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(57) ABSTRACT

A pixel driving circuit is provided. The pixel driving circuit
includes a light emission control circuit and a drive circuit.
The light emission control circuit controls a potential of a
control terminal of the drive circuit under the control of a
coupled signal terminal, and the drive circuit drives a
coupled light-emitting element to emit light based on the
potential of the control terminal thereof. The drive circuit
includes two drive transistors connected in parallel, and
subthreshold swings of the two drive transistors are differ-
ent.
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PIXEL DRIVING CIRCUIT, DISPLAY PANEL
AND METHOD FOR MANUFACTURING
SAME, AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a U.S. national stage of inter-
national application No. PCT/CN2023/095670, filed on May
23, 2023, which claims priority to Chinese Patent Applica-
tion No. 202210649930.4, filed Jun. 9, 2022 and entitled
“PIXEL DRIVING CIRCUIT, DISPLAY PANEL AND
METHOD FOR MANUFACTURING SAME, AND DIS-
PLAY DEVICE”, the disclosures of which are herein incor-
porated by reference in their entireties.

TECHNICAL FIELD

[0002] The present disclosure generally relates to the field
of display technologies, and in particular, to a pixel driving
circuit, a display panel and a method for manufacturing the
same, and a display device.

BACKGROUND

[0003] An organic light-emitting diode (OLED) display
panel can use an oxide transistor as its drive transistor.

SUMMARY

[0004] The present disclosure provides a pixel driving
circuit, a display panel and a method for manufacturing the
same, and a display device. The technical solutions are as
follows.

[0005] Inan aspect, a pixel driving circuit is provided. The
pixel driving circuit includes: a light emission control circuit
and a drive circuit; wherein

[0006] the light emission control circuit is coupled to a
gate signal terminal, a data signal terminal, a reset
signal terminal, an initial power supply terminal, and a
control terminal of the drive circuit, and the light
emission control circuit is configured to control a
potential of the control terminal of the drive circuit
based on a gate driving signal provided by the gate
signal terminal, a data signal provided by the data
signal terminal, a reset signal provided by the reset
signal terminal, and an initial power supply signal
provided by the initial power supply terminal;

[0007] an output terminal of the drive circuit is config-
ured to be coupled to a light-emitting element, and the
drive circuit is configured to transmit a light emission
driving signal to the light-emitting element based on
the potential of the control terminal of the drive circuit,
to drive the light-emitting element to emit light;

[0008] wherein the drive circuit includes a first drive
transistor and a second drive transistor connected in
parallel; and a subthreshold swing of one of the first
drive transistor and the second drive transistor is
greater than a subthreshold swing of the other one of
first drive transistor and the second drive transistor.

[0009] In some embodiments, a gate of the first drive
transistor acts as the control terminal of the drive circuit and
is coupled to the light emission control circuit, and a gate of
the second drive transistor is coupled to the gate of the first
drive transistor; and
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[0010] the subthreshold swing of the first drive transis-
tor is greater than the subthreshold swing of the second
drive transistor.

[0011] In some embodiments, the light emission control
circuit includes: a first reset sub-circuit, a data writing
sub-circuit and a compensation control sub-circuit;
wherein

[0012] the first reset sub-circuit is coupled to the reset
signal terminal, the initial power supply terminal, and
the control terminal of the drive circuit, and the first
reset sub-circuit is configured to control connection or
disconnection between the initial power supply termi-
nal and the control terminal of the drive circuit in
response to the reset signal;

[0013] the data writing sub-circuit is coupled to the gate
signal terminal, the data signal terminal, and an input
terminal of the drive circuit, and the data writing
sub-circuit is configured to control connection or dis-
connection between the data signal terminal and the
input terminal of the drive circuit in response to the gate
driving signal; and

[0014] the compensation control sub-circuit is coupled
to the gate signal terminal, the output terminal of the
drive circuit, and the control terminal of the drive
circuit, and the compensation control sub-circuit is
configured to control connection or disconnection
between the output terminal of the drive circuit and the
control terminal of the drive circuit in response to the
gate driving signal.

[0015] In some embodiments, the light emission control
circuit further includes: a first light emission control sub-
circuit, a second light emission control sub-circuit, a second
reset sub-circuit and a storage sub-circuit; wherein

[0016] the first light emission control sub-circuit is
coupled to a light emission control terminal, a driving
power supply terminal, and the input terminal of the
drive circuit, and the first light emission control sub-
circuit is configured to control connection or discon-
nection between the driving power supply terminal and
the input terminal of the drive circuit in response to a
light emission control signal provided by the light
emission control terminal;

[0017] the second light emission control sub-circuit is
coupled to the light emission control terminal and the
output terminal of the drive circuit and is configured to
be coupled to the light-emitting element, and the sec-
ond light emission control sub-circuit is configured to
control connection or disconnection between the output
terminal of the drive circuit and the light-emitting
element in response to the light emission control signal;

[0018] the second reset sub-circuit is coupled to the
reset signal terminal and the initial power supply ter-
minal and is configured to be coupled to the light-
emitting element, and the second reset sub-circuit is
configured to control connection or disconnection
between the initial power supply terminal and the
light-emitting element in response to the reset signal;
and

[0019] the storage sub-circuit is coupled to the driving
power supply terminal and the control terminal of the
drive circuit, and the storage sub-circuit is configured
to store the potential of the control terminal of the drive
circuit based on the driving power supply signal.
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[0020] In some embodiments, the first reset sub-circuit
includes: a first reset transistor; the second reset sub-circuit
includes: a second reset transistor; the data writing sub-
circuit includes: a data writing transistor; the compensation
control sub-circuit includes: a compensation transistor; the
first light emission control sub-circuit includes: a first light
emission control transistor; the second light emission control
sub-circuit includes: a second light emission control tran-
sistor; and the storage sub-circuit includes: a storage capaci-
tor; wherein

[0021] a gate of the first reset transistor and a gate of the
second reset transistor are coupled to the reset signal
terminal, a first electrode of the first reset transistor and
a first electrode of the second reset transistor are
coupled to the initial power supply terminal, a second
electrode of the first reset transistor is coupled to a
control node, and a second electrode of the second reset
transistor is configured to be coupled to the light-
emitting element;

[0022] a gate of the data writing transistor and a gate of
the compensation transistor are coupled to the gate
signal terminal, a first electrode of the data writing
transistor is coupled to the data signal terminal, a
second electrode of the data writing transistor is
coupled to an input node, a first electrode of the
compensation transistor is coupled to the control node,
and a second electrode of the compensation transistor is
coupled to an output node;

[0023] a gate of the first light emission control transistor
and a gate of the second light emission control tran-
sistor are coupled to the light emission control terminal,
a first electrode of the first light emission control
transistor is coupled to the driving power supply ter-
minal, a second electrode of the first light emission
control transistor is coupled to the input node, a first
electrode of the second light emission control transistor
is coupled to the output node, and a second electrode of
the second light emission control transistor is config-
ured to be coupled to the light-emitting element;

[0024] one terminal of the storage capacitor is coupled
to the driving power supply terminal, and the other
terminal of the storage capacitor is coupled to the
control node; and

[0025] a gate of the first drive transistor is coupled to the
control node, a gate of the second drive transistor is
coupled to the gate of the first drive transistor, a first
electrode of the first drive transistor and a first electrode
of the second drive transistor are coupled to the input
node, and a second electrode of the first drive transistor
and a second electrode of the second drive transistor are
coupled to the output node.

[0026] Insome embodiments, all the transistor in the pixel
driving circuit are P-type transistors.

[0027] In another aspect, a display panel is provided. The
display panel includes: a base and a plurality of pixels
disposed on a side of the base; wherein

[0028] each of the plurality of pixels includes a light-
emitting element, and the pixel driving circuit as
described in the above aspect, wherein the pixel driving
circuit is coupled to the light-emitting element, and is
configured to drive the light-emitting element to emit

light.
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[0029] In still another aspect, a method for manufacturing
a display panel is provided. The method is applicable to the
display panel as described in the above aspect, and the
method includes:

[0030] providing a base;

[0031] forming an active layer on a side of the base,
wherein the active layer includes a first active layer
pattern and a second active layer pattern spaced apart
from each other, wherein one of the first active layer
pattern and the second active layer pattern belongs to a
first drive transistor in the display panel, and the other
one of the first active layer pattern and the second
active layer pattern belongs to a second drive transistor
in the display panel;

[0032] performing plasma treatment on a surface of the
active layer away from the base;

[0033] forming a gate insulating layer on a side of the
active layer away from the base, wherein the gate
insulating layer covers the active layer, and a thickness
of a part of the gate insulating layer covering the first
active layer pattern is not equal to a thickness of a part
of the gate insulating layer covering the second active
layer pattern.

[0034] In some embodiments, the first active layer pattern
belongs to the first drive transistor in the display panel, and
the second active layer pattern belongs to the second drive
transistor in the display panel; and

[0035] the thickness of the part of the gate insulating
layer covering the first active layer pattern is greater
than a thickness of the part of the gate insulating layer
covering the second active layer pattern.

