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(57) ABSTRACT

The present disclosure provides an organic light-emitting
pixel driving circuit. The organic light-emitting pixel driving
circuit includes first driving transistor, having first terminal
electrically connected to first node, second terminal electri-
cally connected to second node, and control terminal elec-
trically connected to third node, second driving transistor,
having first terminal electrically connected to the second
node, second terminal electrically connected to fourth node,
and control terminal electrically connected to the third node;
first switch transistor, having first terminal electrically con-
nected to data signal terminal, and second terminal electri-
cally connected to the first node, second switch transistor,
having first terminal electrically connected to the data signal
terminal, and second terminal electrically connected to the
fourth node; third switch transistor, having first terminal
electrically connected to the third node, and second terminal
electrically connected to the second node; and storage
device electrically connected to the third node.
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PIXEL DRIVING CIRCUIT AND METHOD,
DISPLAY PANEL AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Chinese
Patent Application No. 201811621849.5, filed on Dec. 28,
2018, the content of which is incorporated herein by refer-
ence in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technologies, and in particular, to an organic light-emitting
pixel driving circuit and method, a display panel, and a
display device.

BACKGROUND

[0003] With the development of display technologies, an
Organic Light Emitting Display (OLED) panel has been
used in more and more applications due to its excellent
characteristics such as self-illumination, high brightness,
wide viewing angle and fast response. With the increase in
the display resolution and scan rate, charging time becomes
shorter, which leads to insufficient charging and thus
adversely affecting display.

SUMMARY

[0004] The present disclosure provides an organic light-
emitting pixel driving circuit and method, a display panel,
and a display device, which can improve the poor display
caused by insufficient charging time.

[0005] In one embodiment of the present disclosure pro-
vides an organic light-emitting pixel driving circuit, includ-
ing: a first driving transistor, having a first terminal electri-
cally connected to a first node, a second terminal electrically
connected to a second node, and a control terminal electri-
cally connected to a third node; a second driving transistor,
having a first terminal electrically connected to the second
node, a second terminal electrically connected to a fourth
node, and a control terminal electrically connected to the
third node; a first switch transistor, having a first terminal
electrically connected to a data signal terminal, and a second
terminal electrically connected to the first node; a second
switch transistor, having a first terminal electrically con-
nected to the data signal terminal, and a second terminal
electrically connected to the fourth node; a third switch
transistor, having a first terminal electrically connected to
the third node, and a second terminal electrically connected
to the second node; and a storage unit electrically connected
to the third node.

[0006] Another embodiment of the present disclosure pro-
vides a display penal including the organic light-emitting
pixel driving circuit described above.

[0007] In yet another embodiment of the present disclo-
sure provides a display device including the display panel
described above.

BRIEF DESCRIPTION OF DRAWINGS

[0008] In order to more clearly illustrate technical solu-
tions in embodiments of the present disclosure or in the
related art, the accompanying drawings used in the embodi-
ments and in the related art are briefly introduced as follows.
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Tt should be noted that the drawings described as follows are
merely part of the embodiments of the present disclosure.
[0009] FIG. 1 is a schematic structural diagram of an
organic light-emitting pixel driving circuit in the related art:
[0010] FIG. 2 is an equivalent circuit diagram of a part of
the pixel driving circuit of FIG. 1 in a compensation phase:
[0011] FIG. 3 is an equivalent circuit diagram of a part of
the pixel driving circuit of FIG. 1 in a light-emitting phase;
[0012] FIG. 4 is a schematic structural diagram of another
organic light-emitting pixel driving circuit in the related art;
[0013] FIG. 5is a structural diagram of a part of an organic
light-emitting pixel driving circuit according to an embodi-
ment of the present disclosure;

[0014] FIG. 6 is an equivalent circuit diagram of the part
of the pixel driving circuit of FIG. 5 in a compensation
phase;

[0015] FIG. 7 is an equivalent circuit diagram of the part
of the pixel driving circuit of FIG. 5 in a light-emitting
phase:

[0016] FIG. 8 is a curve diagram illustrating test curves of

pixels of three different pixel driving circuits;

[0017] FIG. 9 is a schematic structural diagram of an
organic light-emitting pixel driving circuit according to an
embodiment of the present disclosure;

[0018] FIG. 10 is a timing signal diagram corresponding
to the organic light-emitting pixel driving circuit of FIG. 9:
[0019] FIG. 11 is a schematic structural diagram of a
display panel according to an embodiment of the present
disclosure; and

[0020] FIG. 12 is a schematic structural diagram of a
display device according to an embodiment of the present
disclosure.

DESCRIPTION OF EMBODIMENTS

[0021] Embodiments of the present disclosure are
described in the following with reference to the accompa-
nying drawings. It should be understood that the described
embodiments are merely exemplary embodiments of the
present disclosure, which shall not be interpreted as provid-
ing limitations to the present disclosure.

