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(57) Abstract: An organic light-emitting diode (OLED) substrate includes: a base substrate including a display region having a plurality
of luminous regions and a non-luminous region separating one or more adjacent luminous regions, the non-luminous region including
a plurality of first connection regions; a first electrode layer over the base substrate including a plurality of first electrodes having
their projections on the base substrate cover the plurality of luminous regions; a pixel defining layer over the first electrode layer
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over the electroluminescent functional layer; and a plurality of conductive structures located at the plurality of first connection regions
respectively, and electrically coupled to the second electrode layer.



WO 2020/124940 PCT/CN2019/086666

OLED SUBSTRATE AND OLED DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED APPLICATION

[001] The present application claims priority to Chinese Patent Application
No. 201811543965.X filed on December 17, 2018, the disclosure of

which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[002] The present disclosure relates generally to a field of display
technologies, and specifically to an OLED substrate and an OLED display

apparatus.

BACKGROUND

[003] OLED (organic light-emitting diode) display devices have advantages
such as self-luminosity, fast response speed, high brightness level, full
viewing-angle and flexibility. As such, OLED display technologies
have become a promising prospect for next-generation technologies, and

have also become competitive in various present display products.

[004] Presently, there are two types of OLED display devices:
bottom-emitting structure and top-emitting structure. It may be difficult
to realize high-definition display in bottom-emitting OLED display
devices because the aperture ratio of bottom-emitting OLED display

devices is relatively small.

[005] On the other hand, top-emitting OLED display devices are more
advantageous for realizing high-definition display because the aperture
ratio of top-emitting OLED display devices is relatively large. As such,
at present, top-emitting OLED display devices have attracted more

attention.
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SUMMARY

[006] In a first aspect, an organic light-emitting diode (OLED) substrate is

provided, including:

[007] a base substrate, including a display region, the display region being
divided into a plurality of luminous regions and a non-luminous region
separating one or more adjacent luminous regions, the non-luminous

region including a plurality of first connection regions;

[008] a first electrode layer provided over the base substrate, wherein the
first electrode layer includes a plurality of first electrodes, the projection
of the plurality of the first electrodes on the base substrate covers the

plurality of luminous regions;

[009] a pixel defining layer provided on the first electrode layer, wherein the
pixel defining layer is located at the non-luminous region and defines the
plurality of luminous regions, the pixel defining layer is hollowed out at

the first connection regions;

[010] an electroluminescent functional layer provided on the pixel defining

layer;

[011] a second electrode layer provided on the electroluminescent functional

layer; and

[012] a plurality of conductive structures located at the plurality of first
connection regions respectively, wherein the plurality of conductive

structures are electrically coupled to the second electrode layer.

[013] In some embodiments, the electroluminescent functional layer is
disconnected from the first connection regions at an edge portion of the

first connection regions.

[014] In some embodiments, surfaces of the conductive structures that are

opposite from the base substrate are higher than a surface of the pixel
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defining layer that is opposite from the base substrate both with respect to

an upper surface the base substrate.

[015] In some embodiments, the conductive structures are located between

the electroluminescent functional layer and the second electrode layer.

[016] In some embodiments, the conductive structures are located at a side of
the second electrode layer that is opposite from the electroluminescent

functional layer.

[017] In some embodiments, the non-luminous region further comprises a
plurality of second connection regions, wherein at least one second

connection region is adjacent to at least one first connection region;
[018] wherein the OLED substrate further comprises:

[019] a plurality of elevating cushions provided at the second connection

regions; and

[020] a plurality of first auxiliary electrodes provided on the plurality of
clevating cushions, wherein at least one first auxiliary electrode covers
sides of an elevating cushion and a surface of an elevating cushion that is

opposite from the base substrate;

[021] wherein at least one conductive structure is in contact with the portion
of the first auxiliary electrode located at the sides of the elevating

cushions.

[022] In some embodiments, the pixel defining layer is hollowed out at the
second connection regions, and wherein the first auxiliary electrodes and
the first electrode layer are located at a same layer and made of a same

material.

[023] In some embodiments, the OLED substrate further includes a plurality
of thin film transistors and a planarization layer configured between each
of the thin film transistors and the first electrode layer, wherein each thin
film transistor includes a source electrode, a drain electrode, an active
layer, a gate electrode and a gate insulating layer, the drain electrode

being clectrically connected to a first electrode.
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[024] In some embodiments, each elevating cushion comprises at least one of
a first elevating sub-layer, a second elevating sub-layer, a third elevating
sub-layer, a fourth elevating sub-layer, and a fifth elevating sub-layer

being arranged in a stacked configuration;

[025] the first elevating sub-layer and the active layer are located at a same

layer and made of a same material;

[026] a portion of the gate insulating layer that is located at a second

connection region forms a second elevating sub-layer;

[027] the third elevating sub-layer and the gate electrodes are located at a

same layer and made of a same material;

[028] the fourth elevating sub-layer, the source eclectrodes and the drain

clectrodes are located at a same layer and made of the same material; and

[029] the fifth elevating sub-layer and the planarization layer are located at a

same layer and made of a same material.

