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(57) ABSTRACT

Embodiments of the present disclosure provide an array
substrate, a method for manufacturing an array substrate, a
display panel, and a display device. The array substrate
includes a plurality of pixels, each of the pixels includes a
plurality of sub-pixels, wherein each of the plurality of
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ARRAY SUBSTRATE, METHOD FOR
MANUFACTURING ARRAY SUBSTRATE,
DISPLAY PANEL, AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Chinese Patent
Application No. 201811115483 .4 filed on Sep. 25, 2018 in
China National Intellectual Property Administration, the
disclosure of which is incorporated herein by reference in
entirety.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure relate to the
field of display technology, and in particular, to an array
substrate, a method for manufacturing an array substrate, a
display panel, and a display device.

BACKGROUND

[0003] Organic Light Emitting Diode (OLED) display
devices have various advantages such as white light emis-
sion, low driving voltage, high luminous efficiency, short
response time, high definition and contrast ratio, nearly 180°
viewing angle, wide working temperature range, flexible
display and large-area full-color display, and so on, and
therefore they are recognized as the most promising display
devices by the industry.

[0004] Among them, the contrast ratio is an important
parameter of OLED, and a higher contrast ratio can give
users a good visual experience. The contrast ratio of the
display device refers to a value obtained by dividing a
brightness of a white picture (in a brightest state) by a
brightness of a black picture (in a darkest state). It can be
seen that increasing the maximum display brightness is of
great significance for improving the contrast ratio.

SUMMARY

[0005] In a first aspect, some embodiments of the present
disclosure provide an array substrate comprising a plurality
of pixels, each of the pixels comprising a plurality of
sub-pixels,

[0006] wherein each of the plurality of sub-pixels com-
prises a base substrate, an insulating layer, a color filter
layer, a planarization layer, and an organic light emitting
unit, and

[0007] wherein the insulating layer covers the base sub-
strate, the insulating layer is provided with a first opening,
at least a portion of the color filter layer is filled in the first
opening, the planarization layer covers over the insulating
layer and a surface of the color filter layer, and the organic
light emitting unit is disposed on the planarization layer.

[0008] According to some embodiments of the present
disclosure, the first opening extends through the insulating
layer.

[0009] According to some embodiments of the present

disclosure, the first opening extends into the insulating layer
but does not extend through the insulating layer.

[0010] According to some embodiments of the present
disclosure, each of the plurality of sub-pixels further com-
prises a transparent etching barrier layer between the color
filter layer and the base substrate.

[0011] According to some embodiments of the present
disclosure, each of the plurality of sub-pixels further com-
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prises a light shielding layer covering the base substrate, and
atop gate thin film transistor, the top gate thin film transistor
comprising a gate electrode, a source electrode, a drain
electrode, an active layer and a gate insulating layer.
[0012] According to some embodiments of the present
disclosure, each of the plurality of sub-pixels further com-
prises a pixel capacitor, the pixel capacitor comprising a first
electrically conductive layer and a second electrically con-
ductive layer;

[0013] wherein the first electrically conductive layer cov-
ers the base substrate, the first electrically conductive layer
is electrically connected to the drain electrode, and first
electrically conductive layers of two adjacent ones of the
plurality of sub-pixels are insulated from each other; and
[0014] wherein the second electrically conductive layer
and the drain electrode cover a same layer, and the second
electrically conductive layer is electrically connected to the
gate electrode.

[0015] According to some embodiments of the present
disclosure, the light shielding layer covers the first electri-
cally conductive layer and is electrically connected to the
first electrically conductive layer, and the light shielding
layer is electrically connected to the drain electrode.
[0016] According to some embodiments of the present
disclosure, each of the plurality of sub-pixels further com-
prises a passivation layer covering surfaces of the source
electrode, the drain electrode and the second electrically
conductive layer; and

[0017] the insulating layer comprises a buffer layer and the
passivation layer, the buffer layer covering a surface of the
light shielding layer, the planarization covering the passi-
vation layer.

[0018] According to some embodiments of the present
disclosure, the organic light emitting unit comprises a trans-
parent electrode, at least a portion of the transparent elec-
trode covering the planarization layer, the transparent elec-
trode being electrically connected to the first electrically
conductive layer, the transparent electrode comprising a first
region, and

[0019] wherein an orthographic projection of the first
region on the base substrate at least partially overlaps with
an orthographic projection of the second electrically con-
ductive layer on the base substrate.

[0020] According to some embodiments of the present
disclosure, the planarization layer is provided with a second
opening extending through the planarization layer, and the
first region covers the passivation layer and is located in the
second opening.

[0021] According to some embodiments of the present
disclosure, the organic light emitting unit further comprises
an organic light emitting layer disposed on the transparent
electrode and an electrode disposed on the organic light
emitting layer.

[0022] According to some embodiments of the present
disclosure, the insulating layer comprises a buffer layer, an
interlayer dielectric layer covering the buffer layer, and a
passivation layer covering the interlayer dielectric layer, and
[0023] wherein a first sub-opening is provided in the
buffer layer, a second sub-opening is provided in the inter-
layer dielectric laver, and a third sub-opening is provided in
the passivation layer.

[0024] In a second aspect, some embodiments of the
present disclosure provide a display panel, comprising the
array substrate according to the first aspect.
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[0025] 1In athird aspect, some embodiments of the present
disclosure provide a display device, comprising the display
panel according to the second aspect.

[0026] In a fourth aspect, some embodiments of the pres-
ent disclosure provide a method for manufacturing an array
substrate, comprising:

[0027] providing a base substrate;

[0028] forming an insulating layer on the base substrate;
[0029] forming a first opening in the insulating layer;
[0030] forming a color filter layer such that at least a

portion of the color filter layer is filled in the first opening;
[0031] forming a planarization layer on the insulating
layer to cover a surface of the color filter layer; and
[0032] forming an organic light emitting unit on the pla-
narization layer.

