control signal EM
is the low level signal. The first voltage supply V., is
configured to be applied to the organic light-emitting diode
OLED, so that the organic light-emitting diode OLED emits
light.

[0041] Referring to FIG. 3, FIG. 3 is a timing graph of
signals corresponding to the driving method, wherein the
timing graph of signals includes the initializing phase t1, the
storing phase t2, and the light emitting phase t3. The
working process is specified as follows.

[0042] 1In the initializing phase t1, the first scanning signal
SCANT1 is the low level signal, and the transistor T,, the
transistor T,, and the transistor T, turn on. The reference
voltage V- initializes the anode of the organic light-emit-
ting diode OLED and the control terminal of the transistor
T,. The potential of the second electrode plate of the
capacitor C,, which is connected to the control terminal of
the transistor T}, is equal to the reference voltage V. The
second scanning signal SCAN2 is the high level signal, and
the transistor T, and the transistor T, are off. When the
light-emitting control signal EM is a high level signal, the
transistor T5 and the transistor T, are off, and no driving
current flows through the organic light-emitting diode
OLED, thus the organic light-emitting diode OLED does not
emit light. When the light-emitting control signal EM is a
low level, the transistor T5 and the transistor T, turn on.
Since the transistor T, turns on, a current path is formed, and
the current path is from a power supply terminal providing
the first voltage supply Vpp, via the transistor Ts, the
transistor T,, the transistor Tg, and the transistor T, to a
power supply terminal providing the reference voltage V.
Moreover, no driving current flows through the organic
light-emitting diode OLED, so the organic light-emitting
diode OLED does not emit light.

[0043] In the storing phase t2, the first scanning signal
SCANT1 and the light-emitting control signal EM are both
high level signals, and the transistor T, the transistor T, the
transistor Tg, and the transistor T, are off. The second
scanning signal SCAN2 is the low level signal, and the
transistor T, and the transistor T turn on. The potential of
the first electrode of the transistor T, is equal to the data
voltage V.. The potential of the control terminal of the
transistor T is equal to V ;,, IV |, wherein V , is a thresh-
old voltage of the transistor T,. Specifically, the light-
emitting control signal EM controls the transistor T to be
off, and the second scanning signal SCAN2 controls the
transistor T, to turn on. The potential of the first electrode of
the transistor T, is equal to the data voltage V. The
potential of the control terminal of the transistor T, is equal
to V,,..—IV,1. The first electrode of the transistor T, is
connected to the first electrode plate of the capacitor C,. The
control terminal of the transistor T, is connected to the
second electrode plate of the capacitor C,. The potential of
the first electrode plate of the capacitor C, is equal to the
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data voltage V. The potential of the second electrode
plate of the capacitor C, is equal to V-1V, thereby
writing the compensating voltage |V,,| into the capacitor C;.
[0044] In the light emitting phase t3, the first scanning
signal SCAN1 and the second scanning signal SCAN2 are
both high level signals, and the transistor T,, the transistor
T,, the transistor T, and the transistor T; are off. The
light-emitting control signal EM is the low level signal, and
the transistor T, and the transistor T, turn on. The first
voltage supply Vp, 1s applied to the organic light-emitting
diode OLED through the transistor T, the driving transistor
T,, and the transistor T, so that the organic light-emitting
diode OLED emits light.

[0045] Specifically, the first electrode plate of the capaci-
tor C, is connected to the first electrode of the transistor T,
and the second electrode plate of the capacitor C, is con-
nected to the control terminal of the transistor T,. The
light-emitting control signal EM controls the transistor Ts to
turn on. The potential of the first electrode plate of the
capacitor C, is equal to the first voltage supply Vpp. In the
storing phase t2, when the potential of the first electrode
plate of the capacitor C, is equal to V,,,, the potential
variation value of the first electrode plate of the capacitor C,
is Vpp—V 4., Among overall capacitance at a node of the
control terminal of the transistor T,, other capacitance
excluding the capacitance of the capacitor C, is represented
by capacitance of a capacitor C,. The voltage division effect
of the capacitor C, further affects the potential of the second
electrode plate of the capacitor C,, and the potential of the
second electrode plate of the capacitor C, is equal to
V zata= Vi M (Vop—V 4.0), Wherein 1) is a voltage division
ratio coeflicient determined by the capacitance of the capaci-
tor C, and the capacitor C,. The sum of the capacitor C, and
the capacitance of the capacitor C, is the overall capacitance
at the node between the control terminal of the transistor T,
and the capacitor C,.

