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PIXEL DRIVING CIRCUIT AND DRIVING
METHOD THEREOF AND DISPLAY
APPARATUS

TECHNICAL FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to a pixel driving
circuit and driving method thereof, and a display apparatus.

BACKGROUND

[0002] With the development of the display technologies,
OLED (Organic Light Emitting Diode) has been widely
applied. In an OLED display panel, for each pixel, one pixel
driving circuit containing OLEDs is arranged for displaying
the corresponding pixel.

[0003] In known technologies, a pixel driving circuit can
comprise a driving transistor, OLEDs, a storage capacitor,
some transistors for controlling ON/OFF of the circuit, and
so on. The driving process of the pixel driving circuit
comprises two phases which are a programming phase and
a light-emitting phase. In the programming phase (the first
phase), a gate and a drain of the driving transistor are
connected such that the driving transistor is in the saturation
state, date current 1, flows through the driving transistor,
and the storage capacitor records the gate-source voltage of
the driving transistor under the data current. In the light-
emitting phase (the second phase), the driving transistor is in
the saturation state by controlling VDD and VSS. In this
case, the gate-source voltage of the driving transistor is the
voltage recorded by the capacitor. It can be known that the
current of the driving transistor is 1,,,, based on the rela-
tionship between the current and the gate-source voltage of
the driving transistor in the saturation state. The current is
also the light emitting current [ ,_, of the OLED.

SUMMARY

[0004] An embodiment of the present disclosure provides
a pixel driving circuit and driving method thereof, and a
display apparatus. The technical solutions are as follows.
[0005] In a first aspect, there is provided a pixel driving
circuit comprising a storage module, a light emitting mod-
ule, a driving transistor and a voltage-adjusting module,
wherein the storage module is connected to a first control
signal terminal, a data current input terminal, the driving
transistor and the voltage-adjusting module respectively, and
is configured to store a gate-source voltage of the driving
transistor when data current flows through the driving tran-
sistor under the control of a first control signal; the light-
emitting module is connected to a second control signal
terminal, a power voltage terminal and the driving transistor
respectively, and is configured to emit light according to the
light emitting current in the driving transistor under the
control of a second control signal; the voltage-adjusting
module is connected to the second control signal terminal
and the storage module respectively, and is configured to
decrease the voltage stored by the storage module under the
control of the second control signal to control to reduce the
light emitting current in the driving transistor by a preset
scale with respect to the data current.

[0006] Optionally, the storage module comprises at least a
storage capacitor and a matching transistor connected to
each other in series, and the matching transistor and the
driving transistor have the same threshold voltage.
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[0007] Optionally, the voltage-adjusting module com-
prises a voltage-reducing capacitor and a first transistor; and
the first transistor is arranged in a branch where the voltage-
reducing capacitor connects with the storage capacitor in
parallel, and is configured to control the voltage-reducing
capacitor to be connected with the storage capacitor in
parallel according to the second control signal.

[0008] Optionally, the pixel driving circuit further com-
prises a discharge module which is configured to discharge
the storage capacitor and the voltage-reducing capacitor
before the storage module stores the gate-source voltage of
the driving transistor under the control of the first control

signal.

[0009] Optionally, the discharge module comprises a sec-
ond transistor.

[0010] Optionally, the storage module further comprises a

fourth transistor and a fifth transistor which are arranged in
a line connecting a gate and a source of the driving transistor
and are connected to the first control signal terminal and the
data current input terminal respectively; the fourth transistor
and the fifth transistor are configured to connect the gate and
the source of the driving transistor and input the data current
into the source of the driving transistor and the storage
capacitor under the control of the first control signal.
[0011] Optionally, the light-emitting module comprises a
light-emitting device and a third transistor; and the light-
emitting device is arranged in a line between the third
transistor and the power voltage terminal.

[0012] In a second aspect, there is provided a display
apparatus comprising pixel driving circuits as described in
the above.

[0013] Inathird aspect, there is provided a driving method
of a pixel driving circuit, comprising: a storage module
storing a gate-source voltage of a driving transistor when
data current flows through the driving transistor under the
control of a first control signal; and a light-emitting module
emitting light according to light emitting current in the
driving transistor under the control of a second control
signal, and a voltage-adjusting module decreasing the volt-
age stored by the storage module under the control of the
second control signal to control to reduce the light emitting
current in the driving transistor by a preset scale with respect
to the data current.