[0022] The terms used in the embodiments of the present
disclosure are merely for the purpose of describing particu-
lar embodiments but not intended to limit the present
disclosure. Unless otherwise noted in the context, the sin-
gular form expressions “a”, “an”, “the” and “said” used in
the embodiments and appended claims of the present dis-
closure are also intended to represent plural form expres-
sions thereof.

[0023] Embodiments of the present disclosure show a
process of discovering the problems in the related art will be
first described before describing the embodiments of the
present disclosure in detail. FIG. 1 is a schematic structural
diagram of an organic light-emitting pixel driving circuit in
the related art. As shown in FIG. 1, the organic light-emitting
pixel driving circuit in the related art includes first to sixth
switch transistors T1-T6, a driving transistor Td, and a
storage capacitor C. The storage capacitor C is connected
between a first voltage supply terminal PVDD and a first
node N1 and configured to maintain a potential of the first
node N1. A first scan signal terminal S1 is configured to
control the third switch transistor T3 and the fourth switch
transistor T4. A second scan signal terminal S2 is configured
to control the fifth switch transistor T5 and the sixth switch
transistor T6. A light-emitting control signal terminal EMIT
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is configured to control the first switch transistor T1 and the
second switch transistor T2. In a reset phase, a reference
voltage terminal VREF resets the first node N and a second
node N2 through the fifth switch transistor T5 and the sixth
switch transistor T6. In a compensation phase, the third
switch transistor T3 and the fourth switch transistor T4 are
switched on while the other switch transistors are switched
off, and a data signal terminal VDATA charges the first node
N1 through the third switch transistor T3, the driving
transistor Td and the fourth switch transistor T4, so that the
potential of the first node N1 is charged to reach Vdata+Vth.
Vdata is a data voltage of the data signal terminal VDATA,
and Vth is a threshold voltage of the driving transistor Td.
In a light-emitting phase, the first switch transistor T1 and
the second switch transistor T2 are switched on while the
other switch transistors are switched off, the driving tran-
sistor Td and a light-emitting element E are connected in
series between the first voltage supply terminal PVDD and
a second voltage supply terminal PVEE, the driving tran-
sistor Td generates a driving current under control of a
voltage at the first node N1 to control the light-emitting
element E to emit light. In the light-emitting phase, a current
value of the driving current is independent of Vth, thereby
avoiding adverse effects of threshold drift on displaying.
However, in order achieve the light-emitting uniformity, the
driving transistor Td usually has a large channel length. As
a result, the charging current is small during the compen-
sation phase, and in order stabilize the voltage at the first
node N1, the storage capacitor C generally has a large
capacitance value. Under a requirement for high resolution,
the compensation phase for each pixel has a shorter duration,
leading to a problem of insuflicient charging. If compensa-
tion is made by adjusting the data voltage Vdata, power
consumption would be increased. FIG. 2 is an equivalent
circuit diagram of a part of the pixel driving circuit of FIG.
1 in a compensation phase, and FIG. 3 is an equivalent
circuit diagram of a part of the pixel driving circuit of FIG.
1 in a light-emitting phase. As shown in FIG. 1 and FIG. 2,
in the compensation phase, the voltage at the first node N1
is V,, and a voltage at the first terminal of the driving
transistor Td is V. Here, V. is a data voltage provided by the
data signal terminal VDATA, and t is the charging time, i.e.,
a duration of the compensation phase. When t approaches 0.
V, approaches ref. Here, ref is a reference voltage provided
by the reference voltage terminal VREF, ¢ is the capacitance
value of the storage capacitor C, and V,, is the threshold
voltage of the driving transistor Td. In this case, an equation
set I as follows is formed in the compensation phase:

dv;
“ar T
Vi li=o = ref

K(Vy = Vs = V)

[0024] Based on the above equation set, the following
equation can be obtained:

1 k 1
- =-I+ .
Vi-V,—Vy 4 Vet Vi — ref

[0025] Here, k is a constant number associated with a
width-to-length ratio of the driving transistor Td.
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[0026] As shown in FIG. 1 and FIG. 3, in the light-
emitting phase, the driving transistor Td generates a driving
current I under control of the voltage V, of the first node N1,
and the driving current I satisfies the following formula.

[ =k(V,— VDD - V)

-1
=k7k[+ i +V,-VDD| .
¢ Vs + Vi — ref

[0027] Due to the increased resolution and thus the insuf-
ficient compensation time, the effect of threshold voltage
drift cannot be ignored.

