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PIXEL DRIVING CIRCUIT, ARRAY
SUBSTRATE AND DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present disclosure relates to the field of display
apparatus technique, and particularly to a pixel driving cit-
cuit, an array substrate and a display apparatus.

BACKGROUND

[0002] With continual improvements of a scientific and
technological level, an Organic Light-Emitting Diode
(OLED), as alight-emitting device, has been known more and
more by people and has been applied to a display apparatus of
high performance widely. The OLED has a wide application
prospect because of its advantages such as simple manufac-
ture process, high luminous brightness, quick response speed,
low cost, and appropriate operating temperature, etc.

[0003] Depending on different driving manners, the OLED
may be classified as the Passive Matrix Organic Light-Emit-
ting Diode (PMOLED) and the Active Matrix Organic Light-
Emitting Diode (AMOLED). The Passive Matrix driving has
a simple process and a low cost, but it requires a shorter
driving time for a single pixel with the increasing of the size
of a display apparatus thereby the transient current need be
increased and the power consumption increases. Also, the
increasing of the transient current may lead that the voltage
drop on the scan lines and the data lines becomes larger, and
the required operating voltage required is raised, resulting in
a decrease for the display efficiency. Therefore, many com-
panies focus more attention on the Active Matrix driving
manner.

[0004] As a common pixel driving circuit structure in the
Active Matrix driving manner, as shown in FIG. 1, the pixel
driving circuit in the prior art comprises a driving transistor
M1, a switch transistor M2, an organic light-emitting diode
OLED and a capacitor C1. When the scan voltage is at a high
level, the switch transistor M2 is turned on, and the capacitor
C1 is charged by a data voltage signal Vdata of the high level.
When the scan voltage is at a low level, the switch transistor
M2 is turned off, the capacitor C1 is discharged and the
driving transistor M1 is kept in a turn-on state. Therefore, the
driving transistor M1 is in a saturated turn-on state during a
normal operating process. That is, the OLED is in a constant
current control process during the whole operating period.
The driving current of the light-emitting diode OLED satis-
fies an equation as follows, according to the calculation equa-
tion for the leakage current of the transistor:

1 w , 1L w o
lotep = syn-Cox-I-(Vgs—Vthn) :Epn-Cox-z-(Vg—Vs—hhn) s

[0005] where i, is the carrier mobility, C s the value of
the insulating film capacitance at the gate per unit area,

w
L

is the width-length ratio of the driving transistor M1, and
(Vgs-Vthn) is the over-driving voltage of the driving transis-
tor M1. Herein, Vgs is the voltage difference between the gate
and the source of the driving transistor M1, and Vthn is the

Jun. 11, 2015

threshold voltage of the driving transistor M1. Further,
Vgs=Vg-Vs=Vdata-(VOLED+ARVSS), Vdata is the data
voltage, VOLED is the operating voltage of the OLED, and
ARVSS is the common ground terminal voltage. It can be
seen that an effect of controlling the constant current for
driving the OLED may be achieved by controlling the data
voltage Vdata, and since the light-emitting brightness of the
OLED is directly proportional to the constant current, the
purpose of changing the light-emitting brightness of the
OLED may be achieved by controlling the data voltage Vdata.

[0006] However, during the development process, the
inventors find that the prior arts have at least the following
disadvantages: the threshold voltages Vthn of each driving
transistor in the pixel driving circuit in the prior artis different
because of the process limitations or a shift phenomenon
generated under a long time of pressure and a high tempera-
ture, resulting in that the over-driving voltage of the respec-
tive driving transistors are not consistent, and a non-unifor-
mity of the threshold voltages would finally lead to
differences in the display brightness of the display apparatus.

SUMMARY

[0007] To solve the above technique problems, the embodi-
ments of the present disclosure provide a pixel driving circuit,
an array substrate and a display apparatus, which may elimi-
nate the problem of non-uniformity for threshold voltages
and may enhance the display effect fora display apparatus, by
compensating for the threshold voltages of driving transis-
tors.

[0008] The embodiments of the present disclosure utilize
solutions as follows.

[0009] In an aspect of the present disclosure, there is pro-
vided a pixel driving circuit comprising a driving transistor
and an organic light-emitting diode, and the pixel driving
circuit further comprises:

[0010] a charging compensation module for receiving a
data voltage signal, charging the driving transistor and com-
pensating for a threshold voltage of the driving transistor,
under the control of a scan voltage signal; and

[0011] alight-emitting control module for receiving a ref-
erence voltage and a power supply voltage, and controlling
the organic light-emitting diode to emit lights, under the
control of a light-emitting control signal.