[0014] Optionally, before the storage module stores the
gate-source voltage of the driving transistor when the data
current flows through the driving transistor under the control
of the first control signal, the method further comprises: a
discharge module discharging a storage capacitor and a
voltage-reducing capacitor according to the first control
signal.

[0015] Optionally, the light-emitting module emitting
light according to light emitting current in the driving
transistor under the control of the second control signal, and
the voltage-adjusting module decreasing the voltage stored
by the storage module under the control of the second
control signal to control to reduce the light emitting current
in the driving transistor by a preset scale with respect to the
data current comprises: upon reaching a preset time length
after the storage module finishes storing the gate-source
voltage of the driving transistor, the light-emitting module
emitting light according to light emitting current in the
driving transistor under the control of the second control
signal, and the voltage-adjusting module decreasing the
voltage stored by the storage module under the control of the
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second control signal to control to reduce the light emitting
current in the driving transistor by a preset scale with respect
to the data current.

[0016] In embodiments of the present disclosure, the volt-
age stored by the storage module is decreased by the
voltage-adjusting module to control the light emitting cur-
rent in the driving transistor to decrease by a preset scale
with respect to the data current. As a result, it is possible to
use relatively strong data current to trigger relatively weak
light emitting current, improve storing speed when storing
the gate-source voltage of the driving transistor, and thus
improve display accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG.1is a schematic diagram of a circuit structure
of a pixel driving circuit provided by an embodiment of the
present disclosure;

[0018] FIG. 2 is a schematic diagram of a circuit structure
of a pixel driving circuit provided by an embodiment of the
present disclosure;

[0019] FIG. 3 is a schematic diagram of a circuit structure
of a pixel driving circuit provided by an embodiment of the
present disclosure;

[0020] FIG. 4 is a schematic diagram of a circuit structure
of a pixel driving circuit provided by an embodiment of the
present disclosure;

[0021] FIG. 5 is a schematic diagram of a circuit structure
of a pixel driving circuit provided by an embodiment of the
present disclosure;

[0022] FIG. 6 is a schematic diagram of a circuit structure
of a pixel driving circuit provided by an embodiment of the
present disclosure;

[0023] FIG. 7 is a schematic flowchart of a driving method
of a pixel driving circuit provided by an embodiment of the
present disclosure;

[0024] FIG. 8 is a time sequence diagram for an operation
of a pixel driving circuit provided by an embodiment of the
present disclosure; and

[0025] FIGS. 9(a), 9(b), 9(c) and 9(d) are schematic
diagrams of circuit structures of pixel driving circuits pro-
vided by embodiments of the present disclosure.

DETAILED DESCRIPTION

[0026] When implementing the present disclosure, the
inventor(s) has/have found at least the following problems in
the known technologies. When a pixel point corresponding
to a driving circuit is to display low gray-scale content, the
light emitting current 1_,,, is small, and thus the required
1., 18 also small. As a result, the charging speed of the
storage capacitor is slow. If the charging cannot be finished
within a predefined time length duration of the programming
phase, the voltage recorded by the storage capacitor will be
relatively small, resulting in inaccurate I, . and further
causing inaccurate display.

[0027] In the following, detailed description will be fur-
ther made on embodiments of the present disclosure in
connection with figures.

[0028] An embodiment of the present disclosure provides
a pixel driving circuit, as shown in FIG. 1. The pixel driving
circuit can comprise a storage module 1, a light emitting
module 2, a voltage-adjusting module 3 and a driving
transistor T, wherein the storage module 1 is connected to
a first control signal terminal S1, a data current input
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terminal I, the driving transistor T,, and the voltage-adjust-
ing module 3 respectively, and is configured to store a
gate-source voltage of the driving transistor T,, when data
current flows through the driving transistor T, under the
control of a first control signal; the light-emitting module 2
is connected to a second control signal terminal S2, a power
voltage terminal V1 and the driving transistor T, respec-
tively, and is configured to emit light according to the light
emitting current in the driving transistor T, under the
control of the second control signal; the voltage-adjusting
module 3 is connected to the second control signal terminal
S2 and the storage module 1 respectively, and is configured
to decrease the voltage stored by the storage module 1 under
the control of the second control signal to control to reduce
the light emitting current in the driving transistor T, by a
preset scale with respect to the data current.

[0029] In an embodiment of the present disclosure, the
voltage stored by the storage module is decreased by the
voltage-adjusting module to control the light emitting cur-
rent in the driving transistor to decrease by a preset scale
with respect to the data current. As a result, it is possible to
use relatively strong data current to trigger relatively weak
light emitting current, improve storing speed when storing
the gate-source voltage of the driving transistor, and thus
improve display accuracy.