[0036] In some embodiments, performing plasma treat-
ment on the side of the active layer away from the base
includes:

[0037] performing plasma treatment on a surface of the
second active layer pattern away from the base;

[0038] forming the gate insulating layer on the side of
the active layer away from the base includes:

[0039] forming a first gate insulating layer on a side of
the first active layer pattern away from the base prior to
performing plasma treatment on the surface of the
second active layer pattern away from the base,
wherein the first gate insulating layer covers the first
active layer pattern; and

[0040] forming a second gate insulating layer on the
side of the second active layer pattern away from the
base after performing plasma treatment on the surface
of the second active layer pattern away from the base,
wherein the second gate insulating layer covers the
second active layer pattern and the first gate insulating
layer.

[0041] In some embodiments, a thickness of a portion,
overlapped with an orthographic projection of the first active
layer pattern on the base, of the second gate insulating layer
is equal to a thickness of a portion, overlapped with an
orthographic projection of the second active layer pattern on
base, of the second gate insulating layer.

[0042] In some embodiments, prior to forming the active
layer on the side of the base, the method further includes:

[0043] forming a flexible material layer on the side of
the base; and

[0044] forming a first buffer layer on a side of the
flexible material layer away from the base;
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[0045] forming the active layer on the side of the base
includes: forming the active layer on a side of the first
buffer layer away from the base.

[0046] In some embodiments, prior to forming the active
layer on the side of the first buffer layer away from the base,
the method further includes:

[0047] forming a first gate layer on the side of the first
buffer layer away from the base; and

[0048] forming a second buffer layer on a side of the
first gate layer away from the first buffer layer, wherein
the second buffer layer covers the first gate layer;

[0049] forming the active layer on the side of the first
buffer layer away from the base includes: forming the
active layer on a side of the second buffer layer away
from the base.

[0050] In some embodiments, after forming the second
gate insulating layer on the side of the base, the method
further includes:

[0051] forming a second gate layer on a side of the
second gate insulating layer away from the base;

[0052] forming a first interlayer dielectric layer on a
side of the second gate layer away from the second gate
insulating layer, wherein the first interlayer dielectric
layer covers the second gate layer;

[0053] forming a third gate layer on a side of the first
interlayer dielectric layer away from the second gate
layer;

[0054] forming a second interlayer dielectric layer on a
side of the third gate layer away from the first interlayer
dielectric layer, wherein the second interlayer dielectric
layer covers the third gate layer;

[0055] forming a source/drain layer on a side of the
second interlayer dielectric layer away from the third
gate layer, wherein the source/drain layer is coupled to
the active layer through a via hole penetrating through
the second interlayer dielectric layer, the first interlayer
dielectric layer and the gate insulating layer;

[0056] forming a planarization layer on a side of the
source/drain layer away from the second interlayer
dielectric layer;

[0057] forming an anode layer on a side of the planar-
ization layer away from the source/drain layer, wherein
the anode layer is coupled to the source/drain layer
through a via hole penetrating through the planarization
layer; and

[0058] forming a pixel defining layer on a side of the
anode layer away from the planarization layer, wherein
the pixel defining layer covers the planarization layer
and partially exposes the anode layer.

[0059] In still another aspect, a display device is provided.
The display device includes: a power supply assembly, and
the display panel as described in the above aspect; wherein

[0060] the power supply assembly is coupled to the
display panel, and is configured to supply power to the
display panel.

BRIEF DESCRIPTION OF DRAWINGS

[0061] Other features, objectives and advantages of the
present disclosure will become more apparent from the
detailed description of the non-limiting embodiments made
with reference to the following accompanying drawings.
[0062] FIG. 1 is a schematic structural diagram of a pixel
driving circuit according to some embodiments of the pres-
ent disclosure;
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[0063] FIG. 2 is a schematic structural diagram of another
pixel driving circuit according to some embodiments of the
present disclosure:

[0064] FIG. 3 is a schematic diagram showing IV charac-
teristics of a drive circuit according to some embodiments of
the present disclosure:

[0065] FIG. 4 is a schematic structural diagram of still
another pixel driving circuit according to some embodi-
ments of the present disclosure:

[0066] FIG. 5 is a schematic structural diagram of a
display panel according to some embodiments of the present
disclosure:

[0067] FIG. 6 is a flowchart of a method for manufacturing
a display panel according to some embodiments of the
present disclosure:

[0068] FIG. 7 is a sectional view of a display panel
according to some embodiments of the present disclosure:
[0069] FIG. 8 is a sectional view of another display panel
according to some embodiments of the present disclosure:
[0070] FIG. 9is atop view of a display panel according to
some embodiments of the present disclosure:

[0071] FIG. 10 is a sectional view of still another display
panel according to some embodiments of the present dis-
closure:

[0072] FIG. 11 is a sectional view of still another display
panel according to some embodiments of the present dis-
closure:

[0073] FIG. 12 is a sectional view of still another display
panel according to some embodiments of the present dis-
closure:

[0074] FIG. 13 is a sectional view of still another display
panel according to some embodiments of the present dis-
closure:

[0075] FIG. 14 is a sectional view of still another display
panel according to some embodiments of the present dis-
closure; and

[0076] FIG. 15 is a schematic structural diagram of a
display device according to some embodiments of the pres-
ent disclosure.

DETAILED DESCRIPTION

[0077] The present disclosure is further described in detail
below with reference to the accompanying drawings and
embodiments. It is to be understood that the specific embodi-
ments described herein are merely for explaining the rel-
evant invention, rather than limiting the invention. In addi-
tion, it should be noted that, for ease of description, only the
relevant parts of the present disclosure are shown in the
accompanying drawings.

[0078] It should be noted that, in the case of no conflict,
the features in the embodiments and embodiments of this
application may be combined with each other. Hereinafter,
the present disclosure will be described in detail with
reference to the accompanying drawings and the embodi-
ments. It should be noted that the embodiments and features
in the embodiments of the present disclosure may be com-
bined with one another on condition that they do not conflict
with one another. The present disclosure is described in
detail below in combination with the embodiments with
reference to the accompanying drawings. The transistors
used in all the embodiments of the present disclosure are thin
film transistors or field-effect transistors or other devices
having the same characteristics. The transistors used in the
embodiments of the present disclosure are mainly switching
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transistors according to the functions in the circuit. Since a
source and a drain of the switching transistor used here are
symmetrical, the source and the drain are interchangeable. In
the embodiments of the present disclosure, the source is
referred to as a first electrode and the drain is referred to as
a second electrode. According to the form in the drawings,
an intermediate terminal of the transistor is a control elec-
trode which may also be referred to as a gate, a signal input
terminal is a source, and a signal output terminal is a drain.
In addition, the switching transistors used in the embodi-
ments of the present disclosure include any one of a P-type
switching transistor and an N-type switching transistor. The
P-type switching transistor is turned on when the gate is at
a low level and is turned off when the gate is at a high level
(that is, the P-type switching transistor is turned on when the
potential of a signal received by the gate is a low potential
and turned off when the potential of a signal received by the
gate is a high potential, i.e., the low potential is an effective
potential and the high potential is an ineffective potential),
and the N-type switching transistor is turned on when the
gate is at a high level and turned off when the gate is at a low
level (that is, the N-type switching transistor is turned on
when the potential of a signal received by the gate is a high
potential and turned off when the potential of a signal
received by the gate is a low potential, i.e., the high potential
is an effective potential and the low potential is an ineffec-
tive potential).

[0079] In the related art, when applied as a drive transistor
in an organic light-emitting diode (OLED) display panel, the
oxide transistor has the problem of smaller subthreshold
swing (ss). The smaller subthreshold swing makes the
luminance control capability of the display panel poorer
when the display panel displays low grayscale images,
resulting in a poor display effect.

[0080] FIG. 1 is a schematic structural diagram of a pixel
driving circuit according to some embodiments of the pres-
ent disclosure. As shown in FIG. 1, the pixel driving circuit
includes a light emission control circuit 01 and a drive
circuit 02.

[0081] The light emission control circuit 01 is coupled to
a gate signal terminal Gate, a data signal terminal V,,, a
reset signal terminal Reset, an initial power supply terminal
Vinit, and a control terminal of the drive circuit 02. The light
emission control circuit 01 is configured to control the
potential of the control terminal of the drive circuit 02 based
on a gate driving signal provided by the gate signal terminal
Gate, a data signal provided by the data signal terminal
V pases @ reset signal provided by the reset signal terminal
Reset. and an initial power supply signal provided by the
initial power supply terminal Vinit.

[0082] An output terminal of the drive circuit 02 is con-
figured to be coupled to a light-emitting element [.1. The
drive circuit 02 is configured to transmit a light emission
driving signal (e.g., a driving current) to the light-emitting
element [.1 based on the potential of the control terminal of
the drive circuit 02, to drive the light-emitting element L1 to
emit light.

[0083] In some embodiments, as shown in FIG. 1, the
drive circuit 02 is coupled to a first electrode of the light-
emitting element L1, and a second electrode of the light-
emitting element L1 is further coupled to a pull-down power
supply terminal Vss. The light-emitting element [.1 emits
light under the action of a voltage difference between the
light emission driving signal received by the first electrode
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and a pull-down power supply signal provided by the
pull-down power supply terminal V¢, and received by the
second electrode.