[0046] In this embodiment, the potential of the first elec-
trode of the transistor T, is changed from the data voltage
V juta t0 the first voltage supply V5. The transistor T and
the transistor T, are off, and the charge of the capacitor C,
remains constant, and the potential of the control terminal of
the transistor T, is changed from V,,~IV | t0 V.~V I+
NV pp=V 1410), therefore the coefficient in the formula for
the current flowing through the organic light-emitting diode
OLED is (n-1), wherein 1 is approximate to 1. Therefore
there can be a greater difference between the values of the
data voltages V ,,, respectively corresponding to adjacent
gray scales. The data voltages corresponding to the adjacent
gray scales can be precisely controlled, thereby solving the
technical problem that the gray scales cannot be easily
spread.

[0047] Optionally, referring to FIG. 4, FIG. 4 is a timing
graph of signals corresponding to the driving method,
wherein the light-emitting control signal EM is the low
level. The timing graph of signals includes the initializing
phase t1, the storing phase t2, and the light emitting phase
t3. The working process of the initializing phase t1 is as
follows.

[0048] The first scanning signal SCAN1 is the low level
signal, and the transistor T,, the transistor T,, and the
transistor T, turn on. The reference voltage V., - initializes
the anode of the organic light-emitting diode OLED and the
control terminal of the transistor T,. The potential of the
second electrode plate of the capacitor C,, which is con-
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nected to the control terminal of the transistor T, is equal to
the reference voltage V. The second scanning signal
SCAN2 is the high level signal, and the transistor T, and the
transistor T are off. The light-emitting control signal EM is
the low level.

[0049] On the one hand, the transistor T and the transistor
T, turn on. Since the transistor T, the transistor T, and the
transistor T turn on, a current path is formed, which is from
the power supply terminal providing the first voltage supply
V pps Via the transistor T, the transistor T, the transistor T,
and the transistor T, to the power supply terminal providing
the reference voltage V, . Moreover, no driving current
flows through the organic light-emitting diode OLED, there-
fore the organic light-emitting diode OLED does not emit
light.

[0050] On the other hand, the light-emitting control signal
EM controls the transistor T to turn on, and the first voltage
supply V5, initializes the first electrode plate of the capaci-
tor C,, which is connected to the first electrode of the
transistor T,. Therefore, the potential of the first electrode
plate of the capacitor C,, which is connected to the second
electrode of the transistor Ts, is equal to the first voltage
supply V,p, and the potential of the second electrode plate
of the capacitor C;, which is connected to the control
terminal of the transistor T, is equal to the reference voltage
V,.» Thus it is realized that the capacitor C, has the same
state in time of each image frame after the capacitor C, is
initialized, thereby ensuring the accuracy of the light emit-
ting control.

[0051] The working processes of the storing phase t2 and
the light emitting phase t3 are the same as the working
process corresponding to the timing graph of signals shown
in FIG. 3, which will not be described herein repeatedly.
[0052] Optionally, the initializing phase includes a first
initializing phase and a second initializing phase. Referring
to FIG. 5, FIG. 5 1s a timing graph of signals corresponding
to the driving method, wherein the timing graph of signals
includes the first initializing phase t1, the second initializing
phase t2, the storing phase t3, and the light emitting phase
4. The working processes of the first initializing phase t1
and the second initializing phase t2 are as follows.