[0012] Further, the charging compensation module com-
prises:
[0013] a first capacitor, the first terminal thereof is con-

nected with the gate of the driving transistor; and

[0014] a second transistor, the gate thereof is connected
with the scan voltage signal, the source thereof is connected
with a second terminal of the first capacitor, and the drain
thereof is connected with the data voltage signal.

[0015] Further, the light-emitting control module com-
prises:
[0016] a third transistor, the gate thereof is connected with

the light-emitting control signal, the source thereof is con-
nected with the drain of the driving transistor, and the drain
thereof is connected with the power supply voltage; and

[0017] afourth transistor, the gate thereof'is connected with
the light-emitting control signal, the source thereof is con-
nected with the second terminal of the first capacitor, and the
drain thereof is connected with the reference voltage.
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[0018] Inaddition, the charging compensation module fur-
ther comprises:
[0019] a fifth transistor, the gate thereof is connected with

the scan voltage signal, the source thereof is connected with
the gate of the driving transistor, and the drain thereof is
connected with the drain of the driving transistor.

[0020] Optionally, the transistors are N-type transistors.
[0021] In another aspect of the present disclosure, there is
further provided an array substrate comprising the pixel driv-
ing circuit described above.

[0022] In a still further aspect of the present disclosure,
there is further provided a display apparatus comprising the
array substrate described above.

[0023] The embodiments of the present disclosure provide
a pixel driving circuit, an array substrate and a display appa-
ratus, which are configured with the charging compensation
module and the light-emitting control module and by com-
pensating for the threshold voltages of the driving transistors,
the problem of non-uniformity of the threshold voltages is
eliminated, the problem of non-uniformity in lights emitted
by different pixel units is improved, the driving effect of the
pixel driving circuit is enhanced and the display effect of the
apparatus is also enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In order to explain solutions in embodiments of the
present disclosure or the prior art more clearly, drawings
required in describing the embodiments of the present disclo-
sure or the prior art will be introduced briefly below. Obvi-
ously, the drawings described below are only some embodi-
ments of the present disclosure, and those ordinary skilled in
the art may obtain other drawings according to these drawings
without any inventive labors.

[0025] FIG.1isacircuit diagram illustrating a pixel driving
circuit in the prior art;

[0026] FIG.2isacircuitdiagram illustrating a pixel driving
circuit according to embodiments of the present disclosure;
[0027] FIG. 3 is a second circuit diagram illustrating the
pixel driving circuit according to the embodiments of the
present disclosure;

[0028] FIG. 4 is an operating timing diagram of the pixel
driving circuit according to the embodiments of the present
disclosure;

[0029] FIG. 5is an equivalent circuit diagram of the pixel
driving circuit according to the embodiments of the present
disclosure during a first stage;

[0030] FIG. 6 is an equivalent circuit diagram of the pixel
driving circuit according to the embodiments of the present
disclosure during a second stage; and

[0031] FIG. 7 is a characteristic curve chart illustrating a
rated operating voltage of a light-emitting diode OLED.

DETAILED DESCRIPTION

[0032] Thereafter, solutions in the embodiments of the
present disclosure will be described clearly and completely in
connection with drawings. Obviously, the described embodi-
ments are only some, but not all embodiments of the present
disclosure. Any other embodiments obtained by those ordi-
nary skilled in the art based on the embodiments of the present
disclosure without inventive labors belong to the scope
sought for protection by the present disclosure.

[0033] The embodiments of the present disclosure provide
a pixel driving circuit, as illustrated in FIG. 2, comprising a
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driving transistor M1, an organic light-emitting diode OLED,
a charging compensation module and a light-emitting control
module, wherein:

[0034] the charging compensation module is used for
receiving a data voltage signal Vdata, charging the driving
transistor M1 and compensating for a threshold voltage of the
driving transistor M1, under the control of a scan voltage
signal Vscan; and

[0035] the light-emitting control module is used for receiv-
ing a reference voltage Vref and a power supply voltage VDD,
and controlling the organic light-emitting diode to emit lights,
under the control of a light-emitting control signal EM.
[0036] In particular, the charging compensation module
comprises a second transistor M2 and a first capacitor C1, and
the light-emitting control module comprises a third transistor
M3 and a fourth transistor M4.

