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(54) PIXEL DRIVE CIRCUIT AND DRIVE METHOD THEREFOR, DISPLAY PANEL AND DISPLAY 
APPARATUS

(57) The embodiments of the present disclosure re-
late to display technology and provide a pixel driving cir-
cuit and an associated driving method, a display panel
and a display apparatus, capable of avoiding influence
of a drifting threshold voltage of a driving transistor on a
driving current of an active light emitting device. The pixel

driving circuit comprises a compensating unit, a data writ-
ing unit, a driving unit, a first energy storage unit, a second
energy storage unit and a display unit. The embodiments
of the present disclosure are applicable to display man-
ufacture.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to display tech-
nology, and more particularly, to a pixel driving circuit
and an associated driving method, a display panel and
a display apparatus.

BACKGROUND

[0002] Active Matrix Organic Light Emitting Diodes, or
AMOLEDs, have advantages such as low power con-
sumption, low production cost, wide view angle and fast
responding speed. Organic Light Emitting Diodes
(OLEDs) are current-driven and their working principle
is to combine electrons and hole to generate radiation
light, i.e., to convert electric energy directly into light en-
ergy. Hence, they require stable currents for controlling
light emission while displaying.
[0003] Conventionally, an OLED is driven by a Drive
Thin Film Transistor (DTFT), which can be a P-type
switching transistor. The DTFT has its gate connected
to a data input terminal Vdata, its source connected to a
constant-voltage power supply input terminal VDD, and
its drain connected to the OLED. The voltage difference
VGS is created between VDD at the source and Vdata at
the gate, such that the OLED connected to the drain the
DTFT is on, with a driving current of the OLED IOLED =
K(VGS - Vth)2, where Vth is a threshold voltage of the
DTFT itself and K is a constant.
[0004] It can be seen from the above formula of the
driving current that the driving current IOLED flowing
through the OLED will be influenced by the threshold
voltage Vth of the DTFT. Due to deviations in the manu-
facture process and aging of the equipment, the thresh-
old voltage Vth of the DTFT may drift across respective
pixel units, resulting in errors in the driving current flowing
through the OLED and, in turn, a degraded display effect.

SUMMARY

[0005] The embodiments of the present disclosure pro-
vide a pixel driving circuit and an associated driving meth-
od, a display panel and a display apparatus, capable of
avoiding influence of a drifting threshold voltage of a DT-
FT on a driving current of an active light emitting device
and thereby improving evenness of a displayed image.
[0006] In an aspect of the present disclosure, a pixel
driving circuit is provided. The pixel driving circuit com-
prises: a compensating unit connected to a first level ter-
minal, a reset signal terminal, a control signal terminal,
a reference signal terminal, a first node, a second node
and a third node, and configured to write a level at the
first level terminal to the second node and the third node
under control of the control signal terminal and the reset
signal terminal and write a level at the reference signal
terminal to the first node under control of the reset signal