[030] In some embodiments, a side portion of a fifth elevating sub-layer is
connected to a surface of the fifth elevating sub-layer that is close to the

second clectrode layer by means of an arc segment.
[031] In some embodiments, each of the thin film transistors further includes:

[032] an interlayer dielectric layer being hollowed out at the first connection

regions;

[033] wherein portion of the interlayer dielectric layer located at the second

connection region forms a sixth elevating sub-layer.

[034] In some embodiments, a side portion of the sixth elevating sub-layer is
provided as an inclined plane, wherein a surface area of a sixth elevating
sub-layer that is close to the second clectrode layer is larger than an
alternative surface arca of a sixth elevating sub-layer that is opposite

from the second electrode layer.

[035] In some cmbodiments, the OLED substrate further includes a
passivation layer provided between the thin film transistors and the

planarization layer, wherein a portion of the passivation layer located at a



WO 2020/124940 PCT/CN2019/086666

second connection region forms a seventh elevating sub-layer of the

clevating layer.

[036] In some embodiments, a side portion of the seventh elevating sub-layer
is provided as an inclined plane, the surface arca of a seventh elevating
sub-layer that is close to the second clectrode layer is larger than the
surface areas of a seventh elevating sub-layer that is opposite from the

second clectrode layer.

[037] In some embodiments, a plurality of conductive structures are provided
at a first side and a second side of each elevating cushion, the second side
is opposite to the first side, at least a portion of each of the first auxiliary
electrodes being located at the first side and the second side of the
elevating cushion, wherein each the first auxiliary electrode are in contact
with the conductive structures provided at both sides of the eclevating

cushion.

[038] In some embodiments, each of the conductive structures are provided

as strips extending in the direction parallel to any side of the substrate.

[039] In some embodiments, the conductive structures are provided in the

form of points.

[040] In another aspect, an organic light-emitting diode (OLED) display

apparatus is provided, comprising:
[041] an OLED substrate; and

[042] a packaging layer, wherein the packaging layer is utilized to package
the OLED substrate.

[043] In another aspect, a method of manufacturing method an organic

light-emitting diode (OLED) substrate is provided, the method including:

[044] forming a semiconductor thin film layer through a physical vapor

deposition (PVD) process over the base substrate;

[045] patterning the semiconductor thin film through a photolithography

process; and

[046] implementing an etching process to form the active layer and the
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first elevating sub-layers of the elevating cushions simultaneously.

[047] In some embodiments, the method further includes simultancously
forming the second elevating sub-layers of the elevating cushions with
portions of the gate insulating layer that are located at the second

connection regions.

[048] In some embodiments, the method further includes forming the third
clevating sub-layers of the elevating cushions concurrently with the gate
electrodes, wherein the third elevating sub-layers and the gate electrodes

are located at a common layer and made of a same material.

[049] Other embodiments and implementations may become apparent in view

of the following descriptions and the attached drawings.

BRIEF DESCRIPTION OF DRAWINGS

[050] To more clearly illustrate some of the embodiments, the following is a

brief description of the drawings.

[051] The drawings in the following descriptions are only illustrative of some
embodiments. For those of ordinary skill in the art, other drawings of

other embodiments can become apparent based on these drawings.

[052] FIG. 1 illustrates a side view of a structural diagram of an OLED

display apparatus in existing technologies;

[053] FIG. 2 illustrates a side view of a structural diagram of an OLED

substrate in existing technologies;

[054] FIG. 3 illustrates a top view of a diagram of the division of different
regions of an OLED substrate according to some embodiments of the

present disclosure;

[055] FIG. 4A illustrates a side view of a structural diagram of an OLED

substrate according to some embodiments of the present disclosure;

[056] FIG. 4B illustrates another side view a structural diagram of an OLED
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substrate according to some embodiments of the present disclosure;

[057] FIG. 5 illustrates a side view of a structural diagram of another OLED

substrate according to some other embodiments of the present disclosure;

[058] FIG. 6 illustrates a side view of a structural diagram of yet another
OLED substrate according to yet some other embodiments of the present

disclosure;

[059] FIG. 7 illustrates a side view of a structural diagram of yet another
OLED substrate according to yet some other embodiments of the present

disclosure;

[060] FIG. 8A illustrates a side view of a structural diagram of yet another
OLED substrate according to yet some other embodiments of the present

disclosure;

[061] FIG. 8B illustrates another side view of a structural diagram of yet
another OLED substrate according to yet some other embodiments of the

present disclosure;

[062] FIG. 9 illustrates a top view of a structural diagram of an OLED

substrate according to some embodiments of the present disclosure;

[063] FIG. 10A illustrates a top view of a structural diagram of another
OLED substrate according to some other embodiments of the present

disclosure;

[064] FIG. 10B illustrates a top view of a structural diagram of yet another
OLED substrate according to yet some other embodiments of the present

disclosure;

[065] FIG. 11 illustrates a top view of a structural diagram of an OLED

substrate according to some embodiments of the present disclosure; and

[066] FIG. 12 illustrates a side view of structural diagram of an OLED
display apparatus according to some embodiments of the present

disclosure.
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DETAILED DESCRIPTION

[067] The embodiments set forth below represent the necessary information
to enable those skilled in the art to practice the embodiments and
illustrate the best mode of practicing the embodiments. Upon reading
the following description in light of the accompanying drawing figures,
those skilled in the art will understand the concepts of the disclosure and
will recognize applications of these concepts not particularly addressed
herein. It should be understood that these concepts and applications fall

within the scope of the disclosure and the accompanying claims.