[0033] According to some embodiments of the present
disclosure, before forming the insulating layer on the base
substrate, the method further comprises:

[0034] applying a conductive film on the base substrate
and patterning the conductive film to form first electrically
conductive layers, wherein the first electrically conductive
layers located in two adjacent sub-pixel regions are spaced
apart from each other; and

[0035] applying a light shielding film on the base substrate
and patterning the light shielding film to form a light
shielding layer.

[0036] According to some embodiments of the present
disclosure, the forming an insulating layer on the base
substrate comprises:

[0037] forming a buffer layer on the base substrate to
cover surfaces of the first electrically conductive layer and
the light shielding layer;

[0038] forming a top gate thin film transistor on the buffer
layer, wherein the top gate thin film transistor comprises a
gate electrode, a source electrode, a drain electrode, an
active layer and a gate insulating layer, the drain electrode
being electrically connected to the first electrically conduc-
tive layer through a first via hole;

[0039] forming a second electrically conductive layer over
the interlayer dielectric layer covered by the source elec-
trode and the drain electrode, so that the second electrically
conductive layer and the first electrically conductive layer
form a pixel capacitor therebetween; and

[0040] forming a passivation layer on the interlayer dielec-
tric layer to cover surfaces of the source electrode, the drain
electrode, and the second electrically conductive layer,

[0041] wherein the insulating layer comprises the buffer
layer, the interlayer dielectric layer, and the passivation
layer.

[0042] According to some embodiments of the present

disclosure, the forming an organic light emitting unit on the
planarization layer comprises:

[0043] forming a second via hole, which extends through
the planarization layer, the passivation layer and the inter-
layer dielectric layer, and is in communication with the first
electrically conductive layer;

[0044] forming a transparent electrode, at least a portion of
which is located on the planarization layer, such that the
transparent electrode is electrically connected to the first
electrically conductive layer through the second via hole,
and an orthographic projection of a first region of the
transparent electrode on the base substrate at least partially
overlaps with an orthographic projection of the second
electrically conductive layer on the base substrate.
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[0045] According to some embodiments of the present
disclosure, the forming the transparent electrode comprises:
[0046] forming a second opening, which extends through
the planarization layer, in the planarization layer; and
[0047] forming the transparent electrode such that the first
region covers the passivation layer and is located within the
second opening.

[0048] According to some embodiments of the present
disclosure, before forming the insulating layer on the base
substrate, the method further comprises:

[0049] forming a transparent etching barrier layer on the
base substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] In order to more clearly illustrate the technical
solutions in the embodiments of the present disclosure or in
the related art, the accompanying drawings to be used in the
description of the embodiments of the present disclosure or
in the related art will be briefly described below. It is obvious
that the drawings in the following description only reflect
some embodiments of the present disclosure, and other
drawings may also be obtained by those skilled in the art
based on these drawings without any creative efforts.
[0051] FIG. 11is a schematic structural view of a sub-pixel
in an array substrate in the related art;

[0052] FIG. 2 is a schematic structural view of a sub-pixel
in an array substrate according to an embodiment of the
present disclosure;

[0053] FIG. 3 is a schematic view showing a structure
comparison between a sub-pixel in an array substrate
according to an embodiment of the present disclosure and a
sub-pixel in an array substrate in the related art;

[0054] FIG. 4 is a schematic view showing a process for
manufacturing an array substrate according to an embodi-
ment of the present disclosure; and

[0055] FIG. 5 is a flow chart of a process for manufac-
turing an array substrate according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0056] The technical solutions in the embodiments of the
present disclosure will be clearly and completely described
below with reference to the accompanying drawings in the
embodiments of the present disclosure. It is obvious that the
described embodiments represent a part of the present
disclosure, but not all of the embodiments. All other embodi-
ments obtained by those skilled in the art based on the
embodiments of the present disclosure without any creative
efforts fall within the scope of the present disclosure.
[0057] In the description of the present disclosure, it is to
be understood that the terms “center”, “upper”, “lower”,
“front”, “rear”, “left”, “right”, “vertical”, “horizontal”,
“top”, “bottom”, “inner”, “outer” and the like, which indi-
cate orientation or positional relationships, are understood
based on the orientation or positional relationships shown in
the drawings, they are merely used for the convenience of
describing the present disclosure and simplifying the
description, rather than indicating or implying that the
device or component referred to must have a particular
orientation, and be constructed and operated in a particular
orientation, and therefore they should not be construed as
limiting the present disclosure.
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[0058] In the description of the present disclosure, it
should be noted that the terms “install”, “couple”, and
“connect” should be understood broadly, and may for
example refer to a fixed connection, or a detachable con-
nection, or an integral connection, unless otherwise explic-
itly specified and defined. The specific meanings of the
above terms in the present disclosure should be understood
by those skilled in the art according to the specific condi-
tions.

[0059] The terms “first” and “second” are only used for
the purpose of description and should not be construed as
indicating or implying a relative importance or implicitly
indicating the number of technical features referred to. Thus,
the feature defined by “first” or “second” may include one or
more said features either explicitly or implicitly. In the
description of the present disclosure, the expression “a
plurality of” means two or more unless otherwise stated.
[0060] An array substrate of an OLED according to the
related art is shown in FIG. 1, it includes a plurality of
pixels, and each of the pixels includes a plurality of sub-
pixels. For each sub-pixel, it includes a base substrate 01, an
insulating layer 02, a color filter layer 03, a planarization
layer 04, and an organic light emitting unit 05 arranged in a
thickness direction of the array substrate perpendicular to
the array substrate.

[0061] For the array substrate in the related art, in opera-
tion, the light emitted by an organic light emitting unit 05
needs to pass through the planarization layer 04, the color
filter layer 03, the insulating layer 02 (for example, a
passivation layer 023, a interlayer dielectric layer 022 and a
buffer layer 021 shown in FIG. 1) and other film layers. The
brightness of the light emitted by the organic light emitting
unit 05 is attenuated due to the absorption of the light
emitted by the organic light emitting unit 05 by the various
film layers, thus it is unfavorable for improving the display
brightness of the OLED.