terminal; a data writing unit connected to a scan signal
terminal, a data signal terminal and the second node,
and configured to write a signal at the data signal terminal
to the second node under control of the scan signal ter-
minal; a first energy storage unit connected to the first
node and the second node, and configured to store a
voltage between the first node and the second node; a
second energy storage unit connected to the first level
terminal and the second node, and configured to store a
voltage between the first level terminal and the second
node; a driving unit connected to the first node, the third
node and the display unit, and configured to output a
driving signal under control of the first node and the third
node; and a display unit connected to the driving unit and
the second level terminal, and configured to display gray-
scales under control of the driving signal and the second
level terminal.
[0007] Preferably, the compensating unit can comprise
a second transistor, a third transistor and a fourth tran-
sistor. The second transistor has its gate connected to
the reset signal terminal, its first electrode connected to
the third node, and its second electrode connected to the
second node. The third transistor has its gate connected
to the control signal terminal, its first electrode connected
to the first level terminal, and its second electrode con-
nected to the third node. The fourth transistor has its gate
connected to the reset signal terminal, its first electrode
connected to the reference signal terminal, and its sec-
ond electrode connected to the first node.
[0008] Preferably, the data writing unit comprises: a
first transistor having its gate connected to the scan signal
terminal, its first electrode connected to the data signal
terminal and its second electrode connected to the sec-
ond node.
[0009] Preferably, the driving unit comprises a driving
transistor having its gate connected to the first node, its
first electrode connected to the third node and its second
electrode connected to the display unit.
[0010] Preferably, the first energy storage unit com-
prises a first capacitor having its first terminal connected
to the first node and its second terminal connected to the
second node.
[0011] Preferably, the second energy storage unit
comprises a second capacitor having its first terminal
connected to the first level terminal and its second ter-
minal connected to the second node.
[0012] Preferably, the display unit comprises an Or-
ganic Light Emitting Diode (OLED) having its first elec-
trode connected to the driving unit and its second elec-
trode connected to the second level terminal.
[0013] In another aspect of the present disclosure, a
display panel is provided. The display panel comprises
the above pixel driving circuit.
[0014] In another aspect of the present disclosure, a
display apparatus is provided. The display apparatus
comprises the above display panel.
[0015] In yet another aspect of the present disclosure,
a driving method for the above pixel driving circuit is pro-
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vided. The method comprises: a first phase in which the
compensating unit writes a level at the first level terminal
to the second node and the third node under control of
the reset signal terminal and the control signal terminal
and writes a level at the reference signal terminal to the
first node under control of the reset signal terminal; a
second phase in which the second node is discharged
via the driving unit and the display unit, and the first en-
ergy storage unit stores a threshold voltage of the driving
unit; a third phase in which the data writing unit writes a
signal at the data signal terminal to the second node un-
der control of the scan signal terminal; and a fourth phase
in which the compensating unit writes the level at the first
level terminal to the third node under control of the control
signal terminal, the second energy storage unit stores a
voltage between the second node and the first level ter-
minal, the first energy storage unit stores a voltage be-
tween the second node and the first node, and driving
unit outputs a driving signal to the display, and the display
unit displays grayscales under control of the driving sig-
nal and the second level terminal.
[0016] Preferably, the compensating unit comprises a
second transistor, a third transistor and a fourth transis-
tor. In the first phase, the second transistor, the third tran-
sistor and the fourth transistor are all on, such that the
level at the first level terminal is written to the third node
via the third transistor and to the second node via the
second transistor and the third transistor, and the level
at the reference signal terminal is written to the first node
via the fourth transistor. In the second phase, the second
transistor and the fourth transistor are on, while the third
transistor is off. In the third phase, the second transistor,
the third transistor and the fourth transistor are all off. In
the fourth phase, the second transistor and the fourth
transistor are off, while the third transistor is on, such that
the level at the first level terminal is written to the third
node via the third transistor.
[0017] Preferably, the data writing unit comprises a first
transistor. In the first phase, the first transistor is off. In
the second phase, the first transistor is off. In the third
phase, the first transistor is on, such that the signal at
the data signal terminal is written to the second node via
the first transistor. In the fourth phase, the first transistor
is off.
[0018] The embodiments of the present disclosure pro-
vide a pixel driving circuit and an associated driving meth-
od, a display panel and a display apparatus, capable of
avoiding influence of a drifting threshold voltage of a driv-
ing transistor in a driving unit on a driving current of an
active light emitting device by providing a compensating
unit for compensating for the threshold voltage of the
driving unit and thereby improving evenness of a dis-
played image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In order to illustrate the solutions according to
the embodiments of the present application clearly, the

figures used for description of the embodiments will be
introduced briefly here. It is apparent to those skilled in
the art that the figures described below only illustrate
some embodiments of the present disclosure and other
figures can be obtained from these figures without ap-
plying any inventive skills.

Fig. 1 is a schematic diagram showing a structure of
a pixel driving circuit according to an embodiment of
the present disclosure;

Fig. 2 is a schematic diagram showing an exemplary
circuit structure of the pixel driving circuit shown in
Fig. 1;

Fig. 3 is a schematic diagram showing a signal timing
sequence/state for the pixel driving circuit shown in
Fig. 2;

Fig. 4a is a schematic diagram showing an equiva-
lent circuit of the pixel driving circuit shown in Fig. 2
in a first time period;

Fig. 4b is a schematic diagram showing an equiva-
lent circuit of the pixel driving circuit shown in Fig. 2
in a second time period;

Fig. 4c is a schematic diagram showing an equiva-
lent circuit of the pixel driving circuit shown in Fig. 2
in a third time period;