[0028] In order to solve the above problem, a solution of
providing two driving transistors has appeared. FIG. 4 is a
schematic structural diagram of another organic light-emit-
ting pixel driving circuit in the related art. As shown in FIG.
4, a pixel driving circuit shown in FIG. 4 differs from the
pixel driving circuit shown in FIG. 1 only in providing two
driving transistors instead of one driving transistor. Herein,
a first driving transistor Td1 is arranged in the same manner
as the driving transistor Td shown in FIG. 1, and a second
driving transistor Td2 is further provided. In this way, the
first driving transistor Tdl does not need to have a large
channel length, and thus the charging current during the
compensation phase can be increased. Therefore, the first
node N1 can be charged to reach a required potential in a
shorter time, thereby reducing an undercharge probability.
However, for the structure shown in FIG. 4, during the actual
test process, it has been found that the threshold drift of the
second driving transistor Td2 is approximately twice the
threshold drift of the first driving transistor Tdl, and there-
fore, a display afterimage may occur due to insufficient
compensation for the threshold drift. The embodiments of
the present disclosure propose solutions against the display
afterimage problem caused by insufficient compensation for
the threshold drift of the two driving transistors.

[0029] FIG. 5is a structural diagram of a part of an organic
light-emitting pixel driving circuit according to an embodi-
ment of the present disclosure. As shown in FIG. 5, an
embodiment of the present disclosure provides an organic
light-emitting pixel driving circuit, including: a first driving
transistor Td1l having a first terminal electrically connected
to a first node N1, a second terminal electrically connected
to a second node N2, and a control terminal electrically
connected to a third node N3; a second driving transistor
Td2 having a first terminal electrically connected to the
second node N2, a second terminal electrically connected to
a fourth node N4, and a control terminal electrically con-
nected to the third node N3; a first switch transistor T1
having a first terminal electrically connected to a data signal
terminal VDATA, and a second terminal electrically con-
nected to the first node N1; a second switch transistor T2
having a first terminal electrically connected to the data
signal terminal VDATA, and a second terminal electrically
connected to the fourth node N4; a third switch transistor T3
having a first terminal electrically connected to the third
node N3, and a second terminal electrically connected to the
second node N2; and a storage device C electrically con-
nected to the third node N3.
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[0030] FIG. 6 is an equivalent circuit diagram of the part
of the pixel driving circuit of FIG. 5§ in a compensation
phase, and FIG. 7 is an equivalent circuit diagram of the part
of the pixel driving circuit of FIG. 5 in a light-emitting
phase. As shown in FIGS. 5 to 7, an embodiment of the
present disclosure further provides a driving method for the
organic light-emitting pixel driving circuit described above.
The method includes following steps.

[0031] Inacompensation phase, the first switch transistor
T1, the second switch transistor T2, and the third switch
transistor T3 are controlled to be switched on, so that the first
driving transistor Td1 and the second driving transistor Td2
are connected in parallel and a data signal of the data signal
terminal VDATA charges the third node N3 through the first
driving transistor Tdl and the second driving transistor Td2,
respectively.

[0032] In a light-emitting phase, the first switch transistor
T1, the second switch transistor T2, and the third switch
transistor T3 are controlled to be switched off, so that the
first driving transistor Tdl and the second driving transistor
Td2 are connected in series to generate a driving current for
light-emitting under control at a voltage at the third node N3.
[0033] In the compensation phase, a voltage at the first
node N1 and a voltage at the fourth node N4 each are V_,
which is a data voltage provided by the data signal terminal
VDATA. A voltage at the third node N3 is V,, and t is
charging time, i.e., a duration of the compensation phase.
Here, c is a capacitance value of the storage capacitor C, and
V,, is a threshold voltage of the driving transistor Td1 or a
threshold voltage of the second driving transistor Td2. Tt
should be noted that in the actual circuit, the first driving
transistor Tdl and the second driving transistor Td2 may
have different threshold voltages, and for convenience of
explanation, both the first driving transistor Td1l and the
second driving transistor Td2 are set herein to have a
threshold voltage of V,,,. V,, is a voltage at the second node
N2. In this case, an equation set II as follows is applied in
the compensation phase:

dv; , 2
CE =k(V, - Vi -Vy) )

Vi lmo = ref

[0034] Compared with the equation set I, the compensa-
tion process is changed in such a manner that two driving
transistors are connected in parallel to perform charging, so
that a coefficient k thereof becomes 4k. Here, k is a constant
number. Based on the equation set 1, the following equation
can be obtained:

1 4k 1
- =—i+ .
Vi=Vi=Vy ¢ Vit Vi —ref

[0035] In the light-emitting phase, the first driving tran-
sistor Td1 generates a first driving current 11, and the first
driving current I1 satisfies the following equation:

(Vi = V)

11 =4k (Ve = Vs = Vi)V = Vo) - 5
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[0036] The second driving transistor Td2 generates a first
driving current 12, and the first driving current 12 satisfies the
following equation:

DR=2KVAV~V)2

[0037]
obtained:

Based on that [1=12, the following equation can be

1
ViV =V = =V, = Vs = V).

V2

[0038] Then, V,, can be obtained, and the following equa-
tion can be obtained by substituting V,, into 11 or 12:

=H——  sv.-vDD|.