[0084] In some embodiments, as shown in FIG. 1, the first
electrode of the light-emitting element .1 is an anode, and
the second electrode of the light-emitting element L1 is a
cathode. Certainly, in some other embodiments, the first
electrode of the light-emitting element L1 is a cathode, and
correspondingly, the second electrode of the light-emitting
element L1 is an anode.

[0085] In the embodiments of the present disclosure, with
reference to FIG. 2 which shows another pixel driving
circuit, the drive circuit 02 includes a first drive transistor
T3-1 and a second drive transistor T3-2 connected in par-
allel. In this way, the performances of the two drive tran-
sistors can be neutralized, and by connecting the two drive
transistors in parallel, the device subthreshold swing ss can
be improved while the device mobility is maintained.
[0086] In addition, the subthreshold swing ss of one of the
first drive transistor T3-1 and the second drive transistor
T3-2 is greater than the subthreshold swing ss of the other
one of the first drive transistor T3-1 and the second drive
transistor T3-2. The subthreshold swing ss of the transistor
is inversely proportional to the mobility, that is, the larger
the subthreshold swing ss of the transistor is, the lower the
mobility is; otherwise, the smaller the subthreshold swing ss
of the transistor is, the higher the mobility is. Therefore, by
setting the subthreshold swing ss of one drive transistor
greater than the subthreshold swing ss of the other drive
transistor, the mobility of one drive transistor is higher than
the mobility of the other drive transistor, that is, the mobility
of one drive transistor is lower, and the mobility of the other
drive transistor is higher. In this way, the subthreshold
swings ss of the two drive transistors can be further neu-
tralized, thereby improving the device subthreshold swing ss
while maintaining the device mobility.

[0087] In summary, the embodiments of the present dis-
closure provide a pixel driving circuit. In the pixel driving
circuit, the drive circuit includes two drive transistors con-
nected in parallel, and the subthreshold swing of one drive
transistor is greater than the subthreshold swing of the other
drive transistor. Therefore, the subthreshold swings of the
two drive transistors can be neutralized, thereby improving
the device subthreshold swing while maintaining the device
mobility. Thus, a better display effect of the display panel is
ensured.

[0088] In some embodiments, with continued reference to
FIG. 2, the gate of the first drive transistor T3-1 acts as the
control terminal of the drive circuit 02 and is coupled to the
light emission control circuit 01, and the gate of the second
drive transistor T3-2 is coupled to the gate of the first drive
transistor T3-1.

[0089] The subthreshold swing ss of the first drive tran-
sistor T3-1 is greater than the subthreshold swing ss of the
second drive transistor T3-2. That is, in the embodiments of
the present disclosure, in the two drive transistors connected
in parallel, the subthreshold swing ss of the drive transistor
directly coupled to the light emission control circuit 01 is set
larger, and the mobility is set lower; and the subthreshold
swing ss of the other drive transistor is set smaller, and the
mobility is set higher.

[0090] On the basis of FIG. 2, FIG. 3 shows a schematic
diagram of an IV characteristic curve of a drive transistor.
The horizontal coordinate represents voltage V, and the
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vertical coordinate represents current I. FIG. 3 shows the [V
characteristic curve of the first drive transistor T3-1, the IV
characteristic curve of the second drive transistor T3-2, and
the IV characteristic curve of the first drive transistor T3-1
and the second drive transistor T3-2 connected in parallel,
which is marked as T3-SUM. As can be clearly seen from
FIG. 3, after the first drive transistor T3-1 and the second
drive transistor T3-2 are connected in parallel, the IV
characteristics can be improved, and thus the subthreshold
swing ss of the first drive transistor T3-1 and the subthresh-
old swing ss of the second drive transistor T3-2 can be
neutralized, thereby reliably improving the subthreshold
swing ss of the drive circuit 02.

[0091] In some embodiments, with reference to FIG. 4
which shows a schematic structural diagram of another pixel
driving circuit, the light emission control circuit 01 in the
embodiments of the present disclosure includes a first reset
sub-circuit 011, a data writing sub-circuit 012 and a com-
pensation control sub-circuit 013.

[0092] The first reset sub-circuit 011 is coupled to the reset
signal terminal Reset, the initial power supply terminal
Vinit, and the control terminal of the drive circuit 02. The
first reset sub-circuit 011 is configured to control the con-
nection or disconnection between the initial power supply
terminal Vinit and the control terminal of the drive circuit 02
in response to the reset signal.

[0093] For example, the first reset sub-circuit 011 controls
the initial power supply terminal Vinit to be connected to the
control terminal of the drive circuit 02 when the potential of
the reset signal is the first potential, so that the initial power
supply terminal Vinit transmits an initial power supply
signal to the control terminal of the drive circuit 02. The first
reset sub-circuit 011 controls the initial power supply ter-
minal Vinit to be disconnected from the control terminal of
the drive circuit 02 when the potential of the reset signal is
the second potential.

[0094] In some embodiments, the first potential is an
effective potential, the second potential is an ineffective
potential, and the first potential is a low potential relative to
the second potential. Certainly, in some other embodiments,
the first potential is a high potential relative to the second
potential.

[0095] The data writing sub-circuit 012 is coupled to the
gate signal terminal Gate, the data signal terminal V., and
the input terminal of the drive circuit 02. The data writing
sub-circuit 012 is configured to control the connection or
disconnection between the data signal terminal V ,,,,, and the
input terminal of the drive circuit 02 in response to the gate
driving signal.

[0096] For example, the data writing sub-circuit 012 con-
trols the data signal terminal V,,,, to be connected to the
input terminal of the drive circuit 02 when the potential of
the gate driving signal is the first potential, so that the data
signal terminal V,,, transmits a data signal to the input
terminal of the drive circuit 02. The data writing sub-circuit
012 controls the data signal terminal V,,, to be discon-
nected from the input terminal of the drive circuit 02 when
the potential of the gate driving signal is the second poten-
tial.

[0097] The compensation control sub-circuit 013 is
coupled to the gate signal terminal Gate, the output terminal
of the drive circuit 02, and the control terminal of the drive
circuit 02. The compensation control sub-circuit 013 is
configured to control the connection or disconnection
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between the output terminal of the drive circuit 02 and the
control terminal of the drive circuit 02 in response to the gate
driving signal.

[0098] For example, the compensation control sub-circuit
013 controls the output terminal of the drive circuit 02 to be
connected to the control terminal of the drive circuit 02
when the potential of the gate driving signal is the first
potential. The compensation control sub-circuit 013 controls
the output terminal of the drive circuit 02 to be disconnected
from the control terminal of the drive circuit 02 when the
potential of the gate driving signal is the second potential.
[0099] In some embodiments, with continued reference to
FIG. 4, the light emission control circuit 01 further includes
a first light emission control sub-circuit 014, a second light
emission control sub-circuit 015, a second reset sub-circuit
016, and a storage sub-circuit 017.

[0100] The first light emission control sub-circuit 014 is
coupled to a light emission control terminal EM, a driving
power supply terminal V,,, and the input terminal of the
drive circuit 02. The first light emission control sub-circuit
014 is configured to control the connection or disconnection
between the driving power supply terminal V,,, and the
input terminal of the drive circuit 02 in response to a light
emission control signal provided by the light emission
control terminal EM.

[0101] For example, when the potential of the light emis-
sion control signal provided by the light emission control
terminal EM is the first potential, the first light emission
control sub-circuit 014 controls the driving power supply
terminal V., to be connected to the input terminal of the
drive circuit 02, so that the driving power supply terminal
Vpp transmits a driving power supply signal to the input
terminal of the drive circuit 02. The first light emission
control sub-circuit 014 controls the driving power supply
terminal V ,, to be disconnected from the input terminal of
the drive circuit 02 when the potential of the light emission
control signal provided by the light emission control termi-
nal EM is the second potential.

[0102] The second light emission control sub-circuit 015
is coupled to the light emission control terminal EM and the
output terminal of the drive circuit 02 and is configured to
be coupled to the light-emitting element 1. The second
light emission control sub-circuit 015 is configured to con-
trol the connection or disconnection between the output
terminal of the drive circuit 02 and the light-emitting ele-
ment L1 in response to the light emission control signal.
[0103] For example, the second light emission control
sub-circuit 015 controls the output terminal of the drive
circuit 02 to be connected to the light-emitting element [.1
when the potential of the light emission control signal is the
first potential, so that the signal transmitted to the output
terminal of the drive circuit 02 is further transmitted to the
light-emitting element L1. The second light emission control
sub-circuit 015 controls the output terminal of the drive
circuit 02 to be disconnected from the light-emitting element
L1 when the potential of the light emission control signal is
the second potential.