[0053] In the first initializing phase t1, the first scanning
signal SCAN1 and the light-emitting control signal EM are
both the low level signals, and the second scanning signal
SCAN2 is the high level signal. The first scanning signal
SCANT1 controls the transistor T, to turn on, and the light-
emitting control signal controls the transistor T5 and the
transistor T to turn on. Since the transistor T, the transistor
Ts, and the transistor Ty turn on, a current path is formed,
which is from the power supply terminal providing the first
voltage supply V,p, via the transistor T, the transistor T,
the transistor Ty, and the transistor T, to the power supply
terminal providing the reference voltage V, . Moreover, the
light-emitting control signal EM controls the transistor T to
turn on, and the first voltage supply V, initializes the first
electrode plate of the capacitor C,, which is connected to the
first electrode of the transistor T,. Therefore, the potential of
the first electrode plate of the capacitor C,, which is con-
nected to the second electrode of the transistor T, is equal
to the first voltage supply V,p, and the potential of the
second electrode plate of the capacitor C,, which is con-
nected to the control terminal of the transistor T, is equal to
the reference voltage V,.. Thus it is realized that the
capacitor C, has the same state in time of each image frame
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after the capacitor C, is initialized, thereby ensuring the
accuracy of the light emitting control.

[0054] In the second initializing phase, the first scanning
signal SCAN1 is the low level signal, and the second
scanning signal SCAN2 and the light-emitting control signal
EM are both the high level signals. The light-emitting
control signal controls the transistor T and the transistor T,
to be off. Specifically, in the second initializing phase, the
light-emitting control signal EM is changed from the low
level signal to the high level signal, thus reducing the time
of the current flowing through the transistor T, the transistor
T,, the transistor Tgand the transistor T,, reducing the
consumption, and slowing down the aging of the driving
transistor T, as well, thereby prolonging the service life of
the driving transistor T,.

[0055] The working processes of the storing phase t3 and
the light emitting phase t4 are the same as the working
processes corresponding to the timing graph of signals
shown in FIG. 3, which will not be described herein repeat-
edly.

[0056] Optionally, referring to FIGS. 2 to 5, FIG. 5 is the
timing graph of signals corresponding to the driving method,
wherein the timing graph of signals includes the first ini-
tializing phase t1, the second initializing phase t2, the
storing phase (3, and the light emitting phase t4. The
working processes are specified as follows.

[0057] In the first initializing phase t1, the first scanning
signal SCANI is the low level signal, and the transistor T,
turns on, and the reference voltage V, _-initializes the gate of
the transistor T,. The transistor T, turns on, and the reference
voltage V. initializes the anode of the light-emitting diode
OLED. The light-emitting control signal EM is the low level
signal, and the transistor T and the transistor T turn on, and
the first voltage supply V,, initializes the first electrode
plate of the capacitor C,, which is connected to the source
of the transistor T,. Therefore, the potential of the first
electrode plate of the capacitor C,, which is connected to the
drain of the transistor T, is equal to the first voltage supply
V5o, and the potential of the second electrode plate of the
capacitor C,, which is connected to the control terminal of
the transistor T}, is equal to the reference voltage V. Thus
it is realized that the capacitor C, has the same state in time
of each image frame after the capacitor C, is initialized,
thereby ensuring the accuracy of the light emitting control.
[0058] Since the transistor T, the transistor Ts, and the
transistor T 5 turn on, a current path is formed, which is from
the power supply terminal providing the first voltage supply
V 5, via the transistor T, the transistor T, the transistor T,
and the transistor T, to the power supply terminal providing
the reference voltage V,,; thereby ensuring the light-emit-
ting diode OLED not to emit light.