_r e —
¢ Vi + Vi —ref

[0039] Compared with the formula corresponding to the
driving current I of FIG. 1, the charging speed is four times
the original charging time, and at the same time, k in the
denominator of V, becomes 4Kk, that is, V,;, has less influence
on the driving current.

[0040] In addition, compared with the pixel driving circuit
shown in FIG. 4, the pixel driving circuit in this embodiment
of the present disclosure changes the charging mode in the
compensation phase, in which two driving transistors simul-
taneously perform charging. In this way, the charging speed
is higher, and the threshold drift can be better eliminated. For
details, please refer to results of simulations as follows.

TABLE 1
Structure Width-to-length Storage Relative
of pixel ratio of the Capacitance current
driving circuit driving transistor value (pF) change
Al 3/17 0.108 0.3%
A2 3/17 0.108 10%
A3 3/17 0.108 1.4%

[0041] Table 1 shows the simulation results of relative
current changes corresponding to different structures of the
pixel driving circuit when an amount of the threshold drift
is 0. IV. As shown in Table 1, when a structure of the pixel
driving circuit includes two driving transistors, width-to-
length ratios of the two driving transistors are both 3/17. The
storage capacitance value is the capacitance value of the
storage device or the storage capacitor. Al represents a
structure of the pixel driving circuit shown in FIG. 1, that is,
the pixel driving circuit includes only one driving transistor.
A2 represents a structure of the pixel driving circuit shown
in FIG. 4, that is, the pixel driving circuit includes two
driving transistors, and only one of the two driving transis-
tors performs charging in the compensation phase. A3
represents a structure of the pixel driving circuit shown in
FIG. 5, that is, the pixel driving circuit includes two tran-
sistors, and the two driving transistors are connected in
parallel to perform charging in the compensation phase. It
can be seen from Table 1 that with a same among of the
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threshold voltage drift, A3 has a smaller current change
compared with A2, that is, A3 can more effectively com-
pensate for the threshold voltage drift.

[0042] FIG. 8 is a curve diagram illustrating test curves of
pixels of three different pixel driving circuits. As shown in
FIG. 8, Bl represents a test curve corresponding to the
structure of the pixel driving circuit shown in FIG. 1, B2
represents a test curve corresponding to the structure of the
pixel driving circuit shown in FIG. 4, and B3 presents a test
curve corresponding to the structure of the pixel driving
circuit shown in FIG. 5. Brightness values of different gray
scale test display panels are stimulated under different data
voltages Vdata. Here, the driving current for each light-
emitting element is controlled to be consistent, and the
compensation phase has a duration of 1.25 ps. It can be seen
that in a shorter compensation time, Vdata is 6V, indicating
a black state of grayscale. The brightness of the display
panel in the black state of grayscale can still reach 0.01 nit
in the curve of B3, indicating that in the three structures, the
pixel driving circuit in this embodiment of the present
disclosure has the highest charging speed in the compensa-
tion phase.

[0043] For the organic light-emitting pixel driving circuit
and the driving method in this embodiment of the present
disclosure, the two driving transistors are connected in
parallel to perform charging in the compensation phase, and
the two driving transistors are connected in series to drive
light-emitting in the light-emitting phase. In this way, the
charging speed in the compensation phase is improved,
thereby improving the poor display caused by insufficient
charging time. Moreover, the threshold voltage drift can be
more effectively compensated, thereby improving the poor
display caused by the threshold drift.

[0044] FIG. 9 is a schematic structural diagram of an
organic light-emitting pixel driving circuit according to an
embodiment of the present disclosure. In an embodiment, as
shown in FIG. 9, the first switch transistor T1, the second
switch transistor T2, and the third switch transistor T3 each
have a control terminal electrically connected to the first
scan signal terminal S1. In other words, these three switch
transistors are controlled in the simplest manner.

[0045] FIG. 10 is a timing signal diagram corresponding
to the organic light-emitting pixel driving circuit of FIG. 9.
In an embodiment, as shown in FIG. 9 and FIG. 10, on the
basis of the abovementioned driving method, in the com-
pensation phase t2, the first switch transistor T1, the second
switch transistor T2 and the third switch transistor T3 are
switched on in response to the switch-on level of the first
scan signal terminal S1, so that the first driving transistor
Td1 and the second driving transistor Td2 are connected in
parallel and the data signal of the data signal terminal
VDATA charges the third node N3 through the first driving
transistor Td1 and the second driving transistor Td2. In the
light-emitting phase t3, the first switch transistor T1, the
second switch transistor T2 and the third switch transistor T3
are switched off in response to the switch-off level of the first
scan signal terminal S1, so that the first driving transistor
Td1 and the second driving transistor Td2 are connected in
series to generate a driving current for light-emitting under
control of a voltage at the third node N3.