[0037] As illustrated in FIG. 3, the driving transistor M1 is
used for driving the organic light-emitting diode OLED to
emit lights;

[0038] the anode of the organic light-emitting diode OLED
is connected with the source of the driving transistor M1, and
the cathode thereof is connected with a common ground
terminal voltage VSS;

[0039] the first terminal of the first capacitor C1 is con-
nected with the gate of the driving transistor M1,

[0040] the gate of the second transistor M2 is connected
with the scan voltage signal Vscan, the source thereof is
connected with the second terminal of the first capacitor C1,
and the drain thereofis connected with the data voltage signal
Vdata;

[0041] the gate of the third transistor M3 is connected with
the light-emitting control signal EM, the source thereof is
connected with the drain of the driving transistor M1, and the
drain thereof is connected with the power supply voltage
VDD, and

[0042] the gate of the fourth transistor M4 is connected
with the light-emitting control signal EM, the source thereof
is connected with the second terminal of the first capacitor
C1, and the drain thereof is connected with the reference
voltage Vref.

[0043] Theabove driving transistor M1, the second transis-
tor M2, the third transistor M3 and the fourth transistor M4
are all of N-type transistors.

[0044] For the convenience of description, the electrode
plate corresponding to the first terminal of the first capacitor
C1 is referred to as the first electrode plate, and the electrode
plate corresponding to the second terminal of the first capaci-
tor C1 is referred to as the second electrode plate thereafter.
[0045] Therefore, as illustrated in FIG. 3, when the scan
voltage signal Vscan is at a high level and the light-emitting
control signal EM is at a low level, the second transistor M2
is turned on, while the third transistor M3 and the fourth
transistor M4 are turned off. At this time, the first capacitor C1
receives the data voltage signal Vdata and charges the driving
transistor M1 in order to compensate the threshold voltage of
the driving transistor M1. When the scan voltage signal Vscan
is at the low level and the light-emitting control signal EM is
at the high level, the second transistor M2 is turned off, while
the third transistor M3 and the fourth transistor M4 are turned
on. At this time, the first capacitor C1 receives the reference
voltage Vref and charges the driving transistor M1 for the
second time, and drives the driving transistor M1 to be turned
on, meanwhile the power supply voltage VDD is applied to
the light-emitting diode OLED so as to supply a driving
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current for the light-emitting of the light-emitting diode. Tt
should be noted that the potential difference between the first
electrode plate and the second electrode plate in the first
capacitor C1 remains unchanged because of the bootstrap
effect of the first capacitor C1. Therefore, via the voltage
compensation and the driving process of charging for the
second time to pull up the voltage, the threshold voltage in an
over-driving voltage ofthe driving transistor M1 is eliminated
so that the over-driving voltage is prevented from being
affected by the non-uniformity of the threshold voltages.
[0046] Furthermore, as illustrated in FIG. 3, the charging
compensation module further comprises a fifth transistor M5,
the gate thereof is connected with the scan voltage signal
Vscan, the source thereof is connected with the first terminal
of the first capacitor C 1 and the gate of the driving transistor
M1, and the drain thereof'is connected with the source of the
third transistor M3 and the drain of the driving transistor M1.
When the scan voltage signal Vscan is at the high level and the
light-emitting control signal EM is at the low level, the fifth
transistor M5 is turned on, and connects the gate and the drain
of the driving transistor M1, so that the driving transistor M1
operates as a PN junction, and the driving transistor M1 is in
a saturated turn-on state.

[0047] Thereafter, the pixel driving circuit of the present
disclosure would be described in details in connection with
the embodiments of the present disclosure. In the following
embodiments, the N-type transistor is used as an example for
the transistors.

[0048] For the convenience of description, thereafter the
node corresponding to the gate of the driving transistor M1 is
referred to as the node G, the node corresponding to its drain
is referred to as the node D, the node corresponding to its
source is referred to as a node S, and the node corresponding
to the source of the second transistor M2 is referred to as the
node A. The electrode plate corresponding to the first terminal
of the first capacitor C1 is referred to as the first electrode
plate, and the electrode plate corresponding to the second
terminal of the first capacitor C1 is referred to as the second
electrode plate.