[0030] In implementation, the first control signal can be a
scan signal referred to as S(n). The second control signal can
be a light-emitting control signal referred to as EM(n). The
first control signal and the second control signal are digital
signals which can have the same signal period that is the
operation period of the pixel driving circuit. The storage
module 1 can comprise a storage capacitor C1 and can also
comprise a transistor for circuit control, which is configured
to connect the gate with the drain of the driving transistor T,
and input the data current (which can be referred to as I;,,,)
to the gate of T, and the storage capacitor C1 under the
control of the scan signal. The source of the driving tran-
sistor T, can be connected to a low potential terminal V2.
The voltage VSS of the low potential terminal V2 can be 0
or a preset relatively low value. In addition to the above
functions, the storage module 1 can be configured to input
the data current into the driving transistor under the control
of the first control signal.

[0031] During the driving process of the above pixel
driving circuit, each operation period can comprise at least
a programming phase and a light emitting phase. In the
programming phase, the first control signal can control to
input the data current into the drain of the driving transistor,
control to connect the drain and the gate of the driving
transistor, and control the storage module 1 to start opera-
tion. The storage module 1 stores the gate-source voltage of
the driving transistor T, when the data current flows through
the driving transistor T,,. Then in the light emitting phase,
the second control signal controls the light-emitting module
2 to emit light according to the light emitting current in the
driving transistor T 5, and the second control signal controls
the voltage-adjusting module 3 to start operation. The volt-
age-adjusting module 3 reduces the voltage stored by the
storage module 1 to adjust the light emitting current (which
can be referred to as 1, ;) in the driving transistor T, to
make the data current and the light emitting current meet the
preset scale. In such away, the light emitting current is
smaller than the data current in intensity. Therefore, it is
possible to trigger relatively weak light emitting current by
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relatively strong data current, and thus improve storage
speed when storing the gate-source voltage of the driving
transistor to improve display accuracy. At the same time,
since the data current and the light emitting current meet the
preset scale, it is possible to control the intensity of the light
emitting current by controlling the intensity of the data
current based on the preset scale.

[0032] Optionally, as shown in FIG. 2, the light-emitting
module 2 can comprise a light emitting device D1 and a third
transistor T3.

[0033] In implementation, the light emitting device D1
can be an OLED such as an AMOLED (Active Matrix
Driving OLED). One terminal (i.e., terminal m in the figure)
of the light emitting device D1 can be connected to the
power voltage terminal V1, and the other terminal can be
connected to the drain of the third transistor T3. The gate
(i.e., terminal n in the figure) of the third transistor T3 can
be connected to the second control signal terminal S2, and
the source (i.e., terminal o in the figure) of the third transistor
T3 can be connected to the drain of the driving transistor T,.
[0034] In the programming phase, the second control
signal can be a low voltage level, the third transistor T3 is
turned off, and the light emitting device D1 does not emit
light. In the light emitting phase, the second control signal
can be a high voltage level, the third transistor T3 is turned
on, and in this case the driving transistor T, is also turned
on. The light emitting device D1 emits light under the effect
of the power voltage VDD. In the above manner, it is
possible to avoid the light emitting device D1 to emit light
with incorrect intensity in the programming phase.

[0035] Optionally, the storage module 1 can comprise at
least a storage capacitor C1 and a matching transistor T,,
connected to each other in series, wherein the matching
transistor T,, and the driving transistor T, have the same
threshold voltage.

[0036] Inimplementation, in one case, the structure of the
storage module 1 and its connection relationship with the
driving transistor T, can be as shown in FIG. 3. The storage
module 1 can also comprise a fourth transistor T4 and a fifth
transistor T5 arranged in a line connecting the gate and the
source of the driving transistor and connected to the first
control signal terminal and the data current input terminal
respectively. The fourth transistor T4 and the fifth transistor
T5 can be configured to connect the gate and the source of
the driving transistor and input the data current into the
source of the driving transistor and the storage capacitor
under the control of the first control signal. Terminal a can
be connected to the first control signal terminal S1, terminal
b can be connected to the data current input terminal I,
terminal ¢ can be connected to the light emitting module 2,
terminal d can be connected to the low potential terminal V2,
and terminal e and terminal f can be connected to the
voltage-adjusting module 3. The gate and the drain of the
matching transistor T,, can be connected such that the
matching transistor T,, can be equivalent to a diode. The
matching transistor T,, and the driving transistor T, can be
two transistors with the same electrical characteristic, so
they can be considered to have the same threshold voltage.
[0037] In the programming phase, the first control signal
can be a high voltage level, the fourth transistor T4 and the
fifth transistor T5 are turned on to connect the gate and the
drain of the driving transistor T, and the driving transistor
T, enters into the saturation state. One part of the data
current flows through the driving transistor T, via the fourth
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transistor T4, and the other part flows into the storage
capacitor C1 through the fifth transistor T5 and the matching
transistor T,, (equivalent to a diode) to charge the storage
capacitor C1 until the voltage between the two terminals of
the storage capacitor C1 no longer changes. Now, all the data
current flows through the driving transistor T,. The follow-
ing expression can be obtained based on the relationship
between the current and the gate-source voltage of the
transistor in the saturation state:

L= V14V,

thm
[0038] where V1 is the voltage of C1 after being charged,
V,um 18 the threshold voltage of the matching transistor T,,,
V218 the threshold voltage of the driving transistor T, and
k is a constant related to the production process of the
transistor.

[0039] With the above process in the programming phase,
it is possible to indirectly store the gate-source voltage of the
driving transistor T, by the voltage between the two termi-
nals of the storage capacitor C1 after being charged.

[0040] Optionally, the voltage-adjusting module 3 can
comprise a voltage-reducing capacitor C2 and a first tran-
sistor T1; and the first transistor T1 is arranged in a branch
where the voltage-reducing capacitor C2 connects with the
storage capacitor C1 in parallel, and is configured to control
the voltage-reducing capacitor C2 to be connected with the
storage capacitor C1 in parallel according to the second
control signal.

[0041] In implementation, the circuit structures of the
voltage adjusting module 3 and the storage module 1 can be
as shown in FIG. 4. The voltage-reducing capacitor C2 is
connected with the storage capacitor C1 in parallel, the first
transistor T1 is arranged in the parallel branch of C1, and the
gate (e.g., terminal g in the figure) of the first transistor T1
can be connected to the second control signal terminal S2.

[0042] 1In the programming phase, the second control
signal can be a low voltage level, the first transistor T1 is
turned off, and the voltage-reducing capacitor C2 has no
effect. In the light emitting phase, the second control signal
can be a high voltage level, the first transistor T1 is turned
on, and the voltage-reducing capacitor C2 is connected to
the two terminals of the storage capacitor C1 in parallel to
re-distribute the charges in the storage capacitor C1. Based
on the charge conservation principle, the following expres-
sion can be obtained:

VK=V 12k 1

CIxV1=(C2+CDxVy @

[0043] where Vx is the voltage between the two terminals
of the storage capacitor C1 and the voltage-reducing capaci-
tor C2 after the two capacitors are connected in parallel, and
obviously, Vx is smaller than V1.

[0044] Based on the above expression (2), the above
expression can be further derived:

V=CIxV1/(C2+C1) 3)

[0045] Now, the gate-source voltage of the driving tran-
sistor T, 1s sum of the voltage between the two terminals of
the storage capacitor C1 and the threshold voltage of the
matching transistor T,,. The values of VDD and VSS can be
set in advance to ensure that the storage driving transistor T,
is in the saturation state in the light emitting stage. Now, the
current flowing through the driving transistor T, is the light
emitting current 1,,,, of the light emitting device. Based on
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the relationship between the current and the gate-source
voltage of the transistor in the saturation state, the following
expression can be obtained:

Toted = (VX + Vi — Ving)? x K /2 “
= (CIxV1/(C2+CL)E xk/2

= VI2x(CL/(C2+ C) xk/2

[0046] Based on the above expression (1) and expression
(4), the following expression can be further derived:

Lo Loiea=1(C1(C24+C1))?=(C2+C1)?/C12 ©)

[0047] In such a way, in the light emitting phase, the
intensity of the light emitting current I,,,; flowing through
the light emitting device D1 is reduced by a scale, compared
with the intensity of the data current I ,,,,. It is possible to set
the reduction scale of the light emitting current with respect
to the data current by adjusting the capacitance of the storage
capacitor C1 and the voltage-reducing capacitor C2.
[0048] Optionally, the pixel driving circuit can further
comprise a discharge module 4, which is configured to
discharge the storage capacitor C1 and the voltage-reducing
capacitor C2 before the storage module 1 stores the gate-
source voltage of the driving transistor T, under the control
of the first control signal.