[0046] In an embodiment, the organic light-emitting pixel
driving circuit further includes: a fourth switch transistor T4
having a first terminal electrically connected to the first
voltage supply terminal PVDD, a second terminal electri-
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cally connected to the first node N1, and a control terminal
electrically connected to the light-emitting control signal
terminal EMIT; a fifth switch transistor T5 having a first
terminal electrically connected to the fourth node N4, a
second terminal electrically connected to the fifth node N5,
and a control terminal electrically connected to the light-
emitting control signal terminal EMIT; and an organic
light-emitting element E having an anode electrically con-
nected to the fifth node N5, and a cathode electrically
connected to the second voltage supply terminal PVEE.
[0047] In an embodiment, on the basis of the abovemen-
tioned driving method, in the compensation phase 12, the
fourth switch transistor T4 and the fifth switch transistor T5
are switched off in response to the switch-off level of the
light-emitting control signal terminal EMIT, thereby pre-
venting adverse effects on the light-emitting brightness of
the organic light-emitting element E in the compensation
phase while preventing adverse effects of other potentials on
the charging process of the two driving transistors connected
in parallel in the compensation phase. In the light-emitting
phase t3, the fourth switch transistor T4 and the fifth switch
transistor T5 are switched on in response to the switch-on
level of the light-emitting control signal terminal EMIT, and
the organic light-emitting element E emits light under con-
trol of the driving current.

[0048] In an embodiment, the storage device C includes a
storage capacitor. The storage capacitor has a first terminal
electrically connected to the first voltage supply terminal
PVDD, and a second terminal electrically connected to the
third node N3. The storage capacitor is configured to main-
tain a potential at the third node N3, and can be connected
between the first voltage supply terminal PVDD and the
third node N3. Since the potential at the first voltage supply
terminal PYDD maintains unchanged, a potential at the third
node N3 maintains unchanged in the light-emitting phase.
However, in other embodiments, the storage capacitor may
also be connected between the third node N3 and another
fixed potential, as long as the potential at the third node N3
maintains unchanged in the light-emitting phase.

[0049] In an embodiment, the abovementioned organic
light-emitting pixel driving circuit further includes: a sixth
switch transistor T6 having a first terminal electrically
connected to the reference voltage terminal VREF, a second
terminal electrically connected to the third node N3, and a
control terminal electrically connected to the second scan
signal terminal S2.

[0050] In an embodiment, on the basis of the abovemen-
tioned driving method, the driving method further includes
the following steps. In the reset phase t1, the sixth switch
transistor T6 is switched on in response to the switch-on
level of the second scan signal terminal S2, and the reference
voltage of the reference voltage terminal VREF is transmit-
ted to the third node N3 to reset the third node N3; the first
switch transistor T1, the second switch transistor T2, and the
third switch transistor T3 are switched off in response to the
switch-off level of the first scan signal terminal S1 and the
fourth switch transistor T4 and the fifth switch transistor T5
are switched off in response to switch-off level of the
light-emitting control signal terminal EMIT. In the compen-
sation phase 12, the sixth switch transistor T6 is switched off
in response to the switch-off level of the second scan signal
terminal S2. In the light-emitting phase t3, the sixth switch
transistor T6 is switched off in response to the switch-off
level of the second scan signal terminal S2.
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[0051] The third node N3 can be reset through the sixth
switch transistor T6, thereby achieving stability in the com-
pensation phase.

[0052] Inan embodiment, the organic light-emitting pixel
driving circuit further includes: a seventh switch transistor
T7 having a first terminal electrically connected to the
reference voltage terminal VREF, a second terminal electri-
cally connected to the fifth node N5, and a control terminal
electrically connected to the second scan signal terminal S2.
It can be understood that in other embodiments, the control
terminal of the seventh switch transistor T7 can also be
electrically connected to another control signal terminal
such as the first scan signal terminal, as long as the anode of
the organic light-emitting element E can be reset before the
light-emitting phase t3.

[0053] In an embodiment, on the basis of the abovemen-
tioned driving method, in the reset phase tl1, the seventh
switch transistor T7 is switched on in response to the
switch-on level of the second scan signal terminal S2, and
the reference voltage of the reference voltage terminal
VREF is transmitted to the fifth node N5 to reset the anode
of the organic light-emitting element E. In the compensation
phase t2, the seventh switch transistor T7 is switched off in
response to the switch-off level of the second scan signal
terminal S2. In the light-emitting phase t3, the seventh
switch transistor T7 is switched off in response to the
switch-off level of the second scan signal terminal S2.
[0054] The organic light-emitting pixel driving circuit in
this embodiment of the present disclosure will be described
in the following with reference to FIG. 9 and FIG. 10
through a driving method.