[068] It will be understood that, although the terms first, second, etc. can be
used herein to describe various clements, these elements should not be
limited by these terms. These terms are only used to distinguish one
clement from another. For example, a first element could be termed a
second element, and, similarly, a second element could be termed a first
element, without departing from the scope of the present disclosure. As
used herein, the term "and/or" includes any and all combinations of one or

more of the associated listed items.

[069] It will be understood that when an element such as a layer, region, or
other structure is referred to as being "on" or extending "onto" another
element, it can be directly on or extend directly onto the other element or
intervening elements can also be present. In contrast, when an element
is referred to as being "directly on" or extending "directly onto" another

element, there are no intervening elements present.

[070] Likewise, it will be understood that when an element such as a layer,
region, or substrate is referred to as being "over" or extending "over"
another element, it can be directly over or extend directly over the other
element or intervening elements can also be present. In contrast, when
an element is referred to as being "directly over" or extending "directly
over" another element, there are no intervening elements present. It will

also be understood that when an element is referred to as being
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"connected" or "coupled" to another element, it can be directly connected
or coupled to the other element or intervening elements can be present.
In contrast, when an element is referred to as being "directly connected"”
or "directly coupled" to another element, there are no intervening

elements present.

[071] Relative terms such as "below" or "above" or "upper" or "lower" or
"horizontal" or "horizontal" can be used herein to describe a relationship
of one element, layer, or region to another element, layer, or region as
illustrated in the Figures. It will be understood that these terms and
those discussed above are intended to encompass different orientations of

the device in addition to the orientation depicted in the Figures.

[072] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the disclosure.
As used herein, the singular forms "a," "an," and "the" are intended to
include the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms "comprises,"
"comprising," "includes," and/or "including" when used herein specify
the presence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements, components,

and/or groups thereof.

[073] Unless otherwise defined, all terms (including technical and scientific
terms) used herein have the same meaning as commonly understood by
one of ordinary skill in the art to which this disclosure belongs. It will
be further understood that terms used herein should be interpreted as
having a meaning that is consistent with their meaning in the context of
this specification and the relevant art and will not be interpreted in an

idealized or overly formal sense unless expressly so defined herein.

[074] Various embodiments of the present disclosure provide an OLED
substrate and an OLED display apparatus that can solve the IR-drop

problem caused by excessive resistance of the second electrode layer.
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[075] The display region of the OLED substrate can be divided into a
plurality of luminous regions and a non-luminous region, the
non-luminous region can include a plurality of first connection regions;
the OLED substrate can include: a first electrode layer, a pixel defining
layer, a light-emitting functional layer and a second eclectrode layer
provided successively over the base substrate; the pixel defining layer can
be located at the non-luminous region, the pixel defining layer can define
the plurality of luminous regions; the first electrode layer can include a
plurality of first electrodes, each first electrode can be located in a
luminous region; the pixel defining layer can be hollowed out at the first
connection regions; the OLED substrate can further include conductive
structures provided at the first connection regions, the conductive
structures can be located at the side of the light-emitting functional layer
that is opposite from the base substrate and be connected to the second

electrode layer.

[076] Herein the term “divided” does not necessarily mean physically
dividing. Rather, the display region can be “divided” in an abstract way.
In other words, the plurality of luminous regions and the non-luminous
region can be portions of the display region without physical boundaries,

dividers, or barriers.

[077] The cathodes of top-emitting OLED display devices are usually formed
through forming a layer of transparent or translucent conductive material
sputtering process or an evaporation process, i.e. a physical vapor
deposition process, wherein by reducing the thickness of the cathodes, a
higher light transmittance can be achieved which can be correlated ton

increased brightness level of the OLED display devices.

[078] However, reduced thickness also corresponds to an increased resistance
of the cathodes, where an increased resistance can cause the IR-drop to
also be too large or otherwise excessive which can then be associated
with various negative effects on the display properties of the OLED

display devices.

[079] In some instances, these negative effects are a result of the center of an

10
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OLED display device being relatively far from the signal input ports at
the edge of the OLED display device, wherein an increase of the IR-drop
caused by an overly large resistance of the cathodes can cause the electric
current transmitted to the center of an OLED display device to be reduced,
therefore, the brightness level of the edge of an OLED display device and
the brightness level of the center of the OLED display device are not
uniform, the brightness level about an edge of the OLED display device
can be brighter than the brightness level of the center of the OLED
display device, which is typically undesirable.

[080] In order to solve the IR-drop problem caused by an overly large
resistance of the cathode electrodes of OLED display apparatus, two

methods are often implemented.

[081] In a first method, auxiliary electrodes can be added over the
transparent cathodes. For example, as illustrated in FIG. 1, a conductive
layer or a plurality of lattice-shaped wires can be added as auxiliary
electrodes 2 over the packaging substrate 1. The auxiliary electrodes 2
can then be in contact with the transparent cathodes 3, wherein the
conductivity of the cathodes 3 can be increased by adding the auxiliary

electrodes 2.