[0062] The embodiments ofthe present disclosure provide
an array substrate, a method for manufacturing the same, a
display panel, and a display device for solving the problem
that the brightness of the light emitted by the organic light
emitting unit in the array substrate in the related art is greatly
attenuated.

[0063] In a first aspect, an embodiment of the present
disclosure provides an array substrate including a plurality
of pixels, and each of the pixels includes a plurality of
sub-pixels. For each sub-pixel, as shown in FIG. 2, it
includes a base substrate 1, an insulating layer 2, a color
filter layer 3, a planarization layer 4, and an organic light
emitting unit 5. The insulating layer 2 covers the base
substrate 1, the insulating layer 2 is provided with a first
opening 20, at least a portion of the color filter layer 3 (CF
layer) is filled in the first opening 20, the planarization layer
4 covers the insulating layer 2 and a surface of the color filter
layer 3, and the organic light emitting unit 5 is disposed on
the planarization layer 4.

[0064] The color filter layer 3 may be partially located in
the first opening 20 (for example as shown in FIG. 2), or may
be completely located in the first opening 20. It will not be
specifically limited herein.

[0065] In the array substrate provided by the embodiments
of the present disclosure as shown in FIG. 2 and FIG. 3,
since the insulating layer 2 is provided with a first opening
20, and at least a portion of the color filter layer 3 is filled
in the first opening 20, a height difference between the color
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filter layer 3 and the base substrate 1 is reduced in case
where the thickness of the color filter layer 3 is constant, and
at least a portion of the color filter layer 3 is overlapped with
the insulating layer 2, thereby greatly reducing the height of
the color filter layer 3 protruding from the insulating layer 2.
In this case, it is unnecessary to make the planarization layer
4 too thick, to cover the surface of the color filter layer 3
protruding from the surface of the insulating layer 2, thus the
thickness of the planarization layerd can be greatly reduced.
The reduction of the thickness of the planarization layer 4
can effectively shorten the light exit path of the light emitted
from the organic light emitting unit 5, and reduce the
absorption of the light emitted by the organic light emitting
unit 5 by respective film layers, thereby facilitating the
improvement of the highest brightness of the light emitted
by the organic light emitting unit 5, and further facilitating
the improvement of the contrast ratio of the display device
and allowing the user to obtain a better visual experience.

[0066] In the above embodiments, the forms of the first
opening 20 are various. For example, the first opening 20
may extend through the insulating layer 2, as shown in FIG.
2, the insulating layer 2 includes a buffer layer 21 covering
the base substrate 1, an interlayer dielectric layer 22 (ILD)
covering the buffer layer 21, and a passivation layer 23
(PVX) covering the interlayer dielectric layer 22, and the
first opening 20 extends through the buffer layer 21, the
interlayer dielectric layer 22 and the passivation layer 23.
Alternatively, the first opening 20 may not extend through
the whole insulating layer 2, for example, the first opening
20 may extend through the interlayer dielectric layer 22 and
the passivation layer 23. Compared with the arrangement
that the first opening does not extend through the insulating
layer 2, the arrangement that the first opening 20 extends
through the insulating layer 2 has the following advantages:
(1) in case where the thickness of the color filter layer 3 is
constant, the arrangement that the first opening extends
through the insulating layer 2 can further reduce the height
difference between the color filter layer 3 and the base
substrates 1, further reduce the height of the color filter layer
3 protruding from the insulating layer 2, and thus further
reduce the thickness of the planarization layer 4, shorten the
light exit path of the light emitted from the organic light
emitting unit 5, thereby facilitating the further improvement
of the highest brightness of the light emitted from the
organic light emitting unit 5; (2) it reduces the number of
insulating sub-layers through which the light emitted by an
organic light emitting layer 53 passes, for example the light
emitted by the organic light emitting layer 53 shown in FIG.
2 just needs to pass through the planarization layer 4 and the
color filter layer 3, thus it avoids the light emitted from the
organic light emitting layer 53 from being absorbed,
refracted when the light passes through different insulating
sub-layers (for example, the interlayer dielectric layer 22,
the buffer layer 21, the passivation layer 23), thereby the
brightness of the light emitted from the organic light emit-
ting unit 5 can be increased.

[0067] In order to avoid the base substrate 1 from being
etched when the first opening 20 is formed, as shown in FIG.
2, the sub-pixel further includes a transparent etching barrier
layer 6 located between the color filter layer 3 and the base
substrate 1. In this way, when the first opening 20 is formed
by etching (for example, a dry etching process) the insulat-
ing layer 2, the transparent etching barrier layer 6 can protect
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the base substrate 1 covered thereby to avoid the base
substrate 1 from being etched.

[0068] The transparent etching barrier layer 6 may be an
ITO layer. The first opening 20 is generally formed by dry
etching. Since the ITO layer is not affected by the dry
etching, the ITO layer can serve as blocking the base
substrate 1 from being etched. In order to reduce the
absorption of the light emitted from the organic light emit-
ting layer 53, the thickness of the ITO layer could be made
as small as possible while satisfying the etching barrier
function.

[0069] As shown in FIG. 2, the sub-pixel further includes
a light shielding layer 7 (SH layer) covering the base
substrate 1, a buffer layer 21 covering the base substrate 1
and a surface of the light shielding layer 7, and a top gate
thin film transistor 9 disposed on the buffer layer 21. The top
gate thin film transistor 9 includes a gate electrode 91, a
source electrode 92 and a drain electrode 93.