[0049] FIG. 4 is an operating timing diagram of the pixel
driving circuit according to the embodiments of the present
disclosure. The above pixel driving circuit operates under a
scan voltage signal Vscan and a light-emitting control signal
EM which are input differentially, that is, the scan voltage
signal Vscan and the light-emitting control signal EM are
input differentially. Therefore, the light-emitting control sig-
nal EM is at the low level when the scan voltage signal Vscan
is at the high level, and the light-emitting control sighal EM is
at the high level when the scan voltage signal Vscan is at the
low level.

[0050] As illustrated in FIG. 4, during a first stage T1, the
scan voltage signal Vscan is at the high level and the light-
emitting control signal EM is at the low level. At this time, an
equivalent circuit diagram of the pixel driving circuit of the
present embodiment is as shown in FIG. 5, the second tran-
sistor M2 and the fifth transistor M5 are turned on, while the
third transistor M3 and the fourth transistor M4 are turned off,
the data voltage signal Vdata charges the first capacitor C1 for
the compensation, and VA=Vdata at this time. Meanwhile,
the turning on of the fifth transistor M5 makes the drain and
the gate of the driving transistor M1 to be connected with each
other, the driving transistor M1 is in the saturated turn-on
state at this time, therefore, the threshold voltage of the driv-
ing transistor M1 and the voltage difference between the gate
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and the source satisfies: Vthn=VGS=VG-VS (where, Vthn is
the threshold voltage of the driving transistor MD, and the
voltage at the node S is VS=VSS+VOLEDO, where VSS is the
common ground terminal voltage, VOLEDO is the rated opet-
ating voltage of the organic light-emitting diode OLED.
Therefore, the voltage at the gate of the driving transistor M1
1s VG=VS+VGS=VSS+VOLEDO+Vthn.

[0051] During a second stage T2, the scan voltage signal
Vscan is at the low level and the light-emitting control signal
EM is at the high level. At this time, an equivalent circuit
diagram of the pixel driving circuit of the present embodi-
ment is as shown in FI1G. 6. The second transistor M2 and the
fifth transistor M5 are turned off, while the third transistor M3
and the fourth transistor M4 are turned on, the reference
voltage Vref charges the first capacitor C1 for the second
time, and VA'=Vref at this time. According to the capacitance
equation, C=Q/U, where C is a capacitance value and Q is a
quantity of charges carried on the two electrode plates of the
capacitor, and U is a voltage difference between the two
electrode plates of the capacitor. The quantity of the charges
carried on the two electrode plates of the first capacitor C1
remains unchanged after the processes of charging for com-
pensation and the charging for the second time because of the
bootstrap effect of the first capacitor C1, therefore the voltage
difference between the two electrode plates of the capacitor
C1 remains unchanged, and thus the voltage at the node G is
pulled up by the processes of charging for compensation and
the charging for the second time and at this time, it should
satisfy VG'-VA'=VG-VA. Since the driving transistor M1 is
in the turn-on state, it may be gained via calculation that at this
time, the voltage at the gate of the driving transistor M1
satisfies VG'=Vref+(VSS+VOLEDO+Vthn)-Vdata. Further,
the voltage at the source of the driving transistor M1 satisfies
VS'=VSS+VOLEDI, where, VSS is the common ground ter-
minal voltage, and VOLEDI is the operating voltage of the
organic light-emitting diode OLED in a normal operating
process. It can find that the over-driving voltage applied to the
driving transistor M1 during the second stage T2 satisfies
Vopver VG'S'-Vthn=VG'-VS'-Vthn=(Vref+VSS+
VOLEDO+Vthn-Vdata)-(VSS+VOLED1)-V thn, where
Vthn is the threshold voltage of the driving transistor M1. It
may be obtained by simplifying that the over-driving voltage
applied to the driving transistor M1 during the second stage
T2 satisfies V,,,=Vref-Vdata+VOLEDO-VOLEDI. It can
be seen from the above equations that, after the first stage T1
and the second stage T2, in the over-driving voltage applied to
the driving transistor M1, the threshold voltage Vthn is no
longer included. That is to say, by means of the compensation
in the first stage T1, and the driving processes of the charging
for compensation and the charging for the second time in the
second stage T2, the effect on the over-driving voltage of the
driving transistor M1 by the threshold voltage is eliminated,
and in turn the over-driving voltages becomes more consis-
tentamong different pixel driving circuits, and the problem of
the luminous non-uniformity among different pixel units is
settled, and the display effect of the display apparatus is
finally improved.