[082] As a result, the resistance of the cathodes 3 can be reduced. However,
in order for the auxiliary electrodes 2 and the cathodes 3 to be in contact
with each other, OLED component, for example, an OLED component
can include the anodes 5, the light-emitting functional layer 6, the
cathodes 3 and the pixel defining layer 7 that is utilized to space the
anodes 5, the OLED cannot be packaged with a thin film packaging layer.
Therefore, the risk of deterioration of the OLED component can be

increased.

[083] In a second method, auxiliary electrodes can be added under the
transparent cathodes 3. For example, as illustrated in FIG. 2, an
insulating pattern 8 and auxiliary electrodes 2 can be added over the pixel
defining layer 7 at the non-luminous region. However, in this method,

the cathodes 3 can only be in contact with the sides of the auxiliary

11



WO 2020/124940 PCT/CN2019/086666

clectrodes 2, wherein most parts of the auxiliary electrodes 2 are covered

by the light-emitting functional layer 6.

[084] As a result, the effect of reducing the resistance of the cathodes 3 is not
realized. In addition, the formation of the insulating pattern 8 and the
auxiliary electrodes 2 requires two additional filming process and an
additional  photolithography  process, which  complicates the
manufacturing process of the OLED display device.

[085] In order to solve the abovementioned problems, as well as many others,
some embodiments of the present disclosure provide an OLED substrate
and an OLED display apparatus that can solve the IR-drop problem

caused by excessive resistance of the second electrode layer.

[086] The OLED substrate as illustrated in FIG. 3, which particularly
illustrates a top view of a structural diagram of the division of different
regions of an OLED substrate according to some embodiments of the

present disclosure.

[087] As illustrated in FIG. 3, the OLED substrate according to some
embodiments of the present disclosure can be divided into a display

region 01 and a non-display region 02.

[088] As illustrated herein, the display region 01 can be divided into a
plurality of luminous region 03 and a non-luminous region 04, the
non-luminous region 04 can include a plurality of first connection regions
05. As illustrated here, the non-luminous region 04 can be formed so as
to separate a plurality of luminous regions 03 into an array or a matrix.
While the connection regions 05 have been illustrated as being embedded
within and extending along the length of the non-luminous regions 04, it
should be noted, there are no limitations to the positions of the first
connection regions 05, as long as the normal function of the OLED
substrate will not be influenced. As such, various other configurations
are contemplated herein so far as the first connection regions 05 can be
provided at a position about or within the non-luminous region 04

separating the plurality of luminous regions 03.

12
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[089] FIG. 4A and FIG. 4B illustrate side views of an exemplary structural
diagram of an OLED substrate according to some embodiments of the

present disclosure.

[090] As illustrate in FIG. 4A and FIG. 4B, the OLED substrate can include a
first electrode layer 20, a pixel defining layer (PDL) 50, an
electroluminescent functional layer (EL) 30 and a second electrode layer
40. The pixel defining layer 50 can be located at edge portions of the

non-luminous region 04.

[091] In this manner, the pixel defining layer 50 can define a plurality of
regions in a matrix or an array having a plurality of luminous regions 03
provided therebetween. In other words, the pixel defining layer 50 can
include a plurality of aperture regions, wherein an aperture region can

correspond to a luminous region 03.

[092] The first electrode layer 20 can then include a plurality of first
electrodes 201, for example pixel electrodes, wherein each fist electrode
201 can be located in a luminous region 03. In some such embodiments
the pixel defining layer 50 can be hollowed out at the first connection

regions 05.

[093] The OLED substrate can further include conductive structures 60
provided at or within the first connection regions 05. These conductive
structures 60 can be provided at a top side of the electroluminescent
functional layer 30, or in other words on a side of the electroluminescent
functional layer that is opposite from the base substrate 10. As
illustrated here, the conductive structures 60 can be in contact, cither

directly or indirectly, with the second electrode layer 40.

[094] While those of ordinary skill in the art will recognize there are a
multitude of potential material selections which can be utilized for the
formation of the base substrate 10, certain advantages have been realized
by forming the base substrate from a glass material, however, this
substance is mentioned for exemplary purposes only and no limitations to

glass are intended by providing this example.

13
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[095] In some embodiments, the first electrode layer 20 can include various
anodes, wherein the second electrode layer can include various cathodes.
In contrast, in some alternative embodiments, the first electrode layer 20
can instead be provided with various cathodes, while the second electrode

layer can include various anodes.

[096] As illustrated herein, and for exemplary purposes only, the material of
the first electrode layer 20 can be any one or any combination of Ag
(silver), Al (aluminum) or/and ITO (indium tin oxide). However, again,
there are no limitations implied in the mention of these exemplary
materials, and those having skill in the art will recognize various
materials which can be utilized to form the first electrode layer 20. In
addition, the first electrode layer 20 can be a single layer structure,
however, the first electrode layer 20 can also be a multi-layer stack or

wafer structure.

[097] It will also be appreciated that the first electrode layer 20 can be
formed utilizing various known processes, and the following recitations
with regard to particular steps are made for exemplary purposes only, as
such no limitations to the manufacturing processes of the first electrode

layer 20 are meant thereby except as outlined by the claims below.

[098] In a first embodiment, the first electrode layer 20 can be formed by
utilizing a physical vapor deposition process can be utilized so as to form
a single-layer conductive film or multi-layer stack conductive film.
Subsequent to such deposition, a photolithography process and an etching
process can be utilized to remove a portion of the deposited material so as

to form appropriately patterned first electrodes 201.