Fig. 4d is a schematic diagram showing an equiva-
lent circuit of the pixel driving circuit shown in Fig. 2
in a fourth time period; and

Fig. 5 is a schematic diagram showing a compensa-
tion effect for a threshold voltage of a pixel driving
circuit according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0020] In the following, the solutions according to the
embodiments of the present disclosure will be described
clearly and fully with reference to the figures. Obviously,
the embodiments described below are only some, rather
than all, of the embodiments. Starting from the embodi-
ments of the present disclosure, those skilled in the art
can obtain other embodiments with applying any inven-
tive skills. All these embodiments are to be encompassed
by the scope of the present disclosure.
[0021] In all the embodiments of the present disclo-
sure, each transistor can be a Thin Film Transistor (TFT),
a Field Effect Transistor (FET) or any other device having
the same characteristics. The transistors in the embod-
iments of the present disclosure are mainly switching
transistors, depending on their functions in circuits. Since
the gate and drain of each switching transistor as used
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herein are symmetric, they can be interchangeable. In
the embodiments of the present disclosure, for a P-type
transistor as an example, two electrodes other than the
gate are referred to as a first electrode and a second
electrode, respectively. It can be appreciated by those
skilled in the art that the switching transistors in the em-
bodiments of the present disclosure may include both P-
type and N-type switching transistors. Here, a P-type
switching transistor is on when its gate is at a low level
and off when its gate is at a high level. An N-type switching
transistor is on when its gate is at a high level and off
when its gate is at a low level. A driving transistor can be
P-type or N-type. A P-type driving transistor is in an am-
plification or saturation state when its gate voltage is at
a low level (lower than its source voltage) and the abso-
lute value of the voltage difference between its gate and
source is larger than a threshold voltage. An N-type driv-
ing transistor is in an amplification or saturation state
when its gate voltage is at a high level (higher than its
source voltage) and the absolute value of the voltage
difference between its gate and source is larger than a
threshold voltage.
[0022] Fig. 1 is a schematic diagram showing a struc-
ture of a pixel driving circuit according to an embodiment
of the present disclosure. As shown in Fig. 1, the pixel
driving circuit according to the embodiment of the present
disclosure can include: a compensating unit 11, a data
writing unit 12, a driving unit 13, a first energy storage
unit 14, a second energy storage unit 15 and a display
unit 16.
[0023] The compensating unit 11 is connected to a first
level terminal, V1, a reset signal terminal, RESET, a con-
trol signal terminal, EM, a reference signal terminal, Vref,
a first node, A, a second node, B and a third node, C.
The compensating unit 11 is configured to write a level
at the first level terminal V1 to the second node B and
the third node C under control of the control signal ter-
minal EM and the reset signal terminal RESET, and write
a level at the reference signal terminal Vref to the first
node A under control of the reset signal terminal RESET.
[0024] The data writing unit 12 is connected to a scan
signal terminal, SCAN, a data signal terminal, DATA, and
the second node B, and is configured to write a signal at
the data signal terminal DATA to the second node B un-
der control of the scan signal terminal SCAN.
[0025] The first energy storage unit 14 is connected to
the first node A and the second node B, and is configured
to store a voltage between the first node A and the second
node B.
[0026] The second energy storage unit 15 is connected
to the first level terminal V1 and the second node B, and
is configured to store a voltage between the first level
terminal V1 and the second node B.
[0027] The driving unit 13 is connected to the first node
A, the third node C and the display unit 16, and is con-
figured to output a driving signal to the display unit 16
under control of the first node A and the third node C.
[0028] The display unit 16 is connected to the driving