[0104] The second reset sub-circuit 016 is coupled to the
reset signal terminal Reset and the initial power supply
terminal Vinit and is configured to be coupled to the light-
emitting element [L1. The second reset sub-circuit 016 is
configured to control the connection or disconnection
between the initial power supply terminal Vinit and the
light-emitting element .1 in response to the reset signal.
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[0105] For example, the second reset sub-circuit 016 con-
trols the initial power supply terminal Vinit to be connected
to the light-emitting element .1 when the potential of the
reset signal is the first potential, so that the initial power
supply terminal Vinit transmits the initial power supply
signal to the light-emitting element 1. The second reset
sub-circuit 016 controls the initial power supply terminal
Vinit to be disconnected from the light-emitting element L1
when the potential of the reset signal is the second potential.
[0106] The storage sub-circuit 017 is coupled to the driv-
ing power supply terminal V,, and the control terminal of
the drive circuit 02. The storage sub-circuit 017 is config-
ured to store the potential of the control terminal of the drive
circuit 02 based on the driving power supply signal.
[0107] That is, in the embodiments of the present disclo-
sure, the first reset sub-circuit 011 is configured to supply the
initial power supply signal provided by the initial power
supply terminal Vinit to the control terminal of the drive
circuit 02 under the control of the reset signal terminal
Reset, to reset the control terminal of the drive circuit 02; the
second reset sub-circuit 016 is configured to supply the
initial power supply signal provided by the initial power
supply terminal Vinit to the anode of the light-emitting
element [.1 under the control of the reset signal terminal
Reset, to reset the anode of the light-emitting element [.1;
the data writing sub-circuit 012 is configured to supply the
data signal provided by the data signal terminal V,,, to the
input terminal of the drive circuit 02 under the control of the
gate signal terminal Gate; the compensation control sub-
circuit 013 is configured to adjust the potential of the control
terminal of the drive circuit 02 based on the potential of the
output terminal of the drive circuit 02 under the control of
the gate signal terminal Gate; the first light emission control
sub-circuit 014 is configured to transmit the driving power
supply signal provided by the driving power supply terminal
Vpp to the drive circuit 02 under the control of the light
emission control terminal EM; the second light emission
control sub-circuit 015 is configured to supply the voltage of
the output terminal of the drive circuit 02 to the light-
emitting element [.1 under the control of the light emission
control terminal EM; and the drive circuit 02 is configured
to drive the light-emitting element [.1 to emit light under the
control of the signal provided by the control terminal (for
example, a signal transmitted by the first reset sub-circuit
011).

[0108] In some embodiments, with continued reference to
FIG. 2, the first reset sub-circuit 011 includes a first reset
transistor T1; the second reset sub-circuit 016 includes a
second reset transistor T7; the data writing sub-circuit 012
includes a data writing transistor T4; the compensation
control sub-circuit 013 includes a compensation transistor
T2; the first light emission control sub-circuit 014 includes
a first light emission control transistor T5; the second light
emission control sub-circuit 015 includes a second light
emission control transistor T6; and the storage sub-circuit
017 includes a storage capacitor Cst.

[0109] A gate of the first reset transistor T1 and a gate of
the second reset transistor T7 are coupled to the reset signal
terminal Reset, a first electrode of the first reset transistor T1
and a first electrode of the second reset transistor T7 are
coupled to the initial power supply terminal Vinit, a second
electrode of the first reset transistor T1 is coupled to a
control node N1, and a second electrode of the second reset
transistor T7 is configured to be coupled to the light-emitting
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element [.1. Correspondingly, the initial power supply signal
is transmitted to the control node N1 through the first reset
transistor T1, and the initial power supply signal is trans-
mitted to the anode of the light emitting element 1.1 through
the second reset transistor T7.

[0110] A gate of the data writing transistor T4 and a gate
of the compensation transistor T2 are coupled to the gate
signal terminal Gate, a first electrode of the data writing
transistor T4 is coupled to the data signal terminal V., a
second electrode of the data writing transistor T4 is coupled
to an input node N2, a first electrode of the compensation
transistor T2 is coupled to the control node N1 (ie., a
coupling node of the first reset sub-circuit 011 and the drive
circuit 02), and a second electrode of the compensation
transistor T2 is coupled to an output node N3. Correspond-
ingly, the data signal is written into the input terminal of the
drive circuit 02 through the data writing transistor T4, and
then the data signal is written into the control terminal of the
drive circuit 02 through the compensation transistor T2.

[0111] A gate of the first light emission control transistor
T5 and a gate of the second light emission control transistor
T6 are coupled to the light emission control terminal EM, a
first electrode of the first light emission control transistor T5
is coupled to the driving power supply terminal V,,, a
second electrode of the first light emission control transistor
T5 is coupled to the input node N2, a first electrode of the
second light emission control transistor T6 is coupled to the
output node N3, and a second electrode of the second light
emission control transistor T6 is configured to be coupled to
the light-emitting element L1, for example, coupled to the
anode of the light-emitting element [.1. Correspondingly, the
driving power supply signal provided by the driving power
supply terminal V) is transmitted to the input terminal of
the drive circuit 02 through the first light emission control
transistor T5, and the signal provided by the output terminal
of the drive circuit 02 is transmitted to the light-emitting
element [L1 through the second light emission control tran-
sistor T6.

[0112] One terminal of the storage capacitor Cst is coupled
to the driving power supply terminal V,,,, and the other
terminal of the storage capacitor Cst is coupled to the control
node N1 (i.e., the coupling node of the first reset sub-circuit
011 and the drive circuit 02).

[0113] The gate of the first drive transistor T3-1 is coupled
to the control node N1, the gate of the second drive transistor
T3-2 is coupled to the gate of the first drive transistor T3-1,
the first electrode of the first drive transistor T3-1 and the
first electrode of the second drive transistor T3-2 are coupled
to the input node N2, and the second electrode of the first
drive transistor T3-1 and the second electrode of the second
drive transistor T3-2 are coupled to the output node N3. It
can be seen that the control terminal of the drive circuit 02
is the control node N1, the input terminal of the drive circuit
02 is the input node N2, and the output terminal of the drive
circuit 02 is the output node N3.

[0114] Optionally, as can be seen from FIG. 3, all the
transistors included in the pixel driving circuit in the
embodiments of the present disclosure are P-type transistors.
Correspondingly, the first potential (i.e., the effective poten-
tial) in the foregoing embodiments is a low potential, and the
second potential (i.e., the ineffective potential) is a high
potential. The light-emitting element .1 shown in FIG. 3 is
an OLED.
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[0115] That is, in the embodiments of the present disclo-
sure, in the light emission control circuit 01, the first reset
sub-circuit 011 is implemented by the first reset transistor
T1; the second reset sub-circuit 016 is implemented by the
second reset transistor T7; the data writing sub-circuit 012 is
implemented by the data writing transistor T4; the compen-
sation control sub-circuit 013 is implemented by the com-
pensation transistor T2; the first light emission control
sub-circuit 014 is implemented by the first light emission
control transistor T5; the second light emission control
sub-circuit 015 is implemented by the second light emission
control transistor T6; and the storage sub-circuit 017 is
implemented by the storage capacitor Cst. The drive circuit
02 is implemented by the first drive transistor T3-1 and the
second drive transistor T3-2 connected in parallel. The gate
of the first drive transistor T3-1 and the gate of the second
drive transistor T3-2 are both coupled to the first reset
sub-circuit 011, and the first electrode of the first drive
transistor T3-1 and the first electrode of the second drive
transistor T3-2 are both coupled to the first light emission
control sub-circuit 014.

[0116] It should be noted that the pixel driving circuit
shown in FIG. 3 is considered to have an 8T1C (i.e.,
including 8 transistors and 1 capacitor). In some other
embodiments, the pixel driving circuit may also have other
structures, such as a 6T2C structure, provided that the drive
circuit 02 includes two drive transistors connected in parallel
as shown in FIG. 3.

[0117] In summary, the embodiments of the present dis-
closure provide a pixel driving circuit. In the pixel driving
circuit, the drive circuit includes two drive transistors con-
nected in parallel, and the subthreshold swing of one drive
transistor is greater than the subthreshold swing of the other
drive transistor. Therefore, the subthreshold swings of the
two drive transistors can be neutralized, thereby improving
the device subthreshold swing while maintaining the device
mobility. Thus, a better display effect of the display panel is
ensured.

[0118] Based on the same inventive concept, the embodi-
ments of the present disclosure further provide a display
panel. As shown in FIG. 5, the display panel includes a base
10 and a plurality of pixels PI disposed on a side of the base
10. Each of the plurality of pixels PI includes a light-
emitting element L1, and the pixel driving circuit 00
described in the foregoing embodiments. The pixel driving
circuit 00 is coupled to the light-emitting element 1, and is
configured to drive the light-emitting element [.1 to emit
light.

[0119] It should be noted that the display panel in the
embodiments of the present disclosure adopts the above
pixel driving circuit. The principle of solving problems by
the display panel is similar to that of the pixel driving circuit
described above, and reference may be made to the forego-
ing embodiments of the pixel driving circuit, and details are
not repeated herein.

[0120] Based on the same inventive concept, the embodi-
ments of the present disclosure further provide a method for
manufacturing a display panel, applicable to the display
panel as described in the foregoing embodiments. As shown
in FIG. 6, the method includes the following steps.

[0121] In step 601, a base is provided.

[0122] In the process of manufacturing the display panel,
a base is first provided. The base is also referred to as a
substrate. For example, FIG. 7 and FIG. 8 respectively show
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the sectional views of two display panels at the drive circuit
02, and both show the base 10.

[0123] Insome embodiments, the base 10 herein is a glass
substrate. Certainly, in some other embodiments, the base 10
may also be a flexible base.