[099] As illustrated herein, and for exemplary purposes only, the material of
the second clectrode layer 40 can be any one or any combination of ITO,
(indium tin oxide), and IZO (indium zinc oxide). However, again, there
are no limitations implied in the mention of these exemplary materials,
and those having skill in the art will recognize various materials which
can be utilized to form the second clectrode layer 40. However, due to

the fact that light is intended to be emitted by the electroluminescent

14
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functional layer 30 which will emit from the second electrode layer 40,
the material of the second electrode layer 40 should be provided as a

transparent material.

[0100] In some embodiments, the electroluminescent functional layer 30 can
include only a single electroluminescent layer. However, in some other
embodiments, in addition to the -electroluminescent layer, the
clectroluminescent functional layer 30 can further include at least one, or
a plurality, of the following: an electron transporting layer (ETL), an
electron injection layer (EIL), a hole transporting layer (HTL), and a hole
injection layer (HIL). In some such embodiments, an evaporation
process can be utilized to evaporate an electroluminescent functional

layer 30 over the pixel defining layer 50.

[0101] Similar to above, there are no limitations, explicit or implied, to the
manufacturing process of the pixel defining layer 50 as discussed herein,
wherein those having ordinary skill in the art will recognize modifications
thereto, however, for exemplary purposes only, a pixel defining layer thin
film can be formed over the first electrode layer 20, for example, through
one of spin-coating process, transfer printing process or ink-jet printing
process, then, the pixel defining layer thin film can be patterned through a
photolithography process so as to form the pixel defining layer 50 having

the proper dimensions and patterns.

[0102] With regard to the conductive structures 60, there are no limitations,
explicit or implied, to the material of the conductive structures 60, as long
as they can be conductive during operation. The material of the
conductive structures 60 can be transparent material or non-transparent
material because the conductive structures 60 are provided at the first
connection regions 05 and the first connection regions 05 are located at

the non-luminous region 04.

[0103] For illustrative purposes only, the material of the conductive
structures 60 can be selected from a group of materials, or a combination
thereof, the group including: conductive polymer, metal, conductive

silver paste, and conductive resin.

15
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[0104] In one example, the conductive structures 60 can be formed at the
first connection regions 05 through an ink-jet printing (IJP) process. In
yet another example, the conductive structures 60 can be formed at the
first connection regions 05 through a silk-screen printing process.
However, those of ordinary skill in the art will also recognize various
other processes by which the conductive structures 60 can be formed, as
such, there are no limitations intended by these exemplary processes for
forming the conductive structures 60 about or within the first connection

regions 05.

[0105] It should be noted, the conductive structures 60 can be located at the
side of the electroluminescent functional layer 30 that is opposite from
the base substrate 10. In some embodiments, as illustrated in FIG. 4A,
the conductive structures 60 can be located at the side of the second
electrode layer 40 that is opposite from the electroluminescent functional
layer 30. In this case, the second electrode layer 40 can be formed first,

then, the conductive structures 60 can be formed therecon.

[0106] In some other embodiments, as illustrate in FIG. 4B, the conductive
structures 60 can be located between the electroluminescent functional
layer 30 and the second electrode layer 40. In this case, the conductive
structures 60 can be formed first, then, the second electrode layer 40 can

be formed thereon.

[0107] In some alternative embodiments, the pixel defining layer 50 can be
hollowed out at the first connection regions 05. In other words, the
pixel defining layer 50 can be provided with concave portions, i.e.
concave drop regions, when providing the electroluminescent functional
layer 30 at the first connection regions 05, e.g. inside the concave

portions.

[0108] In some embodiments, as illustrate in FIG. 4A and FIG. 4B, the
electroluminescent functional layer 30 can be disconnected at edges of
the first connection regions 05. However, in some other embodiments,
the electroluminescent functional layer 30 can be connected at edges of

the first connection regions 05.
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[0109] The larger the depths of the concave portion, the easier the
electroluminescent functional layer 30 can be disconnected. As
illustrated in FIG. 4A, when the conductive structures 60 are located at
the side of the second electrode layer 40 that is opposite from the
electroluminescent functional layer 30, the second electrode layer 40 can
be disconnected at the edges of the first connection regions 05, the second
clectrode layer 40 can also be continuous at the edges of the first
connection regions 05, e.g., the second electrode layer 40 can also be

connected at the edges of the first connection regions 05.

[0110] It should be understood that, by providing larger the contact areas
between the conductive structures 60 and the second electrode layer 40, a
correlating increased advantage is realized in the reduction of resistance

of the second electrode layer 40.

[0111] According to some embodiments of the present disclosure, a first
connection regions 05 can be in the shapes of a strip, similarly, the
conductive structures 60 can also be in a corresponding shape of a strip,
where, as a result, the contact areas between the conductive structures 60

and the second electrode layer 40 can be maximized therebetween.

[0112] Although the pixel defining layer 50 can be hollowed out about the
first connection regions 05, because the conductive structures 60 can be
provided at the first connection regions 05, there is no need to consider
the risk of consecutive difference of the second electrode layer 40 at the
first connection regions 05. In this manner, the electric connection
between the second electrode layer 40 and the conductive structures 60

can thus be ensured.