[0059] In the second initializing phase, the first scanning
signal SCAN1 is the low level signal, and the second
scanning signal SCAN?2 and the light-emitting control signal
EM are both the high level signals. The light-emitting
control signal controls the transistor Ts and the transistor T
to be off. Specifically, in the second initializing phase, the
light-emitting control signal EM is changed from the low
level signal to the high level signal, thus reducing the time
of the current flowing through the transistor T, the transistor
T,, the transistor T, and the transistor T,, reducing the
consumption, and slowing down the aging of the driving
transistor T, thereby prolonging the service life of the
driving transistor T,.
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[0060] 1In the storing phase t2, the first scanning signal
SCAN1 and the light-emitting control signal EM are both
the high level signals, and the transistor T, the transistor Ts,
the transistor T, and the transistor T, turn off. The second
scanning signal SCAN2 is the low level signal, and the
transistor T, and the transistor T; turn on. The data voltage
V e 18 applied to the source of the transistor T, through the
transistor T,, till the transistor T, is in a critical state. The
potential of the source of the transistor T, is equal to the data
voltage V .., and the potential of the gate of the transistor
T, is equalto V. ~IV,,|. Since the gate of the transistor T,
and the source of the transistor T are respectively connected
to the two electrode plates of the capacitor C,, the compen-
sating voltage |V, | is written into the capacitor C,.

[0061] At this time, the gate voltage of the transistor T, is
V usa= V!, wherein V,, is the threshold voltage of the
transistor T;, and the value of the threshold voltage is
negative, thus the gate voltage of the transistor T, is V ,, +
Vi

[0062] In the light emitting phase t3, the first scanning
signal SCAN1 and the second scanning signal SCAN2 are
both the high level signals, and the transistor T,, the tran-
sistor T, are turned off, the transistor T, and the transistor T,
turn off. The light-emitting control signal EM is the low
level signal, and the transistor T5 and the transistor T turn
on. The first voltage supply V, 1s applied to the organic
light-emitting diode OLED through the transistor Ts, the
driving transistor T, and the transistor T, so that the
organic light-emitting diode OLED emits light.

[0063] The first electrode plate of the capacitor C, is
connected to the source of the transistor T,, and the second
electrode plate of the capacitor C, is connected to the gate
of the transistor T, thus the potential of the first electrode
plate of the capacitor C, is equal to the potential of the
source of the transistor T,, and the potential of the second
electrode plate of the capacitor C, is equal to the potential of
the gate of the transistor T . The light-emitting control signal
EM controls the transistor T to turn on, and the potential of
the source of the transistor T, is equal to the first voltage
supply Vp, and the potential of the first electrode plate of
the capacitor C, is equal to the first voltage supply V.
[0064] The transistor T, is off, therefore the charge of the
capacitor C, remains constant, and the voltage difference
between the two electrode plates of the capacitor C, also
remains constant, that is, the potential of the first electrode
plate of the capacitor C, varies along with the potential
variation of the second electrode plate of the capacitor C,.
[0065] In the storing phase t2, the potential of the first
electrode plate of the capacitor C, is equal to V.
[0066] Within the time period from the storing phase t2 to
the light emitting phase t3, the potential variation value of
the first electrode plate of the capacitor C, is V5=V 1.0
[0067] Among overall capacitance at a node of the gate of
the transistor T,, other capacitance excluding the capaci-
tance of the capacitor C, is represented by capacitance of a
capacitor C,. Since the voltage division effect of the capaci-
tor C, further affects the potential of the second electrode
plate of the capacitor C,, the potential of the second elec-
trode plate of the capacitor , is equal to V ;,,+V ,+N(V 5=
Via):

[0068] Wherein n=c,/(c,+c,), that is, 1] is a voltage divi-
sion ratio coeflicient determined by the capacitance ¢, of the
capacitor C, and the capacitance ¢, of the capacitor C,. The
sum of the capacitance ¢, of the capacitor C, and the
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capacitance c, of the capacitor C, is the overall capacitance
at the node between the control terminal of the transistor T
and the capacitor C,.
[0069] The second electrode plate of the capacitor C, is
connected to the gate of the transistor T,, thus the potential
of the gate of the transistor T, is equal to V ;,,,~IV,;,l4n
(VDD_Vdata)‘
[0070] The gate-to-source voltage drop of the transistor T,
is:

VeV Vs

Ve Vaara® VNV oo~V aia) Vo3

Vgs:(n_ Ux(Vpp=Vgara)+ Vs

[0071] The driving current flowing through the transistor
T, is:

I :KX(Vgs_ Vth)z =Kx(n- 1)2X(VDD‘ Vdam)za
[0072] wherein, K=VaxuxC_xW/L; n is the electron

mobility of the thin-film transistor; C_, is the gate oxide
capacitance per unit area of the thin-film transistor; W is the
channel width of the thin-film transistor; and L is the channel
length of the thin-film transistor.