[0055] In the reset phase t1, a high level is provided at the
light-emitting control signal terminal EMIT to control the
fourth switch transistor T4 and the fifth switch transistor T5
to be switched off, and the organic light-emitting element E
does notemitlight; a low level is provided at the second scan
signal terminal S2 to control the sixth switch transistor T6 to
be switched on, and the reference voltage of the reference
voltage terminal VREF is transmitted to the third node N3
to reset the third node N3, herein, the reference voltage is at
low level; a high level is provided at the first scan signal
terminal S1 to control the first switch transistor T1, the third
switch transistor T3 and the fifth switch transistor T5 to be
switched off; a low level is provided at the second scan
signal terminal S2 to control the seventh switch transistor T7
to be switched on, and the reference voltage of the reference
voltage terminal VREF is transmitted to the fifth node N5 to
reset the anode of the organic light-emitting element E.

[0056] In the compensation phase (2, a high level is
provided at the light-emitting control signal terminal EMIT
to control the fourth switch transistor T4 and the fifth switch
transistor T5 to be switched off, and the organic light-
emitting element E does not emit light; a high level is
provided at the second scan signal terminal S2 to control the
sixth switch transistor T6 to be switched off; a low level is
provided at the first scan signal terminal S to control the first
switch transistor T1, the third switch transistor T3 and the
fifth switch transistor T5 to be switched on, so that the first
driving transistor Td1 and the second driving transistor Td2
are connected in parallel and the data signal of the data
signal terminal VDATA charges the third node N3 through
the first driving transistor Td1l and the second driving
transistor Td2, with reference to FIG. 6 and the above
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description with respect to FIG. 6, the potential V, of the
third node N3 satisfies the equation

1 4k 1
- =—I+ ;
Vi-Vi=Vy ¢ Vs+ Vi —ref

and a high level is provided at the second scan signal
terminal S2 to control the seventh switch transistor T7 to be
switched off.

[0057] In the light-emitting phase t3, a low level is pro-
vided at the light-emitting control signal terminal EMIT to
control the fourth switch transistor T4 and the fifth switch
transistor T5 to be switched on; a high level is provided at
the second scan signal terminal S2 to control the sixth switch
transistor T6 to be switched off; a high level is provided at
the first scan signal terminal S1 to control the first switch
transistor T1, the third switch transistor T3, and the fifth
switch transistor T5 to be switched off; a high level is
provided at the second scan signal terminal S2 to control the
seventh switch transistor T7 to be switched off; the potential
at the third node N3 is maintained at V, under control of the
storage capacitor C; the driving current I is generated by the
first driving transistor Td1 and the second driving transistor
Td2 under control of the potential at the third node N3. With
reference to FIG. 7 and the abovementioned description with
respect to FIG. 7, the driving current I satisfies the following
equation”

[ =k(V, — VDD - V)

2

=k ————+ V- VDD| .

e —
¢ Vi+Vy—ref

[0058] It should be noted that FIG. 9 is metely a schematic
structural diagram of an exemplary organic light-emitting
pixel driving circuit in the embodiments of the present
disclosure. The structure of the organic light-emitting pixel
driving circuit is not limited herein by the present disclosure,
as long as the two driving transistors are connected in
parallel to perform charging in the compensation phase, and
the two driving transistors are connected in series to gener-
ate a driving current in the light-emitting phase.

[0059] FIG. 11 is a schematic structural diagram of a
display panel according to an embodiment of the present
disclosure. As shown in FIG. 11, an embodiment of the
present disclosure provides a display panel including the
organic light-emitting pixel driving circuit 1 described
above.

[0060] The structure, principle, and driving method of the
organic light-emitting pixel driving circuit are the same as
those in the above embodiments, and will not be further
described herein.

[0061] For the display panel provided by the embodiments
of the present disclosure, the two driving transistors are
connected in parallel to perform charging in the compensa-
tion phase, and the two driving transistors are connected in
series to generate a driving current in the light-emitting
phase. In this way, the charging speed in the compensation
phase is increased, thereby improving the poor display
caused by insuflicient charging time. Moreover, the thresh-
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old voltage drift can be more effectively compensated,
thereby improving the poor display caused by the threshold
drift.