[0113] The present disclosure provides an OLED substrate, the conductive
structures 60 of the OLED substrate can be utilized to reduce the
resistance of the second electrode layer 40, and the conductive structures
60 can be in contact with the second electrode layer 40. As a result, the
IR-drop problem caused by excessive resistance of the second electrode
layer 40 can be solved because the resistance is significantly reduced by

the conductive structures 60.
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[0114] On this basis, compared with the first method in existing
technologies, due to the provision of the conductive structures 60, which
are equivalent to the auxiliary electrodes 2, which can be provided over
the OLED substrate, while the resistance of the second electrode layer 40
can be reduced, the packaging of the OLED substrate will also not be

influenced.

[0115] Compared with the second method in existing technologies, due to
the provision of the conductive structures 60 which can be provided over
the second electrode layer 40, or the second electrode layer 40 can be
provided over the conductive structures 60, the contact areas between the
conductive structures 60 and the second electrode layer 40 can be

relatively large.

[0116] Duec to the increased contact area the resistance of the second
clectrode layer 40 can be effectively reduced. In addition, the
conductive structure 60 can be formed through an IJP process or a
silk-screen printing process, a lithography process is not needed, and thus
the complexity of the manufacturing process of the OLED substrate will

not be increased.

[0117] In some embodiments, as illustrated in FIG. 4A and FIG. 4B, the
electroluminescent functional layer 30 can be disconnected at the edges
of the first connection regions 05. In some such embodiments, the
surfaces of the conductive structures 60 that are opposite from the base
substrate 10, for example the upper surfaces in the Figures, are higher
than the surface of the pixel defining layer 50 that is opposite from the

base substrate 10.

[0118] It should be noted, when forming the electroluminescent functional
layer 30, the electroluminescent functional layer 30 can be disconnected
at the edges of the first connection regions 05 only when the depths of the
concave drop regions of the first connection regions 05 are sufficiently

large.

[0119] According to yet additional embodiments of the present disclosure,
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transverse leakage current caused by the movement of electrons from one
sub-pixel, e.g. a luminous region 03, to another sub-pixel can be
prevented because the electroluminescent functional layer 30 can be
disconnected at the edges of the first connection regions 05. As a result,
the interference effect among adjacent sub-pixels can be avoided and the

display quality can be improved.

[0120] In addition, the thicknesses of the conductive structures 60 provided
at the first connection regions 05 can be relatively large since the surfaces
of the conductive structures 60 that are opposite from the base substrate
10 can be higher than the surface of the pixel defining layer that is
opposite from the base substrate 10. As a result, this large thickness
allows for increased ability to reduce the resistance of the second
electrode layer 40. Another benefit of this increased thickness is that the

flatness of the surface of the OLED substrate can be improved.

[0121] In some embodiments, as illustrated in FIG. 5, the non-luminous
region 04 can further include a plurality of second connection regions 06,
as illustrated here, the second connections regions 06 can be adjacent to

the first connection regions 05.

[0122] The OLED substrate can then further include a plurality of elevating
cushions 70 provided at the second connection regions 06, and a plurality
of first auxiliary electrodes 202. In this embodiment, a first auxiliary
electrode 202 can then be provided which covers the sides of an elevating
cushion 70 and the surface of the elevating cushion 70 that is opposite
from the base substrate 10, i.e. the upper surface of the elevating cushion.
Additionally, a conductive structure 60 can be provided which can be in
contact with the portion of a first auxiliary electrode 202 that is located at

a side portion of the elevating cushion 70.

[0123] A second connection region 06 can then be provided which can be
adjacent to a first connection region 05, for example, a second connection
region 06 can be surrounded by first connection regions 05. In this case,
a conductive structure 60 can be provided continuously to surround the

portion of the first auxiliary electrode 202 that is located at the sides, i.c.
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about a peripheral portion, of the elevating cushion 70.

[0124] In another example, the first connection regions 05 can also be
located at one side or two sides of the second connection region 06. In
this case, the conductive structure(s) 60 can be provided at one side or
two sides of the first auxiliary electrode 202 that is located about side

portions of the elevating cushion 70.

[0125] In some additional embodiments, the elevating cushions 70 can be
manufactured simultancously with the film layers over the OLED
substrate, however, the elevating cushions 70 can also be manufactured
separately from the film layers over the OLED substrate. Similarly, the
first auxiliary electrodes 202 can be manufactured simultaneously with
the film layers over the OLED substrate, however, the first auxiliary
electrodes 202 can also be manufactured separately from the film layers

over the OLED substrate.

[0126] In some embodiments, the elevating cushions 70 and the first
auxiliary electrodes 202 can be located about the side of the
electroluminescent functional layer 30 that is close to the base substrate

10, i.e. the lower surface of the electroluminescent functional layer 30.

[0127] In some other embodiments, the elevating cushions 70 and the first
auxiliary electrodes 202 can be located between the electroluminescent
functional layer 30 and the second electrode layer 40. In yet some other
embodiments, the elevating cushions 70 and the first auxiliary electrodes
202 can be located at the side of the second clectrode layer 40 that is

opposite from the base substrate 10, i.e. the upper surface thereof.