[0049] The discharge module 4 can comprise a second
transistor T2.
[0050] In implementation, the circuit structure of the dis-

charge module 4 can be as shown in FIG. 5. The gate (i.e.,
terminal h in the figure) of the second transistor T2 can be
connected to the first control signal terminal S1, and the
source and the drain thereof can be connected to the two
terminals of the voltage-reducing capacitor C2 respectively.
In such a way, if the second control signal controls the
voltage-reducing capacitor C2 to be connected with the
storage capacitor C1 in parallel, the second transistor T2 can
cause the voltage-reducing capacitor C2 and the storage
capacitor C1 to be short-circuited under the control of the
first control signal to make them discharge.

[0051] Based on the above discharge module 4, before the
programming phase, a discharge phase can be arranged in
which the first control signal and the second control signal
are both high voltage levels. When one operation period of
the pixel driving circuit starts, the discharge phase is first
entered, the first control signal and the second control signal
are high voltage levels, the first transistor T1 and the second
transistor T2 are both in a turning on state, and the voltage-
reducing capacitor C2 and the storage capacitor C1 are
connected in parallel and short-circuited to make the volt-
age-reducing capacitor C2 and the storage capacitor C1
discharge. The voltage V_ between the two terminals of the
capacitors in the light emitting phase of the last operation
period is released.

[0052] An exemplary structure of a pixel driving circuit
provided by an embodiment of the present disclosure can be
as shown in FIG. 6. In the embodiment of the present
disclosure, for the pixel driving circuit shown in FIG. 6, a
time sequence diagram for operation as shown in FIG. 8 is
provided. FIG. 8 records the phases comprised in each
operation period of the pixel driving circuit, which are a
discharge phase, a programming phase, a buffer phase, and
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a light emitting phase (the time length of the light emitting
phase is much larger than that of other phases) in time
sequence. FIG. 8 also records the states (high voltage level
or low voltage level) of the first control signal S(n), the
second control signal EM(n) and the data current 1,,,, in
each phase. Based on the time sequence diagram for opera-
tion, the pixel driving circuit shown in FIG. 6 has equivalent
circuits in the discharge phase, the programming phase, the
buffer phase, and the light emitting phase which can be
respectively shown in FIG. 9(a), FIG. 9(b), FIG. 9(c¢), and
FIG. 9(d).

[0053] In the discharge phase, S(n) and EM(n) are high
voltage levels, 1,,,, is a low voltage level, the first transistor
T1, the second transistor T2, the third transistor T3, the
fourth transistor T4 and the fifth transistor T5 are all turned
on, and the storage capacitor C1 and the voltage-reducing
capacitor C2 are discharging to release the voltage V. stored
in the last operation period. Although the light emitting part
D1 emits light in the discharge phase, the light-emitting can
be neglected since the time length of the discharge phase is
much smaller than that of the light-emitting phase.

[0054] In the programming phase, S(n) and I, are high
voltage levels, EM(n) is a low voltage level, the first
transistor T1 is turned off, the voltage-reducing capacitor C2
and the storage capacitor C1 are disconnected, the third
transistor T3 is turned off, the light emitting part D1 is
disconnected, the fourth transistor T4 and the fifth transistor
T5 are turned on to connect the gate and the drain of the
driving transistor T, the driving transistor T , enters into the
saturation state, one part of 1,,,, flows through the driving
transistor T, the other part flows into the storage capacitor
C1 through the matching transistor T,, (equivalent to the
diode) to charge the storage capacitor C1 until the voltage
between the two terminals of the storage capacitor C1 does
not change any more, now all [ ;,,,, flows through the driving
transistor T, and now the sum of the voltage V1 between
the two terminals of the storage capacitor C1 and the
threshold voltage of the matching transistor T, is the gate-
source voltage of the driving transistor T,

[0055] In the buffer phase, S(n), EM(n) and 1,,,, are all
low voltage levels, the first transistor T1 is turned off, the
voltage-reducing capacitor C2 and the second transistor T2
are disconnected, the third transistor T3 is turned off, the
light emitting part D1 is disconnected, the fourth transistor
T4 and the fifth transistor T5 are turned off, the gate and the
drain of the driving transistor T, are disconnected, no
current flows through the driving transistor Tp, and the
storage capacitor C1 is in a stable state. When entering into
the buffer phase, S(n) and 1,,,, are switched from high
voltage levels to low voltage levels. When the buffer phase
ends, EM(n) is just switched from a low voltage level to a
high voltage level, and the time point of switching of S(n)
and I, , and the time point of switching of EM(n) are
misaligned by a certain time length, which can prevent
introducing noises due to simultaneous high/low voltage
level switching of multiple signals.