unit 13 and the second level terminal V2, and is config-
ured to display grayscales under control of the driving
signal 13 and the second level terminal V2.
[0029] In order to compensate for the threshold voltage
of the driving unit, the functions of the respective units
are described as follows. First, the compensating unit 11
writes the level at the first level terminal to the second
node and the third node under control of the reset signal
terminal and the control signal terminal, and writes the
level at the reference signal terminal to the first node
under control of the reset signal terminal. Next, the sec-
ond node is discharged via the driving unit and the display
unit, and the first energy storage unit stores a threshold
voltage of the driving unit. Then, the data writing unit
writes the signal at the data signal terminal to the second
node under control of the scan signal terminal. Finally,
the compensating unit writes the level at the first level
terminal to the third node under control of the control
signal terminal, the second energy storage unit stores
the voltage between the second node and the first level
terminal, the first energy storage unit stores the voltage
between the second node and the first node, the driving
unit outputs the driving signal to the display unit, and the
display unit displays grayscales under control of the driv-
ing signal and the second level terminal. Since the first
energy storage unit stores the threshold voltage of the
driving unit, in the light emission phase, the stored thresh-
old voltage can be used directly to compensate for the
threshold voltage of the driving unit.
[0030] Fig. 2 is a schematic diagram showing an ex-
emplary circuit structure of the pixel driving circuit shown
in Fig. 1. The exemplary circuit structure of the pixel driv-
ing circuit according to the embodiment of the present
disclosure will be described below with reference to Fig.
1 and Fig. 2. As shown in Fig. 2, the compensating unit
11 of the pixel driving circuit includes a second transistor,
M2, a third transistor, M3, and a fourth transistor, M4.
The second transistor M2 has its gate connected to the
reset signal terminal RESET, its first electrode connected
to the third node C, and its second electrode connected
to the second node B. The third transistor M3 has its gate
connected to the control signal terminal EM, its first elec-
trode connected to the first level terminal V1, and its sec-
ond electrode connected to the third node C. The fourth
transistor M4 has its gate connected to the reset signal
terminal RESET, its first electrode connected to the ref-
erence signal terminal Vref, and its second electrode con-
nected to the first node A.
[0031] The data writing unit 12 can include: a first tran-
sistor M1 having its gate connected to the scan signal
terminal SCAN, its first electrode connected to the data
signal terminal DATA and its second electrode connected
to the second node B.
[0032] The driving unit 13 includes a driving transistor,
MDT, having its gate connected to the first node A, its
first electrode connected to the third node C and its sec-
ond electrode connected to the display unit 16.
[0033] The first energy storage unit 14 includes a first
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capacitor, C1, having its first terminal connected to the
first node A and its second terminal connected to the
second node B.
[0034] The second energy storage unit 15 includes a
second capacitor, C2, having its first terminal connected
to the first level terminal V1 and its second terminal con-
nected to the second node B.
[0035] The display unit 16 includes an Organic Light
Emitting Diode (OLED) having its first electrode connect-
ed to the driving unit 13 and its second electrode con-
nected to the second level terminal V2.
[0036] In order to compensate for the threshold voltage
of the driving unit, the functions of the respective units
are described as follows. First, in the compensating unit
11, the reset signal terminal controls the transistor M2,
and the control signal terminal controls M3, to write the
level at the first level terminal to the second node B and
the third node C, and the reset signal terminal controls
the transistor M4 to write the level at the reference signal
terminal to the first node. Next, the second node is dis-
charged via the driving transistor MDT in the driving unit
and the OLED in the display unit, and the capacitor C1
in the first energy storage unit stores the threshold volt-
age of the driving transistor MDT in the driving unit. Then,
the scan signal terminal in the data writing unit controls
the transistor M1 to write the signal at the data signal
terminal to the second node under. Finally, the control
signal terminal in the compensating unit controls the tran-
sistor M3 to write the level at the first level terminal to the
third node, the capacitor C2 in the second energy storage
unit stores the voltage between the second node and the
first level terminal, the capacitor C1 in the first energy
storage unit stores the voltage between the second node
and the first node, the MDT in the driving unit outputs the
driving signal to the OLED in the display unit, and the
OLED in the display unit displays grayscales under con-
trol of the driving signal and the second level terminal.
Since the capacitor C1 in the first energy storage unit
stores the threshold voltage of the MDT in the driving
unit, in the light emission phase, the stored threshold
voltage can be used directly to compensate for the
threshold voltage of the MDT in the driving unit.
[0037] The above transistors are all N-type or P-type
transistors. Of course, in the manufacture process of dis-
play panels, it is advantageous to use the same type of
transistors to reduce the manufacture process and en-
sure the uniformity of the device performance. In the
above embodiment, P-type transistors are used. Further,
the light emitting device here can be an OLED. When the
first electrode of the OLED is anode, the level V2 at the
second level terminal is lower than the level V1 at the first
level terminal. Preferably, the low level is a ground ter-
minal. Of course, Fig. 2 is described assuming the first
electrode of the OLED to be anode.
[0038] Referring to the pixel driving circuit according
to the embodiment of the present disclosure as described
above, a driving method for the above pixel driving circuit
is provided. The driving method can include: a first phase