[0073] Therefore, the driving current flowing through the
first transistor T, is:

T=Yxux Co x WX (-1P% Vo=V g

[0074] In view of the above-mentioned equation, a coef-
ficient (m-1)? is introduced in the equation for the current
flowing through the organic light-emitting diode OLED,
wherein 1) is approximate to 1. Therefore, there can be a
greater difference between the data voltages corresponding
to adjacent gray scales, thereby solving the technical prob-
lem that the gray scales cannot be easily spread. Moreover,
the value of the driving current flowing through the transis-
tor T, is independent of the value of the threshold voltage
V,,, of the transistor T, thereby realizing the compensation
for the threshold voltage, and further making the brightness
of the organic light-emitting diode OLED stable.

[0075] Optionally, the present disclosure provides a dis-
play apparatus. Referring to FIG. 6, the display apparatus
includes: a plurality of pixels configured to display an
image, each pixel including the pixel circuit of any one of
the above-mentioned embodiments; a scanning driver 610
sequentially applying scanning signals to each pixel; a light
emitting control driver 620 applying light-emitting control
signals to each pixel; and a data driver 630 apply data
voltages to each pixel.

[0076] The pixel receives the data voltage in response to
the scanning signal, and the pixel emits light having a
predetermined brightness corresponding to the data voltage,
to display the image. The time period of light emitting of the
pixel is controlled by the light-emitting control signal. The
light emitting control driver is initialized in response to the
initialization control signal, and generates the light-emitting
control signal.

[0077] Indicated by making reference to FIG. 6, the scan-
ning driver 610 is connected to a plurality of pixels from
PX,, to PX,,,, arranged in a matrix by the scanning signal
wires from S, to S,. The pixels from PX,, to PX  are
connected to the light-emitting control signal wires from E;
to E,,, and are also connected to the light emitting control
driver 620 by the light-emitting control signal wires from E;
to E,,. The pixels from PX,, to PX, , are also connected to
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the data signal wires from D, to D,,,, and are connected to the
data driver 630 through the data signal wires from D, to D,
The light-emitting control signal wires from E, to E,, are
substantially paralle] to the scanning signal wires from S, to
S, The light-emitting control signal wires from E, to E,, are
substantially perpendicular to the data signal wires from D,
toD,,.

[0078] All technical features in the embodiments can be
arbitrarily combined. For purpose of simplifying the
description, not all arbitrary combinations of the technical
features in the embodiments illustrated above are described.
However, as long as such combinations of the technical
features are not contradictory, they should be considered to
be within the scope of the specification of the disclosure.
[0079] The above embodiments are merely illustrations of
several implementations of the disclosure, and the descrip-
tion thereof is more specific and detailed, but should not be
deemed as limitations to the scope of the present disclosure.
It should be noted that, for those skilled in the art, various
deformations and improvements can be made without
departing from the concepts of the present disclosure. All
these deformations and improvements are within the pro-
tection scope of the present disclosure. Therefore, the pro-
tection scope of the present disclosure is defined by the
appended clainis.

1. A pixel circuit comprising: a first transistor, a second
transistor, a third transistor, a fourth transistor, a fifth tran-
sistor, a sixth transistor, a seventh transistor, a first capacitor,
and an organic light-emitting diode;

wherein:

a control terminal of the fourth transistor is configured to
input a first scanning signal; a first electrode of the
fourth transistor is connected to a second electrode of
the third transistor, a control terminal of the first
transistor and a terminal of the first capacitor; another
terminal of the first capacitor is connected to a second
electrode of the second transistor, a second electrode of
the fifth transistor and a first electrode of the first
transistor;

a control terminal of the fifth transistor is configured to
input a light-emitting control signal, and a first elec-
trode of the fifth transistor is configured to input a first
voltage supply;