[0056] In the light emitting phase, S(n) and I, are low
voltage levels, EM(n) is a high voltage level, the third
transistor T3 is turned on, the driving transistor T, is in the
saturation state under the effect of VDD and VSS with preset
voltage values, in addition, the first transistor T1 is turned
on, the second transistor T2 is turned off, the voltage-
reducing capacitor C2 and the storage capacitor C1 are
connected in parallel, the two capacitors redistribute the
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charges of the storage capacitor C1, the voltage between the
two terminals of the storage capacitor C1 decreases, 1,
flows through the driving transistor T, and the light emitting
part D1, the value of 1 ,,, can be calculated based on
expression (5) in the above embodiment. T, , flows through
the light emitting part D1 to make the light emitting part D1
emit light.

[0057] In the embodiment of the present disclosure, the
voltage stored by the storage module is decreased by the
voltage-adjusting module to control the light emitting cur-
rent in the driving transistor to decrease by a preset scale
with respect to the data current. As a result, it is possible to
use relatively strong data current to trigger relatively weak
light emitting current, improve storing speed when storing
the gate-source voltage of the driving transistor, and thus
improve display accuracy. Based on the pixel driving circuit
provided in the above embodiment, an embodiment of the
present disclosure also provides a driving method of a pixel
driving circuit, as shown in FIG. 7, the process procedure of
the method can comprise the following steps.

[0058] At step 701, the storage module 1 stores a gate-
source voltage of the driving transistor T,, when data current
flows through the driving transistor T,, under the control of
a first control signal.

[0059] This step is the process of the storage module 1 and
the driving transistor T, in the programming phase. In the
programming phase, the light emitting module 2 and the
voltage-adjusting module 3 may not work. An exemplary
process procedure of the step can refer to related content in
the above embodiments, which is not repeated here.

[0060] Optionally, before step 701, a discharge phase can
be comprised. The process of the discharge phase can be as
follows. The discharge module 4 discharges the storage
capacitor C1 and the voltage-reducing capacitor C2 accord-
ing to the first control signal.

[0061] This process is the process of the discharge module
4 in the discharge phase. An exemplary process procedure
can refer to related content in the above embodiments, which
is not repeated here.

[0062] Instep 702, the light-emitting module 2 emits light
according to light emitting current in the driving transistor
T, under the control of a second control signal, and the
voltage-adjusting module 3 decreases the voltage stored by
the storage module 1 under the control of the second control
signal to control to reduce the light emitting current in the
driving transistor T, by a preset scale with respect to the
data current.

[0063] This step is the process of the light emitting module
2, the voltage-adjusting module 3, the storage module 1 and
the driving transistor T, in the light emitting phase. An
exemplary process procedure of the step can refer to related
content in the above embodiments, which is not repeated
here.

[0064] Optionally, a buffer phase can be arranged between
the programming phase and the light emitting phase.
Accordingly, the process of the step 702 can be as follows.
Upon reaching a preset time length after the storage module
1 finishes storing the gate-source voltage of the driving
transistor T, the light-emitting module 2 emits light accord-
ing to light emitting current in the driving transistor T,
under the control of a second control signal, and the voltage-
adjusting module 3 decreases the voltage stored by the
storage module 1 under the control of the second control
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signal to control to reduce the light emitting current in the
driving transistor T, by a preset scale with respect to the
data current.

[0065] The preset time length is the time length duration
of the buffer phase. By setting the buffer phase, the light
emitting phase is entered after a certain time length from the
ending of the programming phase, such that it is possible to
prevent introducing noises due to simultaneous high/low
voltage level switching of multiple signals.

[0066] In an embodiment of the present disclosure, for an
exemplary structure of the pixel driving circuit shown in
FIG. 6, a time sequence diagram for operation as shown in
FIG. 8 is provided. FIG. 8 records the phases comprised in
each operation period of the pixel driving circuit, which are
a discharge phase, a programming phase, a buffer phase, and
a light emitting phase (the time length of the light emitting
phase is much larger than that of other phases) in time
sequence. FIG. 8 also records the states (high voltage level
or low voltage level) of the first control signal S(n), the
second control signal EM(n) and the data current 1,,,, in
each phase. Based on the time sequence diagram for opera-
tion, the pixel driving circuit shown in FIG. 6 has equivalent
circuits in the discharge phase, the programming phase, the
buffer phase. and the light emitting phase which can be
respectively shown in FIG. 9(a), FIG. 9(b), FIG. 9(c), and
FIG. 9(d).