in which the compensating unit writes a level at the first
level terminal to the second node and the third node un-
der control of the reset signal terminal and the control
signal terminal and writes a level at the reference signal
terminal to the first node under control of the reset signal
terminal; a second phase in which the second node is
discharged via the driving unit and the display unit, and
the first energy storage unit stores a threshold voltage of
the driving unit; a third phase in which the data writing
unit writes a signal at the data signal terminal to the sec-
ond node under control of the scan signal terminal; and
a fourth phase in which the compensating unit writes the
level at the first level terminal to the third node under
control of the control signal terminal, the second energy
storage unit stores a voltage between the second node
and the first level terminal, the first energy storage unit
stores a voltage between the second node and the first
node, and driving unit outputs a driving signal to the dis-
play, and the display unit displays grayscales under con-
trol of the driving signal and the second level terminal.
[0039] Optionally, the compensating unit includes a
second transistor, a third transistor and a fourth transis-
tor. In the first phase, the second transistor, the third tran-
sistor and the fourth transistor are all on, such that the
level at the first level terminal is written to the third node
via the third transistor and to the second node via the
second transistor and the third transistor, and the level
at the reference signal terminal is written to the first node
via the fourth transistor. In the second phase, the second
transistor and the fourth transistor are on, while the third
transistor is off. In the third phase, the second transistor,
the third transistor and the fourth transistor are all off. In
the fourth phase, the second transistor and the fourth
transistor are off, while the third transistor is on, such that
the level at the first level terminal is written to the third
node via the third transistor.
[0040] Optionally, the data writing unit includes a first
transistor. In the first phase, the first transistor is off. In
the second phase, the first transistor is off. In the third
phase, the first transistor is on, such that the signal at
the data signal terminal is written to the second node via
the first transistor. In the fourth phase, the first transistor
is off.
[0041] In this context, it is assumed that the transistors
M1-M4 and the driving transistor DTFT are all P-type
switching transistors. The terminal V1 is a high-level VDD
signal and the terminal V2 is a low-level VSS signal. Re-
ferring to the pixel driving circuit as shown in Fig. 2, a
schematic diagram of signal timing sequence/state for
the pixel driving circuit as shown in Fig. 3, and schematic
diagrams of equivalent circuits of the pixel driving circuit
in operation states in respective phases as shown in Figs.
4a-4d, a driving method for the pixel driving circuit is pro-
vided according to an embodiment of the present disclo-
sure. The working principles of the circuit can be divided
into four parts, a first phase T1 of resetting, a second
phase T2 of writing the threshold voltage to the driving
transistor, a third phase T3 of writing the data signal, and
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the fourth phase T4 of light emitting.
[0042] In the resetting phase (T1), RESET=0, EM=0
and SCAN=1. It is to be noted that in the following em-
bodiment, "0" indicates a low level and "1" indicates a
high level. Referring to the equivalent circuit diagram
shown in Fig. 4a, RESET and EM are low-voltage on
signals and SCAN is a high-voltage off signal. RESET
turns on the transistors M2 and M4. M2 being turned on
allows the nodes B and C to be connected via M2. M4
being turned on allows the Vref signal at the Vref terminal
to be written to the node A. EM turns on the transistor
M3 and writes the VDD signal to the node C. Hence, the
potentials at the nodes A and B of the capacitors C1 and
C2 are reset to the potentials of Vref and VDD, respec-
tively.
[0043] In the threshold voltage writing phase (T2), RE-
SET=0, EM=1 and SCAN=1. During this phase, RESET
is a low-voltage on signal and SCAN and EM are high-
voltage off signals. In this case, EM turns off M3, such
that the VDD signal written in the phase T1 at the node
B is discharged via the driving transistor MDT and the
OLED, until the source potential of the driving transistor
MDT is so low that the MDT is in a critical state before
off or in an off state. Then, the potential at the node B
becomes Vref-Vth, where Vth is the threshold voltage of
MDT. Hence, the voltages at the two terminals of the
capacitor C1 are Vref at the node A and Vref-Vth at the
node B, respectively. The capacitor C1 then maintains
the threshold voltage of MDT at C1.
[0044] In the output writing phase (T3), RESET=1,
EM=1 and SCAN=0. In this case, only SCAN is a low-
voltage on signal, while RESET and EM are both high-
voltage off signals. SCAN turns on the transistor M1 and
writes the Vdata signal at the data signal terminal DATA
to the node B via M1. At this time, the other node A of
the capacitor C1 is floating. In accordance with the law
of charge conservation of capacitor, the charge quantity
of the capacitor C1 before the change is (Vref-Vth-
Vref)*C1. Assuming that the potential at the node A after
the change is X, the charge quantity after the change will
be (Vdata-X)*C1. The charge quantity remains the same
before and after the change, that is, (Vref-Vth-Vref)*C1=
(Vdata-X)*C1, i.e., X=Vdata+Vth.
[0045] In the light emitting phase (T4), RESET=1,
EM=0, SCAN=1. RESET and SCAN are high-voltage off
signals and EM is a low-voltage on signal. Since M2 is
off, the node B and the node C will be interfere with each
other. The potential at the node B can be stored by the
capacitor C2 and the potential VDD at the terminal V1.
In this case, the charge at the node A can stored by the
node B and C1 indirectly, so as to keep the potential at
the node A in the light emitting phase the same as in the
phase T3, i.e., Vdata +Vth. Since the driving transistor
MDT is in the saturation state, it can be obtained in ac-
cordance with the formula of current in saturation region
of transistor that: 