[0070] The sub-pixel further includes a pixel capacitor 8
including a first electrically conductive layer 81 and a
second electrically conductive layer 82. The first electrically
conductive layer 81 and the second electrically conductive
layer 82 may be arranged in various forms, for example, they
may be arranged in the following manner: as shown in FIG.
2, the first electrically conductive layer 81 covers the base
substrate 1 and is located in the buffer layer 21, the first
electrically conductive layer 81 is electrically connected to
the drain electrode 93 through a first via hole 83, and first
electrically conductive layers 81 of two adjacent sub-pixels
are insulated from each other; the second electrically con-
ductive layer 82 and the drain electrode 93 cover the same
insulating layer (for example, the interlayer dielectric layer
22 shown in FIG. 2), and the second electrically conductive
layer 82 is electrically connected to the gate electrode 91 of
the top gate thin film transistor 9. Alternatively, they may be
arranged in the following manner: an electrically conducted
region of an active layer 94 is used as the first electrically
conductive layer 81, the second electrically conductive layer
82 and the drain electrode 93 covers the same insulating
layer 2, and the second electrically conductive layer 82 is
electrically connected to the gate electrode 91 of the top gate
thin film transistor 9. Compared to the embodiment in which
the electrically conducted region of the active layer 94 is
used as the first electrically conductive layer 81, the embodi-
ment shown in FIG. 2 has the following advantages: (1) It
is not necessary to use the electrically conducted region of
the active layer 94 as an electrode plate (Vs) of the pixel
capacitor 8 and signal wires, thereby reducing the difficulty
of electrically conducting the active layer 94; (2) It prevents
the problem that a parasitic resistance of the first electrically
conductive layer 81 is large due to incomplete electrical
conducting of the active layer 94, thereby the performance
of storing charges of the pixel capacitor 8 may be improved,
(3) The area of the electrically conducted region of the active
layer 94 is reduced, so that it is not necessary to make a
large-area light shielding layer 7 on the base substrate 1 to
shield the active layer 94 from light, the light shielding can
be realized by using the light shielding layer 7 of a smaller
area, so that the light shielding layer 7 of a smaller area can
reduce the affection of the temperature rise of the light
shielding layer 7 on the active layer 94 in subsequent high
temperature processes (e.g., an annealing process of the
active layer 94), that is, avoiding the thin film transistor from
being unable to be turned off due to over-annealing of the
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active layer 94; at the same time, the light shielding layer 7
of a smaller area may also reduce the reflection of the light
emitted from the organic light emitting layer 53 to the active
layer 94, thereby reducing any adverse affection on the
characteristics of thin film transistors.

[0071] The positional relationship between the light
shielding layer 7 and the first electrically conductive layer
81 may vary. For example, as shown in FIG. 2, the light
shielding layer 7 may cover the first electrically conductive
layer 81 from above and be electrically connected to the first
electrically conductive layer 81, and the light shielding layer
7 is electrically connected to the drain electrode 93 through
the first via hole 83. Alternatively, the first electrically
conductive layer 81 may also cover the light shielding layer
7 from above and be electrically connected to the light
shielding layer 7, and the first electrically conductive layer
81 is directly electrically connected to the drain electrode 93
through the first via hole 83. Compared with the embodi-
ment in which the first electrically conductive layer 81
covers the light shielding layer 7 from above, the embodi-
ment in which the light shielding layer 7 covers the first
electrically conductive layer 81 from above can prevent the
light shielding layer 7 from contacting the base substrate 1,
and solve the problem that the light shielding layer 7 and the
base substrate 1 have poor adhesion and optional materials
thereof are limited (this is because the light shielding layer
7 is generally made of metal, the base substrate 1 is generally
made of glass, and the adhesion between the metal layer and
the glass substrate is relatively poor), thereby the range of
optional materials of the light shielding layer 7 can be
greatly extended, and the tolerance of the process can be
broadened.

[0072] In the pixel capacitor 8, the first electrically con-
ductive layer 81 may be an ITO layer. Thus, in the case
where the transparent etching barrier layer 6 is an ITO layer,
the first electrically conductive layer 81 and the transparent
etch barrier layer 6 may be integrally formed by one process.
This can simplify the production process and reduce the
production cost.

[0073] As shown in FIG. 2, the top gate thin film transistor
9 includes an active layer 94 covering the buffer layer 21, a
gate insulating layer 95 covering the active layer 94, a gate
electrode 91 covering the gate insulating layer 95, an intet-
layer dielectric layer 22 covering the surfaces of the active
layer 94, the gate insulating layer 95 and the gate electrode
91, and a source electrode 92 and a drain electrode 93 both
covering the interlayer dielectric layer 22.

[0074] As shown in FIG. 2, the sub-pixel further includes
a passivation layer 23 covering the surfaces of the source
electrode 92, the drain electrode 93, and the second electri-
cally conductive layer 82. The insulating layer 2 includes the
buffer layer 21 and the passivation layer 23, and the pla-
narization layer 4 covers the passivation layer 23.

[0075] As shown in FIG. 2, the organic light emitting unit
5 includes a transparent electrode 51, at least a portion of
which covers the planarization layer 4, and the transparent
electrode 51 is electrically connected to the first electrically
conductive layer 81 through a second via hole 84. The
transparent electrode 51 includes a first region 511, and an
orthographic projection of the first region 511 on the base
substrate 1 and an orthographic projection of the second
electrically conductive layer 82 on the base substrate 1 at
least partially overlap with each other. Since the transparent
electrode 51 is electrically connected to the first electrically
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conductive layer 81 through the second via hole 84, an
electrical signal outputted from the drain electrode 93 of the
thin film transistor can be transmitted to the transparent
electrode 51 through the first via hole 83, the first electrically
conductive layer 81 and the second via hole 84, so as to drive
the organic light emitting layer 53 to emit light. Since the
orthographic projection of the first region 511 on the base
substrate 1 and the orthographic projection of the second
electrically conductive layer 82 on the base substrate 1 at
least partially overlap with each other, a capacitor is formed
between the first region 511 of the transparent electrode
51and the second electrically conductive layer 82, thereby
increasing a charge storage capability of the pixel capacitor
8, ensuring that the voltage on the transparent electrode 51
is more stable during the operation of the array substrate,
and ensuring the display quality of the display device.
[0076] Of course, in addition to the transparent electrode
51 being electrically connected to the first electrically con-
ductive layer 81 through the second via hole 84 to achieve
the electrical connection of the transparent electrode 51 with
the drain electrode 93, the transparent electrode 51 may also
be directly electrically connected to the drain electrode 93
through the second via hole 84.