[0062] In an embodiment, the display panel includes: a
plurality of sub-pixels arranged in an array, each of which
includes an organic light-emitting pixel driving circuit 1; a
plurality of data lines 2 extending along a first direction h
and arranged along a second direction h2, every n data lines
2 of which form a set of data lines 20; a source signal line
3 corresponding to each set of data lines 20; and a multi-
plexer 4 corresponding to each set of data lines 20. The
multiplexer 4 includes: strobe terminals 41 electrically con-
nected to the data lines 2 of the respective set 20 of data
lines; and a communication terminal 42 electrically con-
nected to the source signal line 3. The multiplexer 4 is
configured to make the communication terminal 42 time-
divisionally communicate with each of the strobe terminals
41.

[0063] With the multiplexers 4, space occupied by the data
lines 2 in the non-display area can be reduced, and pins of
the driving chip can be reduced, so that the data lines 2 of
each set 20 of data lines can be electrically connected to a
same source signal line 3 through the respective multiplexer
4. Then, the source signal line 3 is connected to the driving
chip. The data line 2 is electrically connected to the data
signal terminal VDATA in each column of the organic
light-emitting pixel driving circuit in the display area. The
driving chip time-divisionally provides a data voltage to the
data lines 2 of each set 20 of data lines through the respective
source signal line 3. However, this reduces the time for the
driving chip to provide the data voltage to each data line 2,
thereby reducing the duration of the compensation phase.
Therefore, the display panel provided with the multiplexer 4
is more applicable for the organic light-emitting pixel driv-
ing circuit in the embodiments of the present disclosure.
[0064] FIG. 12 is a schematic structural diagram of a
display device according to an embodiment of the present
disclosure. As shown in FIG. 12, an embodiment of the
present disclosure provides a display device, including the
display panel described above.

[0065] The structure and principle of the display panel 100
are the same as those in the above embodiments, and details
are not further described herein. The display device may be
any electronic device having a display function, such as a
touch display screen, a cellphone, a tablet computer, a
notebook computer, an electronic paper book, or a televi-
sion.

[0066] For the display device provided by the embodi-
ments of the present disclosure, the two driving transistors
are connected in parallel to perform charging in the com-
pensation phase, and the two driving transistors are con-
nected in series to generate a driving current in the light-
emitting phase. In this way, the charging speed in the
compensation phase is increased, thereby improving the
poor display caused by insufficient charging time. Moreover,
the threshold voltage drift can be more effectively compen-
sated, thereby improving the poor display caused by the
threshold drift.

What is claimed is:
1. An organic light-emitting pixel driving circuit, com-
prising:
a first driving transistor having a first terminal electrically
connected to a first node, a second terminal electrically
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connected to a second node, and a control terminal
electrically connected to a third node;

a second driving transistor having a first terminal electri-
cally connected to the second node, a second terminal
electrically connected to a fourth node, and a control
terminal electrically connected to the third node;

a first switch transistor having a first terminal electrically
connected to a data signal terminal, and a second
terminal electrically connected to the first node;

a second switch transistor having a first terminal electri-
cally connected to the data signal terminal, and a
second terminal electrically connected to the fourth
node;

a third switch transistor having a first terminal electrically
connected to the third node, and a second terminal
electrically connected to the second node; and

a storage device electrically connected to the third node.

2. The organic light-emitting pixel driving circuit accord-
ing to claim 1, wherein the first switch transistor, the second
switch transistor, and the third switch transistor each have a
control terminal electrically connected to a first scan signal
terminal.

3. The organic light-emitting pixel driving circuit accord-
ing to claim 2, further comprising:

a fourth switch transistor having a first terminal electri-
cally connected to a first voltage supply terminal, a
second terminal electrically connected to the first node,
and a control terminal electrically connected to a light-
emitting control signal terminal,

a fifth switch transistor having a first terminal electrically
connected to the fourth node, a second terminal elec-
trically connected to a fifth node, and a control terminal
electrically connected to the light-emitting control sig-
nal terminal; and

an organic light-emitting element having an anode elec-
trically connected to the fifth node, and a cathode
electrically connected to a second voltage supply ter-
minal.

4. The organic light-emitting pixel driving circuit accord-
ing to claim 3, wherein the storage device comprises a
storage capacitor, and the storage capacitor has a first
terminal electrically connected to the first voltage supply
terminal, and a second terminal electrically connected to the
third node.

5. The organic light-emitting pixel driving circuit accord-
ing to claim 3, further comprising:

a sixth switch transistor having a first terminal electrically
connected to a reference voltage terminal, a second
terminal electrically connected to the third node, and a
control terminal electrically connected to a second scan
signal terminal.

6. The organic light-emitting pixel driving circuit accord-

ing to claim 5, further comprising:

a seventh switch transistor having a first terminal electri-
cally connected to the reference voltage terminal, a
second terminal electrically connected to the fifth node,
and a control terminal electrically connected to the
second scan signal terminal.