a second electrode of the fourth transistor is configured to
input a reference voltage, and the second electrode of
the fourth transistor is connected to a second electrode
of the seventh transistor;

a control terminal of the second transistor is configured to
input a second scanning signal, and a first electrode of
the second transistor is configured to input a data
voltage;

a control terminal of the third transistor is configured to
input the second scanning signal, and a first electrode
of the third transistor is connected to a second electrode
of the first transistor and a first electrode of the sixth
transistor;

a control terminal of the sixth transistor is configured to
input the light-emitting control signal, and a second
electrode of the sixth transistor is connected to a first
electrode of the seventh transistor;

a control terminal of the seventh transistor is configured
to input the first scanning signal, and the first electrode
of the seventh transistor is connected to an input
terminal of the organic light-emitting diode;
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an output terminal of the organic light-emitting diode is

configured to input a second voltage supply.

2. The pixel circuit of claim 1, wherein the first transistor,
the second transistor, the third transistor, the fourth transis-
tor, the fifth transistor, the sixth transistor and the seventh
transistor are p-type transistors.

3. The pixel circuit of claim 2, wherein the reference
voltage is lower than the second voltage supply.

4. A display apparatus, comprising the pixel circuit of
claim 1.

5. A driving method of the pixel circuit of claim 1,
comptrising:

in an initializing phase, setting the first scanning signal to

be a low level signal, and setting the second scanning
signal to be a high level signal; initializing an anode of
the organic light-emitting diode and the control termi-
nal of the first transistor by the reference voltage;

in a storing phase, setting the first scanning signal and the

light-emitting control signal to be high level signals,
and setting the second scanning signal to be a low level
signal, writing a compensating voltage into the first
capacitor by the data voltage;

in a light emitting phase, setting the first scanning signal

and the second scanning signal to be high level signals,
and setting the light-emitting control signal to be a low
level signal; applying the first voltage supply to the
organic light-emitting diode, to make the organic light-
emitting diode emit light.

6. The driving method of claim 5, wherein at the initial-
izing phase, the light-emitting control signal is a high level
signal.

7. The driving method of claim 5, wherein at the initial-
izing phase, the light-emitting control signal is a low level
signal.

8. The driving method of claim 5, wherein the initializing
phase comprises a first initializing phase and a second
initializing phase;

in the first initializing phase, setting the first scanning

signal and the light-emitting control signal to be low
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level signals, and setting the second scanning signal to
be a high level signal; controlling the fifth transistor
and the sixth transistor to turn on by the light-emitting
control signal; and controlling the seventh transistor to
turn on by the first scanning signal;

in the second initializing phase, setting the first scanning
signal to be a low level signal, and setting the second
scanning signal and the light-emitting control signal to
be high level signals; controlling the fifth transistor and
the sixth transistor to be off by the light-emitting
control signal; and controlling the seventh transistor to
turn on by the first scanning signal.

9. The driving method of claim 8, wherein in the storing
phase, the driving method further comprising: controlling
the fifth transistor to be off by the light-emitting control
signal; controlling the second transistor to turn on by the
second scanning signal; and a potential of the first electrode
of the first transistor being equal to the data voltage;

a potential of the control terminal of the first transistor
being equal to V.~V |, wherein V,, , is the data
voltage, [V ;| is an absolute value of a threshold voltage
of the first transistor.

10. The driving method of claim 9, wherein in the light
emitting phase, the driving method further comprising:
controlling the fifth transistor to turn on by the light-emitting
control signal; controlling the fourth transistor to be off by
the first scanning signal; and controlling the third transistor
to be off by the second scanning signal; the potential of the
first electrode of the first transistor being equal to the first
voltage supply;

the potential of the control terminal of the first transistor
being equal 10 V.~V (Vpp=V gsa);

wherein m is a voltage division ratio coefficient deter-
mined by a capacitance of the first capacitor and a
capacitance of a second capacitor, and a sum of the
capacitance of the second capacitor and the capacitance
of the first capacitor is an overall capacitance at the
control terminal of the first transistor.

I S T T
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