[0077] The arrangement mode of the first region 511 of the
transparent electrode 51 may vary. For example, the follow-
ing arrangement mode may be adopted: as shown in FIG. 2,
the planarization layer 4 is provided with a second opening
41 extending through the planarization layer 4, the first
region 511 covers the passivation layer 23 and is located
within the second opening 41. Alternatively, the following
arrangement mode may be adopted: there is no second
opening 41 formed in the planarization layer 4, and the first
region 511 covers the planarization layer 4 from above.
Compared with the embodiment in which the first region 511
covers the planarization layer 4 from above, the embodiment
in which the first region 511 covers the passivation layer 23
from above and is located within the second opening 41
allows the distance between the first region 511 and the
second electrically conductive layer82 to be reduced, so that
the capacitance between the first region 511 and the second
electrically conductive layer 82 may be increased, to further
increase the capacitance of the pixel capacitor 8, thereby
further increasing the charge storage capability of the pixel
capacitor 8, and ensuring that the voltage on the transparent
electrode 51 is more stable during the operation of the array
substrate.

[0078] For the array substrate provided by the embodi-
ments of the present disclosure, the thin film transistor may
be a bottom gate structure in addition to the top gate
structure, which is not specifically limited herein. The thin
film transistor may be an amorphous silicon thin film
transistor, an oxide thin film transistor, a low temperature
polysilicon thin film transistor or the like, which is not
specifically limited herein. Herein, the thin film transistor of
a bottom gate structure may be of a back channel type, an
etching barrier type, a coplanar type or the like.

[0079] In the array substrate provided by the embodiments
of the present disclosure, the material of the active layer 94
of the thin film transistor includes any one of a-1GZO,
ZnON, IZTO, a-Si, p-Si, sexithiophene, or polythiophene;
the materials of the electrodes and the lines may be com-
monly used metal materials, such as Ag, Cu, Al, Mo, etc., or
multilayer of metals, such as MoNb/Cu/MoNDb, etc., or alloy
materials of the above metals, such as AINd, MoNb, etc., a
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stacked structure of metal and transparent conductive oxide
(such as ITO, AZO, etc.), for example, Mo/AINd/ITO,
ITO/Ag/ITO, etc.

[0080] Inthe array substrate provided by the embodiments
of the present disclosure, the insulating layer, such as the
gate insulating layer 95, the interlayer dielectric layer 22, the
passivation layer 23, the buffer layer 21, and the planar layer
4, may be made of the conventional dielectric material, such
as SiOx, SiNx, SiON, etc., or various new organic insulating
materials, or a high dielectric constant (High k) material,
such as AlOx, HfOx, TaOx, etc. The organic insulating
dielectric material of the planarization layer 4 may be
polysiloxane, acrylic, polyimide or the like.

[0081] In a second aspect, an embodiment of the present
disclosure provides a display panel including the array
substrate described in the first aspect.

[0082] The display panel may be applied to a bottom-
emitting OLED display panel manufactured based on an
oxide technology, a silicon technology, or an organic tech-
nology.

[0083] The display panel provided by the embodiments of
the present disclosure solves the same technical problem and
achieves the same technical effect as the array substrate
described in the first aspect, because the array substrate
included in the display panel is the same as the array
substrate described in the first aspect.

[0084] Other structures in the display panel are well
known to those skilled in the art and will not be described
herein.

[0085] In a third aspect, an embodiment of the present
disclosure provides a display device including the display
panel described in the second aspect.

[0086] The display device provided by the embodiments
of the present disclosure solves the same technical problem
and achieves the same technical effect as the array substrate
described in the first aspect.

[0087] Other structures in the display device are well
known to those skilled in the art and will not be described
herein.

[0088] In a fourth aspect, an embodiment of the present
disclosure provides a method for manufacturing an array
substrate, including the following steps:

[0089] Step S1: providing a base substrate 1, as shown in
FIG. 4(a).
[0090] The base substrate 1 may be cleaned before the

insulating layer 2 is formed on the base substrate 1, to
remove solid particles on the base substrate 1, so as to avoid
adverse effects on the subsequent processes; the base sub-
strate 1 may be a glass substrate, a sapphire substrate, a
silicon substrate, or the like.

[0091] Step S2: forming an insulating layer 2 on the base
substrate 1.
[0092] As shown in FIG. 2, the insulating layer 2 includes

a buffer layer 21, an interlayer dielectric layer 22, and a
passivation layer 23. As shown in FIGS. 4(c) and 4(d), the
formation process of the insulating layer 2 may refer to:
forming the buffer layer 21 on the base substrate 1; forming
the interlayer dielectric layer 22 on the buffer layer 21,
forming the passivation layer 23 on the interlayer dielectric
layer 22.

[0093] The insulating layer 2 may be directly formed on
the base substrate 1, as shown in FIG. 4(d), or a transparent
etching barrier layer 6 (for example, an ITO layer) may be
first formed on the base substrate 1, and then the insulating
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layer 2 is formed on the transparent etching barrier layer 6,
so that the base substrate 1 is avoided from being etched
when the first opening 20 is formed.

[0094] Step S3: forming a first opening 20 in the insulating
layer 2.
[0095] When the insulating layer 2 includes a plurality of

insulating sub-layers, for example, the insulating layer 2
includes a buffer layer 21, an interlayer dielectric layer 22
and a passivation layer 23, the first opening 20 may be
formed by one-time etching after the plurality of insulating
sub-layers are formed, or the first opening 20 may be formed
by forming sub-openings in respective insulating sub-layers,
i.e., a sub-opening is formed in each insulating sub-layer
once this sub-insulating layer is formed, and then the sub-
openings of the plurality of sub-insulating layers are com-
bined to form the first opening 20; for example, as shown in
FIGS. 4(c) and 4(d), the first opening 20 may be formed by:
forming a buffer layer 21 on the base substrate 1 and forming
a first sub-opening 201 in the buffer layer 21; forming an
interlayer dielectric layer 22 on the buffer layer 21 and
forming a second sub-opening 202 in the interlayer dielec-
tric layer 22; forming a passivation layer 23 on the interlayer
dielectric layer 22 and forming a third sub-opening 203 in
the passivation layer 23; combining the sub-opening 201,
the second sub-opening 202, and the third sub-opening 203
to form the first opening 20.