7. A driving method, applied in the organic light-emitting

pixel driving circuit according to claim 1, comprising:

in a compensation phase, controlling the first switch
transistor, the second switch transistor, and the third
switch transistor to be switched on, so that the first
driving transistor and the second driving transistor are
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connected in parallel and a data signal of the data signal
terminal charges the third node through the first driving
transistor and the second driving transistor; and

in a light-emitting phase, controlling the first switch
transistor, the second switch transistor, and the third
switch transistor to be switched off, so that the first
driving transistor and the second driving transistor are
connected in series to generate a driving current for
light-emitting under control of a voltage at the third
node.

8. The driving method according to claim 7, wherein the
first switch transistor, the second switch transistor, and the
third switch transistor each have a control terminal electri-
cally connected to a first scan signal terminal,

in the compensation phase, the first switch transistor, the
second switch transistor, and the third switch transistor
are switched on in response to a switch-on level of the
first scan signal terminal, so that the first driving
transistor and the second driving transistor are con-
nected in parallel and the data signal of the data signal
terminal charges the third node through the first driving
transistor and the second driving transistor; and

in the light-emitting phase, the first switch transistor, the
second switch transistor, and the third switch transistor
are switched off in response to a switch-off level of the
first scan signal terminal, so that the first driving
transistor and the second driving transistor are con-
nected in series to generate the driving current for
light-emitting under control of the voltage at the third
node.

9. The driving method according to claim 8, wherein the
organic light-emitting pixel driving circuit further com-
prises:

a fourth switch transistor having a first terminal electri-
cally connected to a first voltage supply terminal, a
second terminal electrically connected to the first node,
and a control terminal electrically connected to a light-
emitting control signal terminal;

a fifth switch transistor having a first terminal electrically
connected to the fourth node, a second terminal elec-
trically connected to a fifth node, and a control terminal
electrically connected to the light-emitting control sig-
nal terminal; and

an organic light-emitting element having an anode elec-
trically connected to the fifth node, and a cathode
electrically connected to a second voltage supply ter-
minal,

wherein in the compensation phase, the fourth switch
transistor and the fifth switch transistor are switched off
in response to a switch-off level of the light-emitting
control signal terminal; and

in the light-emitting phase, the fourth switch transistor
and the fifth switch transistor are switched on in
response to a switch-on level of the light-emitting
control signal terminal, and the organic light-emitting
element emits light under control of the driving current.

10. The driving method according to claim 9, wherein the
organic light-emitting pixel driving circuit further com-
prises:

asixth switch transistor having a first terminal electrically
connected to a reference voltage terminal, a second
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terminal electrically connected to the third node, and a
control terminal electrically connected to a second scan
signal terminal,

wherein the driving method further comprises:

in a reset phase, switching on the sixth switch transistor
in response to a switch-on level of the second scan
signal terminal, and transmitting a reference voltage of
the reference voltage terminal to the third node to reset
the third node; switching off the first switch transistor,
the second switch transistor and the third switch tran-
sistor in response to the switch-off level of the first scan
signal terminal; and switching off the fourth switch
transistor and the fifth switch transistor in response to
the switch-off level of the light-emitting control signal
terminal;

in the compensation phase, switching off the sixth switch
transistor in response to a switch-off level of the second
scan signal terminal; and

in the light-emitting phase, switching off the sixth switch
transistor in response to the switch-off level of the
second scan signal terminal.

11. The driving method according to claim 10, wherein
the organic light-emitting pixel driving circuit further com-
prises:

a seventh switch transistor having a first terminal electri-
cally connected to the reference voltage terminal, a
second terminal electrically connected to the fifth node,
and a control terminal electrically connected to the
second scan signal terminal,

wherein the driving method further comprises:

in the reset phase, switching on the seventh switch tran-
sistor on in response to the switch-on level of the
second scan signal terminal, and transmitting he refer-
ence voltage of the reference voltage terminal to the
fifth node to reset the anode of the organic light-
emitting element;

in the compensation phase, switching off the seventh
switch transistor in response to the switch-off level of
the second scan signal terminal; and

in the light-emitting phase, switching off the seventh
switch transistor in response to the switch-off level of
the second scan signal terminal.

12. A display panel, comprising the organic light-emitting

pixel driving circuit according to claim 1.

13. The display panel according to claim 12, comprising:

a plurality of sub-pixels arranged in an array, each of the
plurality of sub-pixels comprising the organic light-
emitting pixel driving circuit;

a plurality of data lines extending along a first direction
and arranged along a second direction, wherein every n
data lines of the plurality of data lines form a set of data
lines;

a source signal line corresponding to each set of data
lines;

a multiplexer corresponding to each set of data lines,
wherein the multiplexer comprises: strobe terminals
electrically connected to data lines of the set of data
lines, and a communication terminal electrically con-
nected to the source signal line, and the multiplexer is
configured to make the communication terminal time-
divisionally communicate with each of the strobe ter-
minals.
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