where VGS is the difference between the source and the

gate of MDT,  m and Cox are process

constants, W is the channel width of MDT, and L is the
channel length of the transistor. Both W and L are se-
lectable constants. Hence, the amplitude of the current
is only dependent on SD and VDD.
[0046] It can be seen from the above equation that the
working current IOLED is not influenced by the threshold
voltage Vth and is dependent only on Vdata. In this way,
the problem associated with the drifting threshold voltage
of the driving transistor MDT due to manufacture process
and long-term operation can be solved. Its influence on
IOLED can be eliminated to ensure the normal function of
the OLED.
[0047] Fig. 5 shows current variations as the threshold
voltage of the driving transistor MDT varies when the
circuit structure is at high and low grayscales. As shown
in Fig. 5, the vertical axis denotes current different ratio
and the horizontal axis denotes threshold voltage drifting.
In the high grayscale state, when the current difference
ratio ranges from -2% to 2%, the threshold voltage drifting
can be constrained to -0.3V to 0.3V. In the low grayscale
state, when the current difference ratio ranges from 4%
to -8%, the threshold voltage drifting can be constrained
to -0.3V to 0.3V. That is, no matter in the high or low
grayscale state, given a current different ratio that meets
the normal operation condition, the threshold voltage
drifting of MDT can be constrained to a small range.
Hence, it can be seen that the above solution has a good
compensation effect for the variation of Vth.
[0048] According to an embodiment of the present dis-
closure, a display panel is provided. The display panel
includes the above pixel driving circuit.
[0049] According to an embodiment of the present dis-
closure, a display apparatus is provided. The display ap-
paratus includes the above display panel.
[0050] Further, the display apparatus can be an e-pa-
per, a mobile phone, a television, a digital frame or any
other display device.
[0051] The display apparatus according to the embod-
iment of the present disclosure is capable of avoiding
influence of a drifting threshold voltage of a driving tran-
sistor in a driving unit on a driving current of an active
light emitting device by providing a compensating unit for
compensating for the threshold voltage of the driving unit
and thereby improving evenness of a displayed image.
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[0052] While the embodiments of the present invention
have been described above, the scope of the present
invention is not limited thereto. Various modifications and
alternatives can be made by those skilled in the art with-
out departing from the scope of the present disclosure.
These modifications and alternatives are to be encom-
passed by the scope of the present invention which is
only defined by the claims as attached.