[0128] It should be noted that, the conductive structures 60 can be in contact
with the sides of the portions of the first auxiliary electrodes 202 located
at the anterior sides of the elevator cushions 70. When the elevating
cushions 70 and the first auxiliary electrodes 202 are located at the side of
the electroluminescent functional layer 30 that is close to the base
substrate 10, 1i.e., the lower surface thereof, particularly when

manufacturing the electroluminescent functional layer 30, the
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electroluminescent functional layer 30 should be disconnected at the

edges of the second connection regions 06.

[0129] As a result, the portions of the first auxiliary electrodes 202 located
at the sides of the elevating cushions 70 can be exposed. In this
manner, contact between the conductive structures 60 and the portions of
the first auxiliary electrodes 202 that are located at the sides of the

elevating cushions can be ensured.

[0130] In this manner, an increased contact area between the conductive
structure 60 and the portion of the first auxiliary electrode 202 that is
located at the sides of the elevating cushion 70, due to the increased
height of the elevating cushion 70, and the corresponding larger the
area of the portion of the an auxiliary electrode 202 located at the sides of
the clevating cushion 70. As a result, the resistance of the second

electrode layer 40 can be reduced effectively.

[0131] In some additional embodiments, the pixel defining layer 50 can be
hollowed out at the second connection regions 06. Conversely, the pixel
defining layer can be left intact, or not be hollowed out, at the second
connection regions 06. It will be appreciated that FIG. 5 illustrates an
instance in which the pixel defining layer 50 is hollowed out at the second

connection regions 06.

[0132] In some alternative embodiments, the second electrode layer 40 can
be disconnected at the edges of the second connection regions 06. In
some other embodiments, the second electrode layer 40 can be connected

at the edges of the second connection regions 06.

[0133] According to some embodiments of the present disclosure, the
conductive structures 60 can be in contact with the portions of the first
auxiliary electrodes 202 that are located at the sides of the elevating
cushions 70 and the conductive structures 60 can be in contact with the
second electrode layer 40 because the OLED substrate can further include
the first auxiliary electrodes 202 In this embodiment, the contact between

the conductive structures 60 and the first auxiliary electrodes causes a
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situation being equivalent to the situation wherein resistors, i.e., the first
auxiliary electrodes 202, are connected in parallel to the second electrode

layer 40.

[0134] As a result, the resistance of the second electrode layer 40 can be
reduced, the IR-drop problem caused by excessive resistance of the

second electrode layer 40 can thus be effectively solved.

[0135] In some embodiments, the pixel defining layer 50 can be hollowed
out at the second connection regions 06. In such embodiments, the first
auxiliary electrodes 202 and the first electrodes 201 can be provided at a

common layer and made of a common material.

[0136] It should be noted, due to the fact that the first auxiliary electrodes
202 and the first electrodes 201 are located at a common layer and made
of the same material, the elevating cushions and the first auxiliary
electrodes 202 are located at the side of the electroluminescent functional
layer 30 that is close to the base substrate 10, i.c., about a bottom surface

thereof.

[0137] According to some embodiments of the present disclosure, when
manufacturing the first electrodes 201, the first auxiliary electrodes 201
that cover the sides of the elevating cushions 70 and the surfaces of the
clevating cushions 70 that are opposite from the base substrate 10 can be
simultaneously manufactured due to the fact the first auxiliary electrodes
202 and the first electrodes 201 are located at a common layer and made
of the same material In contrast, compared with manufacturing the first
auxiliary electrodes 202 in a separate process, the manufacturing process

of the OLED substrate as contemplated herein can thus be simplified.

[0138] In some embodiments, as illustrated in FIG. 6, the OLED substrate
can further include a plurality of thin film transistors 80 and a
planarization (PLN) layer 90 provided between the thin film transistors

80 and the first electrode layer 20.

[0139] In some embodiments, the planarization layer 90 can be hollowed out

at the first connection regions 05. In some other embodiments, the
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planarization layer 90 can be left intact, i.e. not be hollowed out, at the

first connection regions 05.

[0140] A thin-film transistor (TFT) 80 can then be provided, which includes
a source electrode 801, a drain electrode 802, an active layer 803, a gate

electrode 804, and a gate insulating layer (GI) 805.

[0141] In such embodiments, the drain electrode 802 of a thin film transistor
80 can be electrically connected to a first electrode 201, and the source
electrode 801 and the drain electrode 802 of a thin film transistor 80 can
be respectively connected to the active layer 803. It should be
understood, when there are other film layers between the source electrode
801 and the drain electrode 802 and the active layer 803, the source
clectrode 801 and the drain electrode 802 can be electrically connected to
the active layer 803 through vias or channels provided in or through the

film layers.

[0142] As illustrated herein, an elevating cushion 70 can include at least one
of a first elevating sub-layer 701, a second clevating sub-layer 702, a
third elevating sub-layer 703, a fourth elevating sub-layer 704, and a fifth
elevating sub-layer 705.

[0143] The first elevating sub-layer 701, the second elevating sub-layer 702,
the third elevating sub-layer 703, the fourth elevating sub-layer 704, and
the fifth elevating sub-layer 705 can be arranged in stacked layers, e.g.,
when where are more than one eclevating sub-layer, the eclevating

sub-layers are arranged in stacked layers, i.e. as a wafer.