[0096] Step S4: forming a color filter layer 3 such that at
least a portion of the color filter layer 3 is filled in the first
opening 20.

[0097] The color filter layer 3 includes color filter sub-
layers of different colors, including three colors of R, G and
B, and at least a portion of the color filter sub-layer portion
of each color is disposed in the first opening 20 of a
corresponding one of the three sub-pixels.

[0098] Step S5: forming a planarization layer 4 on the
insulating layer 2 to cover a surface of the color filter layer
3.

[0099] Step S6: forming an organic light emitting unit 5 on
the planarization layer 4, as shown in FIG. 4(e).

[0100] As shown in FIG. 4(e), the organic light emitting
unit 5 includes a transparent electrode 51 (anode), a cathode
52, and an organic light emitting layer 53 located therebe-
tween. In each of the sub-pixels, an orthographic projection
of the organic light emitting layer 53 of the organic light
emitting unit 5 on the base substrate 1 overlaps with an
orthographic projection of the first opening 20 on the base
substrate 1.

[0101] The method for manufacturing the array substrate
provided by the embodiments of the present disclosure can
solve the same technical problem and achieve the same
technical effect as the array substrate described in the first
aspect, which will not be repeatedly described herein.
[0102] In the above method for manufacturing the array
substrate, the manufacturing process of the thin film tran-
sistor is an important component of the method. Hereinafter,
the oxide thin film transistor is taken as an example to
illustrate the manufacturing process of the thin film transis-
tor and the insulating layer 2:

[0103] Step S21: applying a conductive film on the base
substrate 1 and patterning the conductive film to form first
electrically conductive layers 81.

[0104] The first electrically conductive layers 81 located
in two adjacent sub-pixel regions are spaced apart from each
other, so that the first electrically conductive layer can
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transmit the electrical signal outputted by the drain electrode
93 of the thin film transistor in each sub-pixel to the
transparent electrode 51 of the organic light emitting unit 5.
[0105] The conductive film may be applied on the base
substrate 1 by a sputtering process, and the material of the
conductive film may be a transparent conductive oxide, such
as an ITO film, an AZO film or the like.

[0106] The patterning of the conductive film is completed
by a photolithography process;

[0107] Step S22: applying a light shielding film on the
base substrate 1 and patterning the light shielding film to
form a light shielding layer 7, as shown in FIGS. 4(a) and
4(b).

[0108] The light shielding layer 7 is mainly used for
shielding the active layer 94 to prevent the external light
from being irradiated onto the active layer 94, otherwise the
irradiation of the external light to the active layer would
cause the active layer 94 to generate photo-generated car-
riers, thereby affecting the performance of the thin film
transistor. The light shielding layer 7 may be made of a
light-transmissive metal or a metal alloy;

[0109] The first electrically conductive layer 81 may be
first formed on the base substrate 1, and then the light
shielding layer 7 is formed, wherein the light shielding layer
7 covers the first electrically conductive layer 81 from above
(as shown in FIG. 4(b)); or alternatively, the light shielding
layer 7 may be first formed on the base substrate 1, and then
the first electrically conductive layer 81 is formed, wherein
the first electrically conductive layer 81 covers the light
shielding layer 7 from above.

[0110] Step S23: forming a buffer layer 21 on the base
substrate 1 to cover surfaces of the first electrically conduc-
tive layer 81 and the light shielding layer 7, as shown in FIG.
4(c).

[0111] The buffer layer 21 may be of a SiO, single layer
structure or a SiNx/Si0, double-layer structure, which is not
specifically limited herein.

[0112] The buffer layer 21 serves as blocking impurities in
the base substrate 1 from diffusing into the active layer 94
to avoid affecting the electrical performance of the thin film
transistor; the buffer layer 21 may be formed on the base
substrate 1 by PECVD (Plasma Enhanced Chemical Vapor
Deposition).

[0113] Step S24: forming a top gate thin film transistor 9
on the buffer layer 21, as shown in FIGS. 4(c) and 4(d),
wherein the top gate thin film transistor 9 includes a source
electrode 92 and a drain electrode 93, and the drain electrode
93 is electrically connected to the first electrically conduc-
tive layer 81 through the first via hole 83.

[0114] In the step S24, the top gate thin film transistor 9
may be specifically formed by the following steps, as shown
in FIG. 4(d):

[0115] Step S241: forming an active layer 94 on the buffer
layer 21;

[0116] Step S242: forming a gate insulating layer 95 on
the active layer 94, and forming a gate electrode 91 on the
gate insulating layer 95;

[0117] In an example, the gate insulating layer 95 and the
gate electrode 91 may be formed by a self-aligned process;
[0118] Step S243: removing portions of the gate insulating
layer 95 and the gate electrode 91 covering regions of the
active layer 94 located at two sides of the channel region,
wherein the gate insulating layer 95 may be removed by a
dry etching process;
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[0119] Step S244: processing the regions of the active
layer 94 located at two sides of the channel region by an
electrical conducting process to form a first electrically
conducted region 941 and a second electrically conducted
region 942, wherein the electrical conducting process may
be performed by dry-etching plasma to process the regions
located at two sides of the channel region;

[0120] Step S245: forming an interlayer dielectric layer 22
to cover the active layer 94, the gate insulating layer 95 and
the gate electrode 91;

[0121] Step S246: forming a first via hole 83, a third via
96 and a fourth via 97 in the interlayer dielectric layer 22;
forming a source electrode 92 and a drain electrode 93 on the
interlayer dielectric layer 22, such that the source electrode
92 is electrically connected to the first electrically conducted
region 941 through the third via hole 96, the drain electrode
93 is electrically connected to the second electrically con-
ducted region 942 through the fourth via hole 97, and the
drain electrode 93 is electrically connected to the first
electrically conductive layer 81 through the first via hole 83.