[0052] Further, it should be particularly noted that during
subsequent periods of time, that is, the periods of time fol-
lowing the second stage T2, when the scan voltage signal
Vscan remains at the low level and the light-emitting control
signal EM remains at the high level, the second transistor M2
and the fifth transistor M5 remain turned off, while the third
transistor M3 and the fourth transistor M4 remain turned on at
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this time, it is referred to the equation for the over-driving
voltage of the driving transistor M1 calculated during the
second stage T2, wherein V, ,=Vref-Vdata+VOLEDO-
VOLEDI. Thus the light-emitting diode OLED is ensured to
always be controlled by the constant current during the sub-

sequent periods.

[0053] Tt can be seen from the above analysis that the first
stage T1 and the second stage T2 make up one display frame
period of the pixel driving circuit. After the display is com-
pleted in the second stage T2, if the scan voltage signal Vscan
and the light-emitting control signal EM remain unchanged,
the display state of the light-emitting diode OLED would not
change. However, when the pixel driving circuit restarts the
operating timing as shown in FIG. 4 again, after going
through a new display frame period, that is to say, after
restarting the signal inputs like those from the first stage T1 to
the second stage T2, the new input data voltage signal Vdata
may generate a new over-driving voltage, and thus a new
light-emitting display frame period for the light-emitting
diode is generated and subsequent light-emitting display pro-
cesses continue.

[0054] The embodiments of the present disclosure provide
a pixel driving circuit configured with the charging compen-
sation module and the light-emitting control module to elimi-
nate the problem of non-uniformity of the threshold voltages
by compensating for the threshold voltages of the driving
transistors, and improve the non-uniformity in lights emitted
by different pixel units, so that the driving effect of the pixel
driving circuit is enhanced and the display effect of the appa-
ratus is enhanced.

[0055] Furthermore, it should be noted additionally that the
pixel driving circuit according to the embodiments of the
present disclosure also has characteristics as follows. Taking
the pixel driving circuit of the embodiments illustrated in
FIG. 3 as an example, the light-emitting diode OLED may age
with the usage of the pixel driving circuit, therefore the rated
operating voltage required by the light-emitting diode OLED
may increase gradually. As illustrated in FIG. 7, its horizontal
axis denotes a usage time of the light-emitting diode OLED,
and its vertical axis denotes an amplitude of the rated operat-
ing voltage VOLEDO of the light-emitting diode. By referring
to the calculation process for the over-driving voltage of the
driving transistor M1, the over-driving voltage of the driving
transistor M1 in the pixel driving circuit satisfies V =Vref-
Vdata+VOLEDO-VOLEDI. Therefore, an increasing of the
VOLEDO may lead to an increasing of V,,_ , and the increas-
ing of the over-driving voltage may cause an increasing of the
driving current of the light-emitting diode and may increase
the luminous brightness of the light-emitting diode at last.
Therefore, the usage of the pixel driving circuit with the
structure according to the embodiments of the present disclo-
sure may exactly make up the adverse effect of display bright-
ness attenuation brought by a long time of usage of the light-
emitting diode OLED and extend a display lift span of the
light-emitting diode OLED.

[0056] In another aspect, the embodiments of the present
disclosure provide an array substrate comprising the pixel
driving circuit in the embodiments described above. Herein
the pixel driving circuit is the same as those described in the
above embodiments, so its details are omitted herein. Further-
more, the structures of the other portions in the array substrate
may be obtained by referring to the prior art, and their details
are omitted herein.
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[0057] The embodiments of the present disclosure provide
an array substrate, the pixel driving circuit thereof is config-
ured with the charging compensation module and the light-
emitting control module to eliminate the problem of non-
uniformity of the threshold voltages by compensating for the
threshold voltages of the driving transistors, and improve the
non-uniformity in lights emitted by different pixel units, so
that the driving effect of the pixel driving circuit is enhanced
and the display effect of the apparatus is enhanced.

[0058] In another aspect, the embodiments of the present
disclosure provide a display apparatus comprising the array
substrate in the embodiments described above. Herein the
array substrate is the same as those in the above embodiments,
so its details are omitted herein. Further, the structures of the
other portions in the display apparatus may be obtained by
referring to the prior art, and their details are omitted herein.
[0059] The display apparatus according to the embodi-
ments of the present disclosure may be a computer display, a
TV display screen, a digital photo frame, a mobile phone, a
tablet computer and any other products or parts having the
display function, and the present disclosure is not limited
thereto.