[0124] In step 602, an active layer is formed on a side of
the base. The active layer includes a first active layer pattern
and a second active layer pattern that are spaced apart from
each other.

[0125] Optionally, with reference to FIG. 7 and FIG. 8, in
the embodiments of the present disclosure, the active layer
20 is formed on a side of the base 10 by a sputtering process.
FIG. 9 shows a top view of a display panel, in which an
active layer 20 is formed on a side of the base 10.

[0126] In some embodiments, the material of the active
layer 20 includes metal oxides such as indium gallium zinc
oxide (IGZ0), indium zinc oxide (IZO), indium gallium
oxide (IGO), indium tin zinc oxide (ITZ0), and gallium tin
oxide (ZTO).

[0127] In the embodiments of the present disclosure, one
of the first active layer pattern 201 and the second active
layer pattern 202 belongs to the first drive transistor (i.e.,
T3-1 shown in FIG. 3) in the display panel, and the other one
of the first active layer pattern 201 and the second active
layer pattern 202 belongs to the second drive transistor (i.e.,
T3-2 shown in FIG. 3) in the display panel. That is, the
active layer 20 includes the active layer pattern of the first
drive transistor T3-1 and the active layer pattern of the
second drive transistor T3-2.

[0128] In step 603, a first gate insulating layer is formed
on the side of the first active layer pattern away from the
base. The first gate insulating layer covers the first active
layer pattern.

[0129] In some embodiments, with continued reference to
FIG. 7 and FIG. 8, after the active layer 20 is formed, the
first gate insulating layer 30 is formed by chemical vapor
deposition. Further, the first gate insulating layer 30 is
patterned by photoetching (which is also referred to as a
patterning process) to form the pattern in the top view shown
in FIG. 10. The patterning process includes: exposure,
development, etching, and the like. The first gate insulating
layer 30 is disposed to cover the first active layer pattern
201, and the gate insulating layer at the first active layer
pattern 20 is thickened, thereby forming the first drive
transistor T3-1 with a larger subthreshold swing ss.

[0130] In some embodiments, the material of the first gate
insulating layer 30 includes silicon dioxide SiO,, aluminum
oxide Al,O,, hafnium dioxide HfO,, zirconium dioxide
Zr0,, titanium oxide TiOx or silicon nitride SiNx.

[0131] In step 604, plasma treatment is performed on the
surface of the second active layer pattern away from the
base.

[0132] In some embodiments, with reference to FIG. 7 to
FIG. 9, nitrogen dioxide N,O or oxygen O, plasma treat-
ment is performed on the surface of the second active layer
pattern 202 away from the base 10, to enable the threshold
voltage Vth of the transistor in the region to be positively
biased.

[0133] In step 605, a second gate insulating layer is
formed on the side of the second active layer pattern away
from the base. The second gate insulating layer covers the
second active layer pattern and the first gate insulating layer.
[0134] In some embodiments, with continued reference to
FIG. 7 and FIG. 8, after the plasma treatment is performed
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on the surface of the second active layer pattern 202 away
from the base 10, the second gate insulating layer 40 is
deposited by chemical vapor deposition. The material of the
second gate insulating layer 40 also includes: silicon dioxide
Si0,, aluminum oxide Al,O;, hafnium dioxide HfO,, zir-
conium dioxide ZrO,, titanium oxide TiOx or silicon nitride
SiNx as described in the foregoing embodiments. The sec-
ond gate insulating layer 40 is disposed to cover the first gate
insulating layer 30 and the second active layer pattern 202.
In this way, the thickness of a part of the gate insulating layer
(including the first gate insulating layer 30 and the second
gate insulating layer 40) covering the first active layer
pattern 201 is greater than the thickness of a part of the gate
insulating layer covering the second active layer pattern 202.
That is, the thickness of the gate insulating layer covering
the first active layer pattern 201 is different from the
thickness of the gate insulating layer covering the second
active layer pattern 202, and the gate insulating layer has
different thicknesses on the two active layer patterns.

[0135] The thicker the gate insulating layer is, the smaller
the capacitance of the formed transistor is, and the weaker
the gate electric field is; otherwise, the thinner the gate
insulating layer is, the larger the capacitance of the formed
transistor is, and the stronger the gate electric field is.
Therefore, two drive transistors with a larger subthreshold
swing ss and a smaller subthreshold swing ss can be formed.
That is, the subthreshold swings ss of the first drive tran-
sistor T3-1 and the second drive transistor T3-2 shown in
FIG. 2 are different. That is, as described in the foregoing
embodiments, in the first drive transistor T3-1 and the
second drive transistor T3-2, the subthreshold swing ss of
one drive transistor is greater than the subthreshold swing ss
of the other drive transistor. Furthermore, by forming the
first gate insulating layer 30 first and then forming the
second gate insulating layer 40, two drive transistors con-
nected in parallel are manufactured.

[0136] In other words, in the embodiments of the present
disclosure, after the corresponding active layer 20 is pro-
vided, a gate insulating layer needs to be provided to cover
the active layer 20. In this way, the two drive transistors
manufactured not only are connected in parallel, but also
have different subthreshold swings ss. Connecting the two
drive transistors in parallel can neutralize the performances
of the two drive transistors, thereby improving the sub-
threshold swings ss of the drive transistors of the drive
circuit, and improving the luminance control capability of
the display panel when the display panel displays low
grayscale images, without reducing the mobility. It can be
known from the foregoing embodiments that different sub-
threshold swings ss of the drive transistors are achieved by
providing the gate insulating layer with different thick-
nesses.

[0137] Optionally, in the embodiments of the present
disclosure, the first active layer pattern 201 belongs to the
first drive transistor T3-1 in the display panel, and the second
active layer pattern 202 belongs to the second drive tran-
sistor T3-2 in the display panel. The subthreshold swing ss
of'the first drive transistor T3-1 is greater than the subthresh-
old swing ss of the second drive transistor T3-2. That is, in
the two drive transistors connected in parallel, the subthresh-
old swing ss of the drive transistor directly coupled to the
light emission control circuit is larger, and the mobility
thereof is lower; and the subthreshold swing ss of the other
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drive transistor is smaller, and the mobility is higher, thereby
better improving the subthreshold swing.

[0138] In some embodiments, on the basis of the forego-
ing embodiments, with continued reference to FIG. 7 and
FIG. 8, the thickness of the portion, overlapped with the
orthographic projection of the first active layer pattern 201
on the base 10, of the second gate insulating layer 40 is equal
to the thickness of the portion, overlapped with the ortho-
graphic projection of the second active layer pattern 202 on
the base 10, of the second gate insulating layer 40.

[0139] Further, the second gate insulating layer 40 has the
same thickness at the first active layer pattern 201 and the
second active layer pattern 202, which ensures that the
structures of two drive transistors connected in parallel can
be formed reliably.

[0140] In some embodiments, with continued reference to
the sectional views shown in FIG. 7 and FIG. 8, before the
active layer 20 is formed on the side of the base 10 (i.e., the
above step 602), the manufacturing method further includes:
forming a flexible material layer 50 on the side of the base
10.

[0141] In some embodiments, the flexible material
includes polyimide (PI), and on this basis, the flexible
material layer 50 is also referred to as a PI layer.

[0142] Next, a first buffer layer 60 is formed on the side of
the flexible material layer 50 away from the base 10.
[0143] In some embodiments, the material of the first
buffer layer 60 includes silicon dioxide SiO,, silicon nitride
SiNx or silicon oxynitride SiON.

[0144] Correspondingly, forming the active layer 20 on
the side of the base 10 includes: forming the active layer 20
on the side of the first buffer layer 60 away from the base 10.
[0145] In some embodiments, with continued reference to
FIG. 8, before the active layer 20 is formed on the side of the
first buffer layer 60 away from the base 10 (i.e., the above
step 602), the manufacturing method further includes: form-
ing a first gate layer 70 on the side of the first buffer layer
60 away from the base 10; and forming a second buffer layer
80 on the side of the first gate layer 70 away from the first
buffer layer 60. The second buffer layer 80 covers the first
gate layer 70. That is, the second buffer layer 80 is disposed
to cover the first gate layer 70.

[0146] In some embodiments, the first gate layer 70 and
the second buffer layer 80 are sequentially deposited on the
side of the first buffer layer 60 away from the base 10.
[0147] In some embodiments, the material of the first gate
layer 70 includes metals such as molybdenum (Mo), tita-
nium (Ti), aluminum (Al), copper (Cu), indium tin oxide
(ITO), and argentum (Ag), and alloys thereof, and the first
gate layer 70 is patterned by photoetching. The material of
the second buffer layer 80 includes silicon dioxide SiO,,
aluminum oxide Al,O;, hafnium dioxide HfO,, zirconium
dioxide ZrO,, titanium oxide TiOx or silicon nitride SiNx.
[0148] That is, two implementations shown in FIG. 7 and
FIG. 8 are provided for the display panel in the embodiments
of the present disclosure. The structure shown in FIG. 8 is
a dual-gate transistor structure. When the dual-gate structure
shown in FIG. 8 is manufactured, the first buffer layer 60 as
described in the foregoing embodiments needs to be formed
first, next, the first gate layer 70 is formed on the first buffer
layer 60, and then the second buffer layer 80 is deposited on
the first gate layer 70 by chemical vapor deposition. The
second buffer layer 80 is disposed to cover the first gate layer
70 and the exposed first buffer layer 60. The first gate layer
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70 is formed before the active layer 20 is formed, which
provides a condition for forming the transistor having the
dual-gate structure later.