[0122] Step S25: forming a second electrically conductive
layer 82 on the interlayer dielectric layer 22 covered by the
source electrode 92 and the drain electrode 93, so that the
second electrically conductive layer 82 and the first electri-
cally conductive layer 81 form a pixel capacitor 8 therebe-
tween, as shown in FIG. 4(d).

[0123] The second electrically conductive layer 82 may be
formed simultaneously with the source electrode 92 and the
drain electrode 93, that is, the interlayer dielectric layer 22
is covered by a source/drain metal layer, and then the source
electrode 92, the drain electrode 93, and the second electri-
cally conductive layer 82 are formed by a patterning process.

[0124] Step S26: forming a passivation layer 23 on the
interlayer dielectric layer 22 to cover surfaces of the source
electrode 92, the drain electrode 93 and the second electri-
cally conductive layer 82, as shown in FIG. 4(d).

[0125] Inthe method for manufacturing the array substrate
provided by the embodiments of the present disclosure, the
forming the organic light emitting unit 5 on the planarization
layer 4 specifically includes the following steps:

[0126] Step S61: forming a second via hole 84 which
extends through the planarization layer 4, the passivation
layer 23 and the interlayer dielectric layer 22, and is in
communication with the first electrically conductive layer
81, as shown in FIGS. 4(c) and 4(d).

[0127] The second via hole 84 may be formed by one-time
etching after the buffer layer 21, the planarization layer 4,
the passivation layer 23, and the interlayer dielectric layer 22
are formed; as shown in FIGS. 4(c) and 4(d), it may also be
formed by the following processes: forming the buffer layer
21 on the base substrate 1 and forming a first sub-via hole
841 in the buffer layer 21, the first sub-via hole 841 being
communicated with the first electrically conductive layer 81;
forming the interlayer dielectric layer 22 on the buffer layer
21 and forming a second sub-via hole 842 in the interlayer
dielectric layer 22; forming the passivation layer 23 on the
interlayer dielectric layer 22 and forming a third sub-via
hole 843 in the passivation layer 23; forming a planarization
layer 4 on the passivation layer 23 and forming a fourth
sub-via hole 844 in the planarization layer 4; combining the
first sub-via hole 841, the second sub-via hole 842, the third
sub-via hole 843 and the fourth sub-via hole 844 to form the
second via hole 84.
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[0128] Step S62: forming a transparent electrode 51, at
least a portion of which is located on the planarization layer
4, such that the transparent electrode 51 is electrically
connected to the first electrically conductive layer 81
through the second via hole 84, and an orthographic pro-
jection of the first region 511 of the transparent electrode 51
on the base substrate 1 at least partially overlaps with an
orthographic projection of the second electrically conduc-
tive layer 82 on the base substrate 1, as shown in FIG. 4(e).
[0129] The transparent electrode 51 may be made of a
transparent conductive oxide such as ITO, AZO or the like.
[0130] The forming the transparent electrode 51 in the step
S62 specifically includes the following steps:

[0131] Step S621: forming a second opening 41, which
extends through the planarization layer 4, in the planariza-
tion layer 4, as shown in FIG. 4(d);

[0132] The second opening 41 may be spaced apart from
the second via hole 84; as shown in FIG. 4(e), it may
partially overlap with the second via hole 84.

[0133] Step S622: forming the transparent electrode 51
such that the first region 511 covers the passivation layer 23
and is located within the second opening 41, as shown in
FIG. 4(e).

[0134] The forming the organic light emitting unit 5 on the
planarization layer 4 further includes the following steps, as
shown in FIG. 4(e):

[0135] forming a pixel defining layer 54 on the transparent
electrode 51 to form an opening defining a light emitting
region; and

[0136] forming the organic light emitting layer 53 in the
opening of the pixel defining layer 54.

[0137] The organic light emitting layer 53 may be formed
by an evaporation process or may be formed by an inkjet
printing process, which is not specifically limited herein.
[0138] For the features in the embodiments of the method
for manufacturing the array substrate, which are the same as
or similar to those of the above-mentioned embodiments of
the array substrate, references may be made to the descrip-
tion of the above-mentioned embodiments of the array
substrate, and therefore they will not be described herein
again.

[0139] In the array substrate, the method for manufactur-
ing the same, the display panel and the display device
provided by the embodiments of the present disclosure,
since the insulating layer is provided with a first opening,
and at least a portion of the color filter layer is filled in the
first opening, a height difference between the color filter
layer and the base substrate is reduced in case where the
thickness of the color filter layer is constant, and at least a
portion of the color filter layer is overlapped with the
insulating layer, thereby greatly reducing the height the
portion of the color filter layer protruding from the insulat-
ing layer. In this case, it is unnecessary to make the pla-
narization layer too thick, to cover the surface of the color
filter layer protruding from the surface of the insulating
layer, thus the thickness of the planarization layer can be
greatly reduced. The reduction of the thickness of the
planarization layer can effectively shorten the light exit path
of the light emitted by the organic light emitting unit, and
reduce the absorption of the light emitted from the organic
light emitting unit by respective film layers, thereby facili-
tating the improvement of the highest brightness of the light
emitted by the organic light emitting unit, and further
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facilitating the improvement of the contrast ratio of the
display device and allowing the user to obtain a better visual
experience.

[0140] The above description only refers to the specific
embodiments of the present disclosure, but the scope of the
present disclosure is not limited thereto. Any changes or
substitutions that are easily obtained by those skilled in the
art within the technical scope of the present disclosure
should be covered within the scope of the present disclosure.
Therefore, the scope of the present disclosure should be
defined by the appending claims.