[0067] The exemplary process procedure of each phase
can refer to the related content in the above embodiments.

[0068] In an embodiment of the present disclosure, the
voltage stored by the storage module is decreased by the
voltage-adjusting module to control the light emitting cur-
rent in the driving transistor to decrease by a preset scale
with respect to the data current. As a result, it is possible to
use relatively strong data current to trigger relatively weak
light emitting current, improve storing speed when storing
the gate-source voltage of the driving transistor, and thus
improve display accuracy. An embodiment of the present
disclosure provides a display apparatus comprising the pixel
driving circuit described in the above embodiments.

[0069] In an embodiment of the present disclosure, the
voltage stored by the storage module is decreased by the
voltage-adjusting module to control the light emitting cur-
rent in the driving transistor to decrease by a preset scale
with respect to the data current. As a result, it is possible to
use relatively strong data current to trigger relatively weak
light emitting current, improve storing speed when storing
the gate-source voltage of the driving transistor, and thus
improve display accuracy.

[0070] The order of the above embodiments of the present
disclosure is only for description, but does not represent
merit rating of the embodiments.

[0071] Those skilled in the art can understand that all or
part of the steps realizing the above embodiments can be
implemented by hardware, or by programs instructing
related hardware. The programs can be stored in a computer
readable storage medium which can be a ROM, a magnetic
disk, an optical disk, or the like.

[0072] The above descriptions are only preferable
embodiments of the present disclosure, but are not used to
limit the present disclosure. Any modification, equivalent
exchange, improvement or the like within the spirit and
principle of the present disclosure should fall within the
protection scope of the present disclosure.
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[0073] The present application claims the priority of Chi-
nese Patent Application No. 201510051381.0 filed on Jan.
30, 2015, entire content of which is incorporated as part of
the present invention by reference.

1. A pixel driving circuit comprising a storage module, a
light emitting module, a driving transistor and a voltage-
adjusting module, wherein

the storage module is connected to a first control signal
terminal, a data current input terminal, the driving
transistor and the voltage-adjusting module respec-
tively, and is configured to store a gate-source voltage
of the driving transistor when data current flows
through the driving transistor under the control of a first
control signal;

the light-emitting module is connected to a second control
signal terminal, a power voltage terminal and the
driving transistor respectively, and is configured to emit
light according to the light emitting current in the
driving transistor under the control of a second control
signal,

the voltage-adjusting module is connected to the second
control signal terminal and the storage module respec-
tively, and is configured to decrease the voltage stored
by the storage module under the control of the second
control signal to control to reduce the light emitting
current in the driving transistor by a preset scale with
respect to the data current.

2. The pixel driving circuit according to claim 1, wherein
the storage module comprises at least a storage capacitor and
a matching transistor connected to each other in series, and
the matching transistor and the driving transistor have the
same threshold voltage.

3. The pixel driving circuit according to claim 2, wherein
the voltage-adjusting module comprises a voltage-reducing
capacitor and a first transistor; and

the first transistor is arranged in a branch where the
voltage-reducing capacitor connects with the storage
capacitor in parallel, and is configured to control the
voltage-reducing capacitor to be connected with the
storage capacitor in parallel according to the second
control signal.

4. The pixel driving circuit according to claim 3, wherein

the pixel driving circuit further comprises:

a discharge module which is configured to discharge the
storage capacitor and the voltage-reducing capacitor
before the storage module stores the gate-source volt-
age of the driving transistor under the control of the first
control signal.

5. The pixel driving circuit according to claim 4, wherein

the discharge module comprises a second transistor.

6. The pixel driving circuit according to claim 1, wherein
the light-emitting module comprises a light-emitting device
and a third transistor, and

the light-emitting device is arranged in a line between the
third transistor and the power voltage terminal.

7. The pixel driving circuit according to claim 2, wherein
the storage module further comprises a fourth transistor and
a fifth transistor which are arranged in a line connecting a
gate and a source of the driving transistor and are connected
to the first control signal terminal and the data current input
terminal respectively;

the fourth transistor and the fifth transistor are configured
to connect the gate and the source of the driving
transistor and input the data current into the source of
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the driving transistor and the storage capacitor under
the control of the first control signal.