[0060] The embodiments of the present disclosure provide
an display apparatus, the pixel driving circuit thereof is con-
figured with the charging compensation module and the light-
emitting control module to eliminate the problem of non-
uniformity of the threshold voltages by compensating for the
threshold voltages of the driving transistors, and improve the
non-uniformity in lights emitted by different pixel units, so
that the driving effect of the pixel driving circuit is enhanced
and the display effect of the apparatus is enhanced.

[0061] The above descriptions only illustrate the specific
embodiments of the present invention, and the protection
scope of the present invention is not limited to this. Given the
teaching as disclosed herein, variations or substitutions,
which can easily occur to any skilled pertaining to the art,
should be covered by the protection scope of the present
invention. Thus, the protection scope of the present invention
is defined by the claims.

1-7. (canceled)

8. A pixel driving circuit comprising a driving transistor
and an organic light-emitting diode, wherein it further com-
prises:

a charging compensation module for receiving a data volt-
age signal, charging the driving transistor and compen-
sating for a threshold voltage of the driving transistor,
under the control of a scan voltage signal; and

a light-emitting control module for receiving a reference
voltage and a power supply voltage, and controlling the
organic light-emitting diode to emit lights, under the
control of a light-emitting control signal.

9. The pixel driving circuit of claim 8, wherein the charging

compensation module comprises:

a first capacitor, the first terminal thereofis connected with
the gate of the driving transistor; and

a second transistor, the gate thereof is connected with the
scan voltage signal, the source thereof is connected with
a second terminal of the first capacitor, and the drain
thereof is connected with the data voltage signal.

10. The pixel driving circuit of claim 9, wherein the light-

emitting control module comprises:

a third transistor, the gate thereof is connected with the
light-emitting control signal, the source thereof is con-
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nected with the drain of the driving transistor, and the
drain thereof is connected with the power supply volt-
age; and

a fourth transistor, the gate thereof is connected with the
light-emitting control signal, the source thereof is con-
nected with the second terminal of the first capacitor, and
the drain thereof'is connected with the reference voltage.

11. The pixel driving circuit of claim 10, wherein the charg-
ing compensation module further comprises:

a fifth transistor, the gate thereofis connected with the scan
voltage signal, the source thereof is connected with the
gate of the driving transistor, and the drain thereof is
connected with the drain of the driving transistor.

12. The pixel driving circuit of claim 8, wherein the driving

transistor is a N-type transistors.

13. The pixel driving circuit of claim 9, wherein the driving
transistor and the second transistor are N-type transistors.

14. The pixel driving circuit of claim 10, wherein the driv-
ing transistor, the second transistor, the third transistor and the
fourth transistor are N-type transistors.

15. The pixel driving circuit of claim 11, wherein the driv-
ing transistor, the second transistor, the third transistor, the
fourth transistor and the fifth transistor are N-type transistors.

16. An array substrate comprising the pixel driving circuit
of claim 8.

17. The array substrate of claim 16, wherein the charging
compensation module comprises:

a first capacitor, the first terminal thereofis connected with

the gate of the driving transistor; and
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a second transistor, the gate thereof is connected with the
scan voltage signal, the source thereof is connected with
a second terminal of the first capacitor, and the drain
thereof is connected with the data voltage signal.

18. The array substrate of claim 17, wherein the light-

emitting control module comprises:

a third transistor, the gate thereof is connected with the
light-emitting control signal, the source thereof is con-
nected with the drain of the driving transistor, and the
drain thereof is connected with the power supply volt-
age; and

a fourth transistor, the gate thereof is connected with the
light-emitting control signal, the source thereof is con-
nected with the second terminal of the first capacitor, and
the drain thereof'is connected with the reference voltage.

19. The array substrate of claim 18, wherein the charging
compensation module further comprises:

a fifth transistor, the gate thereof is connected with the scan
voltage signal, the source thereof is connected with the
gate of the driving transistor, and the drain thereof is
connected with the drain of the driving transistor.

20. The array substrate of claim 11, wherein the driving

transistor, the second transistor, the third transistor, the fourth
transistor and the fifth transistor are N-type transistors.

21. A display apparatus comprising the array substrate of
claim 16.
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