[0149] Correspondingly, forming the active layer 20 on
the side of the first buffer layer 60 away from the base 10
includes: forming the active layer 20 on the side of the
second buffer layer 80 away from the base 10.

[0150] In some embodiments, with continued reference to
FIG. 7 and FIG. 8, after the second gate insulating layer is
formed on the side of the base 10 (i.e., the above step 605),
the manufacturing method further includes the followings.
[0151] A second gate layer 90 is formed on the side of the
second gate insulating layer 40 away from the base 10. That
is, the second gate layer 90 is disposed on the second gate
insulating layer 40.

[0152] A first interlayer dielectric layer 100 is formed on
the side of the second gate layer 90 away from the second
gate insulating layer 40, and the first interlayer dielectric
layer 100 covers the second gate layer 90. That is, the first
interlayer dielectric layer 100 is disposed on the second gate
layer 90, and the first interlayer dielectric layer 100 is
disposed to cover the second gate layer 90.

[0153] A third gate layer 101 is formed on the side of the
first interlayer dielectric layer 100 away from the second
gate layer 90. That is, the third gate layer 101 is disposed on
the first interlayer dielectric layer 100.

[0154] A second interlayer dielectric layer 102 is formed
on the side of the third gate layer 101 away from the first
interlayer dielectric layer 100, and the second interlayer
dielectric layer 102 covers the third gate layer 101. That is,
the second interlayer dielectric layer 102 is disposed on the
third gate layer 101, and the second interlayer dielectric
layer 102 is disposed to cover the third gate layer 101.
[0155] A source/drain layer 103 is formed on the side of
the second interlayer dielectric layer 102 away from the
third gate layer 101. The source/drain layer 103 is coupled
to the active layer 20 through a via hole K1 penetrating
through the second interlayer dielectric layer 102, the first
interlayer dielectric layer 100, the second gate insulating
layer 40 and the first gate insulating layer 30. That is, the
source/drain layer 103 is formed on the second interlayer
dielectric layer 102, and the source/drain layer 103 is
coupled to the active layer 20 through the via hole K1.
[0156] A planarization layer 104 is formed on the side of
the source/drain layer 103 away from the second interlayer
dielectric layer 102. That is, the planarization layer 104
covers the source/drain layer 103.

[0157] An anode layer 105 is formed on the side of the
planarization layer 104 away from the source/drain layer
103. The anode layer 105 is coupled to the source/drain layer
103 through a via hole K2 penetrating through the planar-
ization layer 104. That is, the anode layer 105 is deposited
on the planarization layer 104, and the anode layer 105 is
coupled to the source/drain layer 103 through the via hole
K2.

[0158] A pixel defining layer 106 is formed on a side of the
planarization layer 104. The pixel defining layer 106 covers
the planarization layer 104 and partially exposes the anode
layer 105. In some embodiments, the pixel defining layer
106 is an organic film layer, and correspondingly, an organic
film layer is formed. The organic film layer is disposed to
cover the planarization layer 104 and partially expose the
anode layer 105.
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[0159] For the structures shown in FIG. 7 and FIG. 8, after
the second gate insulating layer 40 and the two drive
transistors are formed, the second gate layer 90 is disposed
on the second gate insulating layer 40. For the structure
shown in FIG. 7, the second gate layer 90 is the first gate
layer, and the material of the second gate layer 90 also
includes metals such as molybdenum (Mo), titanium (Ti),
aluminum (Al), copper (Cu), indium tin oxide (ITO), and
argentum (Ag), and alloys thereof, and the second gate layer
90 is patterned by photoetching to form the structure shown
in FIG. 11.

[0160] Next, the first interlayer dielectric layer 100 is
deposited by chemical vapor deposition. The first interlayer
dielectric layer 100 covers the second gate layer 90, and the
material of the first interlayer dielectric layer 100 includes
silicon dioxide SiO,, aluminum oxide Al,Oj;, hafhium diox-
ide HfO,, zirconium dioxide ZrO,, titanium oxide TiOx or
silicon nitride SiNx.

[0161] Next, the third gate layer 101 is formed on the first
interlayer dielectric layer 100. The material of the third gate
layer 101 also includes metals such as molybdenum (Mo),
titanium (M), aluminum (Al), copper (Cu), indium tin oxide
(ITO), and argentum (Ag), and alloys thereof, and the third
gate layer 101 is patterned by photoetching to form the
structure shown in FIG. 12.

[0162] Next, the second interlayer dielectric layer 102 is
deposited by chemical vapor deposition. The material of the
second interlayer dielectric layer 102 also includes silicon
dioxide SiO,, aluminum oxide Al,O;, hafnium dioxide
HfO,, zirconium dioxide ZrO,, titanium oxide TiOx or
silicon nitride SiNx. The first interlayer dielectric layer 100,
the second interlayer dielectric layer 102, the first gate
insulating layer 30, and the second gate insulating layer 40
are all provided with a via hole, and the corresponding active
layer pattern is exposed from the via hole to form the
structure shown in FIG. 13.

[0163] Next, the source/drain layer 103 is deposited on the
second interlayer dielectric layer 102 by sputtering. The
material of the source/drain layer 103 also includes metals
such as molybdenum (Mo), titanium (T), aluminum (Al),
copper (Cu), indium tin oxide (ITO), and argentum (Ag),
and alloys thereof. The source/drain layer 103 is patterned
by photoetching, and the source/drain layer 103 is further
coupled to the corresponding active layer 20 through the via
hole described above to form the structure shown in FIG. 14.
[0164] Next, the planarization layer 104 is manufactured,
and is patterned by photoetching.

[0165] Next, the anode layer 105 is deposited on the
planarization layer 104 by sputtering. The material of the
anode layer 105 also include metals such as molybdenum
(Mo), titanium (M), aluminum (Al), copper (Cu), indium tin
oxide (ITO), and argentum (Ag), and alloys thereof. The
anode layer 105 is patterned by photoetching, and the anode
layer 105 is coupled to the source/drain layer 103 through
the via hole formed in the planarization layer 104.

[0166] Finally, the organic film layer (i.e., the pixel defin-
ing layer 106) is manufactured, and is patterned by photo-
etching. The organic film layer partially exposes the anode
layer.

[0167] The above steps are the same as the steps in the
methods for manufacturing the structures shown in FIG. 7
and FIG. 8.

[0168] The display panel manufactured according to the
above steps has two drive transistors connected in parallel.
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The subthreshold swing ss of one drive transistor is larger,
the subthreshold swing ss of the other drive transistor is
smaller, and the subthreshold swings ss can be neutralized
by connecting the two structures in parallel. Furthermore,
the gate insulating layers having different thicknesses are
manufactured separately in the above steps. After the first
gate insulating layer is manufactured, a part of the active
layer is processed when plasma treatment is performed on
the surface of the first gate insulating layer.

[0169] In summary, the embodiments of the present dis-
closure provide a method for manufacturing a display panel.
In the display panel manufactured according to this method,
the thickness of the gate insulating layer on a side of the
active layer pattern of the first drive transistor is different
from the thickness of the gate insulating layer on a side of
the active layer pattern of the second drive transistor. There-
fore, the subthreshold swing of one drive transistor is greater
than the subthreshold swing of the other drive transistor, and
the subthreshold swings of the two drive transistors can be
neutralized, which can improve the device subthreshold
swing while maintaining the device mobility. Thus, a better
display effect of the display panel is ensured.

[0170] Based on the same inventive concept, the embodi-
ments of the present disclosure further provide a display
device. As shown in FIG. 15, the display device includes a
power supply assembly J1, and the display panel M1 as
shown in FIG. 5. The power supply assembly J1 is coupled
to the display panel M1, and is configured to supply power
to the display panel M1.

[0171] In some embodiments, the display device provided
in the embodiments of the present disclosure includes a
display, a mobile phone, a television, a notebook computer
and/or a navigator, etc., and other essential components of
the display device are understood to be included by those of
ordinary skill in the art, and details are not described herein
again.

[0172] It should be understood that the orientations or
positional relationships indicated by terms “center,” “longi-
tudinal,” “transverse,” “on,” “under,” “front,” “back,” “left,”
“right,” “vertical,” “horizontal,” “top,” “bottom,” “inner,”
“outer” and the like are shown based on the drawings, and
are merely for ease of description of the embodiments and
simplified description of the present disclosure, but not
intended to indicate or imply that the device or element must
be oriented specifically, be constructed and operated in a
specific orientation. Therefore, the orientations or positional
relationships cannot be construed as limiting the embodi-
ments of the present disclosure. The orientation words
“inner and outer” refer to the inner and outer relative to the
contour of the component itself. Furthermore, the terms
“first” and “second” are for descriptive purposes only and
shall not be construed as indicating or implying relative
importance or implicitly indicating the amount of the indi-
cated technical features. Thus, the features defined by “first”
or “second” may explicitly or implicitly include one or more
of the features.