What is claimed is:

1. An array substrate comprising a plurality of pixels, each
of the pixels comprising a plurality of sub-pixels,

wherein each of the plurality of sub-pixels comprises a

base substrate, an insulating layer, a color filter layer, a
planarization layer, and an organic light emitting unit,
and

wherein the insulating layer covers the base substrate, the

insulating layer is provided with a first opening, at least
a portion of the color filter layer is filled in the first
opening, the planarization layer covers over the insu-
lating layer and a surface of the color filter layer, and
the organic light emitting unit is disposed on the
planarization layer.

2. The array substrate according to claim 1, wherein the
first opening extends through the insulating layer.

3. The array substrate according to claim 1, wherein the
first opening extends into the insulating layer but does not
extend through the insulating layer.

4. The array substrate according to claim 2, wherein each
of the plurality of sub-pixels further comprises a transparent
etching barrier layer between the color filter layer and the
base substrate.

5. The array substrate according to claim 1, wherein each
of the plurality of sub-pixels further comprises a light
shielding layer covering the base substrate, and a top gate
thin film transistor, the top gate thin film transistor compris-
ing a gate electrode, a source electrode, a drain electrode, an
active layer and a gate insulating layer.

6. The array substrate according to claim 5, wherein each
of the plurality of sub-pixels further comprises a pixel
capacitor, the pixel capacitor comprising a first electrically
conductive layer and a second electrically conductive layer;

wherein the first electrically conductive layer covers the

base substrate, the first electrically conductive layer is
electrically connected to the drain electrode, and first
electrically conductive layers of two adjacent ones of
the plurality of sub-pixels are insulated from each
other; and

wherein the second electrically conductive layer and the

drain electrode cover a same layer, and the second
electrically conductive layer is electrically connected to
the gate electrode.

7. The array substrate according to claim 6, wherein the
light shielding layer covers the first electrically conductive
layer and is electrically connected to the first electrically
conductive layer, and the light shielding layer is electrically
connected to the drain electrode.

8. The array substrate according to claim 6, wherein each
of the plurality of sub-pixels further comprises a passivation
layer covering surfaces of the source electrode, the drain
electrode and the second electrically conductive layer; and
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the insulating layer comprises a buffer layer and the
passivation layer, the buffer layer covering a surface of
the light shielding layer, the planarization covering the
passivation layer.

9. The array substrate according to claim 8, wherein the
organic light emitting unit comprises a transparent electrode,
at least a portion of the transparent electrode covering the
planarization layer, the transparent electrode being electri-
cally connected to the first electrically conductive layer, the
transparent electrode comprising a first region, and

wherein an orthographic projection of the first region on

the base substrate at least partially overlaps with an
orthographic projection of the second electrically con-
ductive layer on the base substrate.

10. The array substrate according to claim 9, wherein the
planarization layer is provided with a second opening
extending through the planarization layer, and the first
region covers the passivation layer and is located in the
second opening.

11. The array substrate according to claim 9, wherein the
organic light emitting unit further comprises an organic light
emitting layer disposed on the transparent electrode and an
electrode disposed on the organic light emitting layer.

12. The array substrate according to claim 1, wherein the
insulating layer comprises a buffer layer, an interlayer
dielectric layer covering the buffer layer, and a passivation
layer covering the interlayer dielectric layer, and

wherein a first sub-opening is provided in the buffer layer,

a second sub-opening is provided in the interlayer
dielectric layer, and a third sub-opening is provided in
the passivation layer.

13. A display panel, comprising the array substrate
according to claim 1.

14. A display device, comprising the display panel accord-
ing to claim 13.

15. A method for manufacturing an array substrate, com-
prising:

providing a base substrate;

forming an insulating layer on the base substrate;

forming a first opening in the insulating layer;

forming a color filter layer such that at least a portion of

the color filter layer is filled in the first opening;
forming a planarization layer on the insulating layer to
cover a surface of the color filter layer; and

forming an organic light emitting unit on the planarization

layer.

16. The method according to claim 15, wherein before
forming the insulating laver on the base substrate, the
method further comprises:

applying a conductive film on the base substrate and

patterning the conductive film to form first electrically
conductive layers, wherein the first electrically conduc-
tive layers located in two adjacent sub-pixel regions are
spaced apart from each other; and

applying a light shielding film on the base substrate and

patterning the light shielding film to form a light
shielding layer.

17. The method according to claim 16, wherein the
forming an insulating layer on the base substrate comprises:

forming a buffer layer on the base substrate to cover

surfaces of the first electrically conductive layer and the
light shielding layer;

forming a top gate thin film transistor on the buffer layer,

wherein the top gate thin film transistor comprises a
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gate electrode, a source electrode, a drain electrode, an
active layer and a gate insulating layer, the drain
electrode being electrically connected to the first elec-
trically conductive layer through a first via hole;
forming a second electrically conductive layer over the
interlayer dielectric layer covered by the source elec-
trode and the drain electrode, so that the second elec-
trically conductive layer and the first electrically con-
ductive layer form a pixel capacitor therebetween; and
forming a passivation layer on the interlayer dielectric
layer to cover surfaces of the source electrode, the drain
electrode, and the second electrically conductive layer,
wherein the insulating layer comprises the buffer layer,
the interlayer dielectric layer, and the passivation layer.
18. The method according to claim 17, wherein the
forming an organic light emitting unit on the planarization
layer comprises:
forming a second via hole, which extends through the
planarization layer, the passivation layer and the inter-
layer dielectric layer, and is in communication with the
first electrically conductive layer;
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forming a transparent electrode, at least a portion of which
is located on the planarization layer, such that the
transparent electrode is electrically connected to the
first electrically conductive layer through the second
via hole, and an orthographic projection of a first region
of the transparent electrode on the base substrate at
least partially overlaps with an orthographic projection
of the second electrically conductive layer on the base
substrate.
19. The method according to claim 18, wherein the
forming the transparent electrode comprises:
forming a second opening, which extends through the
planarization layer, in the planarization layer; and

forming the transparent electrode such that the first region
covers the passivation layer and is located within the
second opening.

20. The method according to claim 15, wherein before
forming the insulating laver on the base substrate, the
method further comprises:

forming a transparent etching barrier layer on the base

substrate.
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