Claims

1. A pixel driving circuit, comprising:

a compensating unit connected to a first level
terminal, a reset signal terminal, a control signal
terminal, a reference signal terminal, a first
node, a second node and a third node, and con-
figured to write a level at the first level terminal
to the second node and the third node under
control of the control signal terminal and the re-
set signal terminal and write a level at the refer-
ence signal terminal to the first node under con-
trol of the reset signal terminal;
a data writing unit connected to a scan signal
terminal, a data signal terminal and the second
node, and configured to write a signal at the data
signal terminal to the second node under control
of the scan signal terminal;
a first energy storage unit connected to the first
node and the second node, and configured to
store a voltage between the first node and the
second node;
a second energy storage unit connected to the
first level terminal and the second node, and
configured to store a voltage between the first
level terminal and the second node;
a driving unit connected to the first node, the
third node and the display unit, and configured
to output a driving signal under control of the
first node and the third node; and
a display unit connected to the driving unit and
the second level terminal, and configured to dis-
play grayscales under control of the driving sig-
nal and the second level terminal.

2. The pixel driving circuit of claim 1, wherein the com-
pensating unit comprises a second transistor, a third
transistor and a fourth transistor, and wherein
the second transistor has its gate connected to the
reset signal terminal, its first electrode connected to
the third node, and its second electrode connected
to the second node,
the third transistor has its gate connected to the con-
trol signal terminal, its first electrode connected to
the first level terminal, and its second electrode con-
nected to the third node, and
the fourth transistor has its gate connected to the

reset signal terminal, its first electrode connected to
the reference signal terminal, and its second elec-
trode connected to the first node.

3. The pixel driving circuit of claim 1 or 2, wherein the
data writing unit comprises: a first transistor having
its gate connected to the scan signal terminal, its first
electrode connected to the data signal terminal and
its second electrode connected to the second node.

4. The pixel driving circuit of any of claims 1-3, wherein
the driving unit comprises a driving transistor having
its gate connected to the first node, its first electrode
connected to the third node and its second electrode
connected to the display unit.

5. The pixel driving circuit of any of claims 1-4, wherein
the first energy storage unit comprises a first capac-
itor having its first terminal connected to the first node
and its second terminal connected to the second
node.

6. The pixel driving circuit of any of claims 1-5, wherein
the second energy storage unit comprises a second
capacitor having its first terminal connected to the
first level terminal and its second terminal connected
to the second node.

7. The pixel driving circuit of any of claims 1-6, wherein
the display unit comprises an Organic Light Emitting
Diode (OLED) having its first electrode connected to
the driving unit and its second electrode connected
to the second level terminal.

8. A display panel, comprising the pixel driving circuit
according to any of claims 1-7.

9. A display apparatus, comprising the display panel
according to claim 8.

10. A driving method for the pixel driving circuit accord-
ing to any of claims 1-7, comprising:

a first phase in which the compensating unit
writes a level at the first level terminal to the sec-
ond node and the third node under control of the
reset signal terminal and the control signal ter-
minal and writes a level at the reference signal
terminal to the first node under control of the
reset signal terminal;
a second phase in which the second node is
discharged via the driving unit and the display
unit, and the first energy storage unit stores a
threshold voltage of the driving unit;
a third phase in which the data writing unit writes
a signal at the data signal terminal to the second
node under control of the scan signal terminal;
and
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a fourth phase in which the compensating unit
writes the level at the first level terminal to the
third node under control of the control signal ter-
minal, the second energy storage unit stores a
voltage between the second node and the first
level terminal, the first energy storage unit stores
a voltage between the second node and the first
node, and driving unit outputs a driving signal to
the display, and the display unit displays gray-
scales under control of the driving signal and the
second level terminal.

11. The method of claim 10, wherein the compensating
unit comprises a second transistor, a third transistor
and a fourth transistor, and wherein
in the first phase, the second transistor, the third tran-
sistor and the fourth transistor are all on, such that
the level at the first level terminal is written to the
third node via the third transistor and to the second
node via the second transistor and the third transis-
tor, and the level at the reference signal terminal is
written to the first node via the fourth transistor,
in the second phase, the second transistor and the
fourth transistor are on, while the third transistor is
off,
in the third phase, the second transistor, the third
transistor and the fourth transistor are all off, and
in the fourth phase, the second transistor and the
fourth transistor are off, while the third transistor is
on, such that the level at the first level terminal is
written to the third node via the third transistor.

12. The method of claim 10, wherein the data writing unit
comprises a first transistor, and wherein
in the first phase, the first transistor is off,
in the second phase, the first transistor is off,
in the third phase, the first transistor is on, such that
the signal at the data signal terminal is written to the
second node via the first transistor, and
in the fourth phase, the first transistor is off.
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