[0173] For ease of description, spatial relative terms such
as “on,” “over,” “on the surface of . . . ,” “above,” and the
like herein are used to describe the spatial positional rela-
tionship between one device or feature and other devices or
features as shown in the figures. It should be understood that
the spatial relative terms are intended to encompass different
orientations in use or operation in addition to the orientation
of the device described in the figures. For example, if a
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device in the figures is turned upside down, the device
described as being “over” or “on” other devices or structures
will be positioned “below” or “under” the other devices or
structures. Thus, the exemplary term “over” may include
both orientations of “over” and “below”. The device may
also be rotated 90 degrees or in other orientations in other
different ways, and the spatial relative description shall be
explained correspondingly.

[0174] The descriptions above are merely some embodi-
ments of the present disclosure and are to describe the
technical principles used in the embodiments. It should be
understood by those skilled in the art that the invention
scope of the present disclosure is not limited to the technical
solutions of the specific combinations of the above technical
features, and shall also encompass other technical solutions
of' any combinations of the above technical features or their
equivalents without departing from the inventive concept,
for example, the technical solutions formed by exchanging
the above features with technical features with similar
functions disclosed (not limited) in the present disclosure.

1. A pixel driving circuit, comprising: a light emission
control circuit and a drive circuit; wherein

the light emission control circuit is coupled to a gate
signal terminal, a data signal terminal, a reset signal
terminal, an initial power supply terminal, and a control
terminal of the drive circuit, and the light emission
control circuit is configured to control a potential of the
control terminal of the drive circuit based on a gate
driving signal provided by the gate signal terminal, a
data signal provided by the data signal terminal, a reset
signal provided by the reset signal terminal, and an
initial power supply signal provided by the initial
power supply terminal; and

an output terminal of the drive circuit is configured to be
coupled to a light-emitting element, and the drive
circuit is configured to transmit a light emission driving
signal to the light-emitting element based on the poten-
tial of the control terminal of the drive circuit, to drive
the light-emitting element to emit light;

wherein the drive circuit comprises a first drive transistor
and a second drive transistor connected in parallel; and
a subthreshold swing of one of the first drive transistor
and the second drive transistor is greater than a sub-
threshold swing of the other one of first drive transistor
and the second drive transistor.

2. The pixel driving circuit according to claim 1, wherein

a gate of the first drive transistor acts as the control
terminal of the drive circuit and is coupled to the light
emission control circuit, and a gate of the second drive
transistor is coupled to the gate of the first drive
transistor; and

the subthreshold swing of the first drive transistor is

greater than the subthreshold swing of the second drive
transistor.

3. The pixel driving circuit according to claim 1, wherein
the light emission control circuit comprises: a first reset
sub-circuit, a data writing sub-circuit and a compensation
control sub-circuit; wherein

the first reset sub-circuit is coupled to the reset signal
terminal, the initial power supply terminal, and the
control terminal of the drive circuit, and the first reset
sub-circuit is configured to control connection or dis-
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connection between the initial power supply terminal
and the control terminal of the drive circuit in response
to the reset signal;

the data writing sub-circuit is coupled to the gate signal

terminal, the data signal terminal, and an input terminal
of the drive circuit, and the data writing sub-circuit is
configured to control connection or disconnection
between the data signal terminal and the input terminal
of the drive circuit in response to the gate driving
signal; and

the compensation control sub-circuit is coupled to the gate

signal terminal, the output terminal of the drive circuit,
and the control terminal of the drive circuit, and the
compensation control sub-circuit is configured to con-
trol connection or disconnection between the output
terminal of the drive circuit and the control terminal of
the drive circuit in response to the gate driving signal.
4. The pixel driving circuit according to claim 3, wherein
the light emission control circuit further comprises: a first
light emission control sub-circuit, a second light emission
control sub-circuit, a second reset sub-circuit and a storage
sub-circuit; wherein
the first light emission control sub-circuit is coupled to a
light emission control terminal, a driving power supply
terminal, and the input terminal of the drive circuit, and
the first light emission control sub-circuit is configured
to control connection or disconnection between the
driving power supply terminal and the input terminal of
the drive circuit in response to a light emission control
signal provided by the light emission control terminal;

the second light emission control sub-circuit is coupled to
the light emission control terminal and the output
terminal of the drive circuit and is configured to be
coupled to the light-emitting element, and the second
light emission control sub-circuit is configured to con-
trol connection or disconnection between the output
terminal of the drive circuit and the light-emitting
element in response to the light emission control signal;

the second reset sub-circuit is coupled to the reset signal
terminal and the initial power supply terminal and is
configured to be coupled to the light-emitting element,
and the second reset sub-circuit is configured to control
connection or disconnection between the initial power
supply terminal and the light-emitting element in
response to the reset signal; and

the storage sub-circuit is coupled to the driving power

supply terminal and the control terminal of the drive
circuit, and the storage sub-circuit is configured to store
the potential of the control terminal of the drive circuit
based on the driving power supply signal.

5. The pixel driving circuit according to claim 4, wherein
the first reset sub-circuit comprises: a first reset transistor;
the second reset sub-circuit comprises: a second reset tran-
sistor; the data writing sub-circuit comprises: a data writing
transistor; the compensation control sub-circuit comprises: a
compensation transistor; the first light emission control
sub-circuit comprises: a first light emission control transis-
tor; the second light emission control sub-circuit comprises:
a second light emission control transistor; and the storage
sub-circuit comprises: a storage capacitor; wherein

a gate of the first reset transistor and a gate of the second

reset transistor are coupled to the reset signal terminal,
a first electrode of the first reset transistor and a first
electrode of the second reset transistor are coupled to
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the initial power supply terminal, a second electrode of
the first reset transistor is coupled to a control node, and
a second electrode of the second reset transistor is
configured to be coupled to the light-emitting element;

a gate of the data writing transistor and a gate of the
compensation transistor are coupled to the gate signal
terminal, a first electrode of the data writing transistor
is coupled to the data signal terminal, a second elec-
trode of the data writing transistor is coupled to an input
node, a first electrode of the compensation transistor is
coupled to the control node, and a second electrode of
the compensation transistor is coupled to an output
node;

a gate of the first light emission control transistor and a
gate of the second light emission control transistor are
coupled to the light emission control terminal, a first
electrode of the first light emission control transistor is
coupled to the driving power supply terminal, a second
electrode of the first light emission control transistor is
coupled to the input node, a first electrode of the second
light emission control transistor is coupled to the output
node, and a second electrode of the second light emis-
sion control transistor is configured to be coupled to the
light-emitting element;

one terminal of the storage capacitor is coupled to the
driving power supply terminal, and the other terminal
of the storage capacitor is coupled to the control node;
and

a gate of the first drive transistor is coupled to the control
node, a gate of the second drive transistor is coupled to
the gate of the first drive transistor, a first electrode of
the first drive transistor and a first electrode of the
second drive transistor are coupled to the input node,
and a second electrode of the first drive transistor and
a second electrode of the second drive transistor are
coupled to the output node.

6. The pixel driving circuit according to claim 5, wherein
all the transistor in the pixel driving circuit are P-type
transistors.

7. A display panel, comprising: a base and a plurality of
pixels disposed on a side of the base; wherein

each of the plurality of pixels comprises a light-emitting
element, and a pixel driving circuit, wherein the pixel
driving circuit is coupled to the light-emitting element,
and is configured to drive the light-emitting element to
emit light, and the pixel driving circuit comprises: a
light emission control circuit and a drive circuit;
wherein

the light emission control circuit is coupled to a gate
signal terminal, a data signal terminal, a reset signal
terminal, an initial power supply terminal, and a control
terminal of the drive circuit, and the light emission
control circuit is configured to control a potential of the
control terminal of the drive circuit based on a gate
driving signal provided by the gate signal terminal, a
data signal provided by the data signal terminal, a reset
signal provided by the reset signal terminal, and an
initial power supply signal provided by the initial
power supply terminal; and

an output terminal of the drive circuit is configured to be
coupled to a light-emitting element, and the drive
circuit is configured to transmit a light emission driving
signal to the light-emitting element based on the poten-
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tial of the control terminal of the drive circuit, to drive
the light-emitting element to emit light;

wherein the drive circuit comprises a first drive transistor

and a second drive transistor connected in parallel; and
a subthreshold swing of one of the first drive transistor
and the second drive transistor is greater than a sub-
threshold swing of the other one of first drive transistor
and the second drive transistor.

8. A method for manufacturing a display panel, applicable
to the display panel according to claim 7, the method
comprising:

providing a base;

forming an active layer on a side of the base, wherein the

active layer comprises a first active layer pattern and a
second active layer pattern spaced apart from each
other, wherein one of the first active layer pattern and
the second active layer pattern belongs to a first drive
transistor in the display panel, and the other one of the
first active layer pattern and the second active layer
pattern belongs to a second drive transistor in the
display panel;

forming a first gate insulating layer on a side of the first

active layer pattern away from the base, wherein the
first gate insulating layer covers the first active layer
pattern;

performing plasma treatment on a surface of the second

active layer pattern away from the base; and

forming a second gate insulating layer on a side of the

second active layer pattern away from the base,
wherein the second gate insulating layer covers the
second active layer pattern and the first gate insulating
layer.