8. A display apparatus comprising pixel driving circuits
according to claim 1.

9. A driving method of a pixel driving circuit, comprising:

a storage module storing a gate-source voltage of a
driving transistor when data current flows through the
driving transistor under the control of a first control
signal; and

a light-emitting module emitting light according to light
emitting current in the driving transistor under the
control of a second control signal, and a voltage-
adjusting module decreasing the voltage stored by the
storage module under the control of the second control
signal to control to reduce the light emitting current in
the driving transistor by a preset scale with respect to
the data current.

10. The method according to claim 9, wherein before the
storage module stores the gate-source voltage of the driving
transistor when the data current flows through the driving
transistor under the control of the first control signal, the
method further comprises:

a discharge module discharging a storage capacitor and a
voltage-reducing capacitor according to the first control
signal.

11. The method according to claim 9, wherein the light-
emitting module emitting light according to light emitting
current in the driving transistor under the control of the
second control signal, and the voltage-adjusting module
decreasing the voltage stored by the storage module under
the control of the second control signal to control to reduce
the light emitting current in the driving transistor by a preset
scale with respect to the data current comprises:

upon reaching a preset time length after the storage
module finishes storing the gate-source voltage of the
driving transistor, the light-emitting module emitting
light according to light emitting current in the driving
transistor under the control of the second control signal,
and the voltage-adjusting module decreasing the volt-
age stored by the storage module under the control of
the second control signal to control to reduce the light
emitting current in the driving transistor by a preset
scale with respect to the data current.

12. The pixel driving circuit according to claim 2, wherein
the light-emitting module comprises a light-emitting device
and a third transistor; and

the light-emitting device is arranged in a line between the
third transistor and the power voltage terminal.

13. The pixel driving circuit according to claim 3, wherein
the light-emitting module comprises a light-emitting device
and a third transistor; and

the light-emitting device is arranged in a line between the
third transistor and the power voltage terminal.

14. The pixel driving circuit according to claim 4, wherein
the light-emitting module comprises a light-emitting device
and a third transistor; and

the light-emitting device is arranged in a line between the
third transistor and the power voltage terminal.

15. The pixel driving circuit according to claim 5, wherein
the light-emitting module comprises a light-emitting device
and a third transistor; and

the light-emitting device is arranged in a line between the
third transistor and the power voltage terminal.
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16. The pixel driving circuit according to claim 3, wherein
the storage module further comprises a fourth transistor and
a fifth transistor which are arranged in a line connecting a
gate and a source of the driving transistor and are connected
to the first control signal terminal and the data current input
terminal respectively;

the fourth transistor and the fifth transistor are configured

to connect the gate and the source of the driving
transistor and input the data current into the source of
the driving transistor and the storage capacitor under
the control of the first control signal.

17. The pixel driving circuit according to claim 4, wherein
the storage module further comprises a fourth transistor and
a fifth transistor which are arranged in a line connecting a
gate and a source of the driving transistor and are connected
to the first control signal terminal and the data current input
terminal respectively;

the fourth transistor and the fifth transistor are configured
to connect the gate and the source of the driving
transistor and input the data current into the source of
the driving transistor and the storage capacitor under
the control of the first control signal.

18. The pixel driving circuit according to claim 5, wherein
the storage module further comprises a fourth transistor and
a fifth transistor which are arranged in a line connecting a
gate and a source of the driving transistor and are connected
to the first control signal terminal and the data current input
terminal respectively;

the fourth transistor and the fifth transistor are configured

to connect the gate and the source of the driving
transistor and input the data current into the source of
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the driving transistor and the storage capacitor under
the control of the first control signal.

19. The pixel driving circuit according to claim 6, wherein
the storage module further comprises a fourth transistor and
a fifth transistor which are arranged in a line connecting a
gate and a source of the driving transistor and are connected
to the first control signal terminal and the data current input
terminal respectively;

the fourth transistor and the fifth transistor are configured

to connect the gate and the source of the driving
transistor and input the data current into the source of
the driving transistor and the storage capacitor under
the control of the first control signal.

20. The method according to claim 10, wherein the
light-emitting module emitting light according to light emit-
ting current in the driving transistor under the control of the
second control signal, and the voltage-adjusting module
decreasing the voltage stored by the storage module under
the control of the second control signal to control to reduce
the light emitting current in the driving transistor by a preset
scale with respect to the data current comprises:

upon reaching a preset time length after the storage

module finishes storing the gate-source voltage of the
driving transistor, the light-emitting module emitting
light according to light emitting current in the driving
transistor under the control of the second control signal,
and the voltage-adjusting module decreasing the volt-
age stored by the storage module under the control of
the second control signal to control to reduce the light
emitting current in the driving transistor by a preset
scale with respect to the data current.
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