9. The method according to claim 8, wherein the first
active layer pattern belongs to the first drive transistor in the
display panel, and the second active layer pattern belongs to
the second drive transistor in the display panel.

10. The method according to claim 8, wherein a thickness
of a portion, overlapped with an orthographic projection of
the first active layer pattern on the base, of the second gate
insulating layer is equal to a thickness of a portion, over-
lapped with an orthographic projection of the second active
layer pattern on base, of the second gate insulating layer.

11. The method according to claim 8, wherein prior to
forming the active layer on the side of the base, the method
further comprises:

forming a flexible material layer on the side of the base;

and

forming a first buffer layer on a side of the flexible

material layer away from the base;

forming the active layer on the side of the base comprises:

forming the active layer on a side of the first buffer
layer away from the base.

12. The method according to claim 11, wherein prior to
forming the active layer on the side of the first buffer layer
away from the base, the method further comprises:

forming a first gate layer on the side of the first buffer

layer away from the base; and
forming a second buffer layer on a side of the first gate
layer away from the first buffer layer, wherein the
second buffer layer covers the first gate layer;

forming the active layer on the side of the first buffer layer
away from the base comprises:

forming the active layer on a side of the second buffer

layer away from the base.
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13. The method according to claim 8, wherein after
forming the second gate insulating layer on the side of the
base, the method further comprises:

forming a second gate layer on a side of the second gate

insulating layer away from the base;

forming a first interlayer dielectric layer on a side of the

second gate layer away from the second gate insulating
layer, wherein the first interlayer dielectric layer covers
the second gate layer;
forming a third gate layer on a side of the first interlayer
dielectric layer away from the second gate layer;

forming a second interlayer dielectric layer on a side of
the third gate layer away from the first interlayer
dielectric layer, wherein the second interlayer dielectric
layer covers the third gate layer;
forming a source/drain layer on a side of the second
interlayer dielectric layer away from the third gate
layer, wherein the source/drain layer is coupled to the
active layer through a via hole penetrating through the
second interlayer dielectric layer, the first interlayer
dielectric layer and the gate insulating layer;
forming a planarization layer on a side of the source/drain
layer away from the second interlayer dielectric layer;

forming an anode layer on a side of the planarization layer
away from the source/drain layer, wherein the anode
layer is coupled to the source/drain layer through a via
hole penetrating through the planarization layer; and

forming a pixel defining layer on a side of the anode layer
away from the planarization layer, wherein the pixel
defining layer covers the planarization layer and par-
tially exposes the anode layer.

14. A display device, comprising: a power supply assem-
bly, and a display panel; wherein

the power supply assembly is coupled to the display

panel, and is configured to supply power to the display
panel; and

the display panel comprises: a base and a plurality of

pixels disposed on a side of the base; wherein

each of the plurality of pixels comprises a light-emitting

element and a pixel driving circuit, the pixel driving
circuit being coupled to the light-emitting element, and
being configured to drive the light-emitting element to
emit light, and the pixel driving circuit comprising: a
light emission control circuit and a drive circuit;
wherein

the light emission control circuit is coupled to a gate

signal terminal, a data signal terminal, a reset signal
terminal, an initial power supply terminal, and a control
terminal of the drive circuit, and the light emission
control circuit is configured to control a potential of the
control terminal of the drive circuit based on a gate
driving signal provided by the gate signal terminal, a
data signal provided by the data signal terminal, a reset
signal provided by the reset signal terminal, and an
initial power supply signal provided by the initial
power supply terminal; and

an output terminal of the drive circuit is configured to be

coupled to a light-emitting element, and the drive
circuit is configured to transmit a light emission driving
signal to the light-emitting element based on the poten-
tial of the control terminal of the drive circuit, to drive
the light-emitting element to emit light;

wherein the drive circuit comprises a first drive transistor

and a second drive transistor connected in parallel; and
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a subthreshold swing of one of the first drive transistor
and the second drive transistor is greater than a sub-
threshold swing of the other one of first drive transistor
and the second drive transistor.

15. The display panel according to claim 7, wherein

a gate of the first drive transistor acts as the control

terminal of the drive circuit and is coupled to the light
emission control circuit, and a gate of the second drive
transistor is coupled to the gate of the first drive
transistor; and

the subthreshold swing of the first drive transistor is

greater than the subthreshold swing of the second drive
transistor.

16. The display panel according to claim 7, wherein the
light emission control circuit comprises: a first reset sub-
circuit, a data writing sub-circuit and a compensation control
sub-circuit; wherein

the first reset sub-circuit is coupled to the reset signal

terminal, the initial power supply terminal, and the
control terminal of the drive circuit, and the first reset
sub-circuit is configured to control connection or dis-
connection between the initial power supply terminal
and the control terminal of the drive circuit in response
to the reset signal;

the data writing sub-circuit is coupled to the gate signal

terminal, the data signal terminal, and an input terminal
of the drive circuit, and the data writing sub-circuit is
configured to control connection or disconnection
between the data signal terminal and the input terminal
of the drive circuit in response to the gate driving
signal; and

the compensation control sub-circuit is coupled to the gate

signal terminal, the output terminal of the drive circuit,
and the control terminal of the drive circuit, and the
compensation control sub-circuit is configured to con-
trol connection or disconnection between the output
terminal of the drive circuit and the control terminal of
the drive circuit in response to the gate driving signal.

17. The display panel according to claim 16, wherein the
light emission control circuit further comprises: a first light
emission control sub-circuit, a second light emission control
sub-circuit, a second reset sub-circuit and a storage sub-
circuit; wherein

the first light emission control sub-circuit is coupled to a

light emission control terminal, a driving power supply
terminal, and the input terminal of the drive circuit, and
the first light emission control sub-circuit is configured
to control connection or disconnection between the
driving power supply terminal and the input terminal of
the drive circuit in response to a light emission control
signal provided by the light emission control terminal;
the second light emission control sub-circuit is coupled to
the light emission control terminal and the output
terminal of the drive circuit and is configured to be
coupled to the light-emitting element, and the second
light emission control sub-circuit is configured to con-
trol connection or disconnection between the output
terminal of the drive circuit and the light-emitting
element in response to the light emission control signal;
the second reset sub-circuit is coupled to the reset signal
terminal and the initial power supply terminal and is
configured to be coupled to the light-emitting element,
and the second reset sub-circuit is configured to control
connection or disconnection between the initial power
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supply terminal and the light-emitting element in
response to the reset signal; and

the storage sub-circuit is coupled to the driving power
supply terminal and the control terminal of the drive
circuit, and the storage sub-circuit is configured to store
the potential of the control terminal of the drive circuit
based on the driving power supply signal.

18. The display panel according to claim 17, wherein the
first reset sub-circuit comprises: a first reset transistor; the
second reset sub-circuit comprises: a second reset transistor;
the data writing sub-circuit comprises: a data writing tran-
sistor; the compensation control sub-circuit comprises: a
compensation transistor; the first light emission control
sub-circuit comprises: a first light emission control transis-
tor; the second light emission control sub-circuit comprises:
a second light emission control transistor; and the storage
sub-circuit comprises: a storage capacitor; wherein

a gate of the first reset transistor and a gate of the second
reset transistor are coupled to the reset signal terminal,
a first electrode of the first reset transistor and a first
electrode of the second reset transistor are coupled to
the initial power supply terminal, a second electrode of
the first reset transistor is coupled to a control node, and
a second electrode of the second reset transistor is
configured to be coupled to the light-emitting element;

a gate of the data writing transistor and a gate of the
compensation transistor are coupled to the gate signal
terminal, a first electrode of the data writing transistor
is coupled to the data signal terminal, a second elec-
trode of the data writing transistor is coupled to an input
node, a first electrode of the compensation transistor is
coupled to the control node, and a second electrode of
the compensation transistor is coupled to an output
node;

a gate of the first light emission control transistor and a
gate of the second light emission control transistor are
coupled to the light emission control terminal, a first
electrode of the first light emission control transistor is
coupled to the driving power supply terminal, a second
electrode of the first light emission control transistor is
coupled to the input node, a first electrode of the second
light emission control transistor is coupled to the output
node, and a second electrode of the second light emis-
sion control transistor is configured to be coupled to the
light-emitting element;

one terminal of the storage capacitor is coupled to the
driving power supply terminal, and the other terminal
of the storage capacitor is coupled to the control node;
and

a gate of the first drive transistor is coupled to the control
node, a gate of the second drive transistor is coupled to
the gate of the first drive transistor, a first electrode of
the first drive transistor and a first electrode of the
second drive transistor are coupled to the input node,
and a second electrode of the first drive transistor and
a second electrode of the second drive transistor are
coupled to the output node.

19. The display panel according to claim 18, wherein all
the transistor in the pixel driving circuit are P-type transis-
tors.

20. The display device according to claim 14, wherein

a gate of the first drive transistor acts as the control

terminal of the drive circuit and is coupled to the light
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emission control circuit, and a gate of the second drive
transistor is coupled to the gate of the first drive
transistor; and

the subthreshold swing of the first drive transistor is
greater than the subthreshold swing of the second drive
transistor.