[0144] In some such embodiments, the stacked layer construction allows for
an increase in the height of an elevating cushion 70, in this manner, the
distance between the first auxiliary electrode 202 formed over the
elevating cushion 70 and the bottom of the elevating cushion 70 can be
increased. As such, the area of the portion of the first auxiliary
electrode 202 located at the side of the elevating cushion 70 can be

increased.

[0145] This increased height allows for the contact area between the
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conductive structure 60 and the first auxiliary electrode 202 to be
incrcased, which contact arca allows for reduced resistance and a
corresponding reduction or solving of the IR-drop problem discussed

above.

[0146] In yet additional embodiments, the first elevating sub-layers 701 of
clevating cushions 70 and the active layer 803 can be provided at a

common layer and made of the same material.

[0147] In such embodiments, the portions of the gate insulating layer 805
that are located at the second connection regions 06 can form the second

clevating sub-layers 702 of the elevating cushions 70.

[0148] Additionally, in such embodiments, the third elevating sub-layers
703 of the elevating cushions 70 and the gate electrodes 804 can be

provided at a common layer and made of the same material.

[0149] Similarly, the fourth eclevating sub-layers 704 of the eclevating
cushions 70 and the source electrodes 801 and the drain electrodes 802
can be provided at a common layer and made of the same material.
Similarly, the portions of the planarization layer 90 located at the second
connection regions 06 can form the fifth elevating sub-layers 705 of the

elevating cushions 70.

[0150] In some embodiments, the first elevating sub-layers 701 of the
clevating cushions 70 can be manufactured simultaneously when the
active layer 803 is manufactured, because the first elevating sub-layers
701 of the elevating cushions 70 and the active layer 803 are located at a

common layer and made of the same material.

[0151] As a result, the manufacturing process of the OLED substrate can be
simplified.

[0152] Again, the following methods of manufacturing the eclevating
sub-layers and the active sublayer are included for exemplary purposes
only, and as such, there are no limitations to the manufacturing process of
the first elevating sub-layers 701 of the elevating cushions 70 and the
active layer 803.
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[0153] In some embodiments, the manufacturing method can include a first
step of: forming a semiconductor thin film layer through a physical vapor
deposition (PVD) process over the base substrate 10; a second step of:
patterning the semiconductor thin film through a photolithography
process; and a third step of: implementing an etching process to form the
active layer 803 and the first elevating sub-layers 701 of the elevating

cushions 70 at the same time.

[0154] In some embodiments, the material of the semiconductor thin film

can be IGZO (Indium Gallium Zinc Oxide).

[0155] It should be noted that, in some embodiments, the gate insulating
layer 805 can be hollowed out at the first connection regions 05. In
some other embodiments, the gate insulating layer 805 can be left intact,

i.e. not hollowed out, at the first connection regions 05.

[0156] In other words, the gate insulating layer 805 can be continuous at the

first connection regions 05.

[0157] In some embodiments, as illustrate in FIG. 6, the gate insulating
layer 805 can also be left intact or whole, i.e. not be hollowed out at the
first connection regions 05, in order to prevent the impurities in the base
substrate 10 to be spread to the film layers provided over the base

substrate 10 and influence the normal display of the OLED substrate.

[0158] For the embodiments illustrated herein, there is no need to
manufacture the second elevating sub-layers 702 of the elevating
cushions 70 separately because the portions of the gate insulating layer
805 which are located at the second connection regions 06 can
simultaneously form the second elevating sub-layers 702 of the elevating

cushions 70.

[0159] In this manner, the manufacturing process of the OLED substrate can
be simplified. In this embodiment, the gate insulating layer 805 can be
formed though a chemical vapor deposition (CVD) process or a plasma
enhanced chemical vapor deposition (PECVD) process. The material of

the gate insulating layer 805 can be at least one of SiOx (silicon oxide),
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SiNy (silicon nitride) and SiOxNy (silicon oxynitride).

[0160] The gate insulating layer 805 can also be a stacked structure formed
by at least two of a SiOy layer, a SiNy layer and a SiO4N, layer.
However, these specific processes and materials are mentioned for
exemplary purposes only and as such are not intended to be limiting
either explicitly or implicitly, except as limited in the claims below, as
those having skill in the art will also recognize alternative methods and

materials which would be suitable for these applications.

[0161] In some additional embodiments, the third elevating sub-layers703
can be manufactured concurrently with the gate electrodes 804 because
the third elevating sub-layers 703 of the elevating cushions 70 and the
gate clectrodes 804 are located at a common layer and made of the same

material.

[0162] As a result, the manufacturing process of the OLED substrate can be
simplified. In some embodiments, a first manufacturing step can be
implemented, which can include: forming a first conductive thin film
through a PVD film formation technique, then a second step can include:
patterning the first conductive thin film through a mask etching process.
In this manner, the gate electrodes 804 and the third elevating sub-layers
703 of the elevating cushions 70 can be formed simultancously. In some
such embodiments, the material of the first conductive thin film can be at
least one of Al (aluminum), Mo (molybdenum), Cu (copper) and Ti

(titanium).

[0163] However, these specific processes and materials are mentioned for
exemplary purposes only and as such are not intended to be limiting
either explicitly or implicitly, except as claimed in the claims below, as
those having skill in the art will also recognize alternative methods and

materials which would be suitable for these applications.

[0164] In some embodiments, as illustrated in FIG. 7, the side of the third
elevating sub-layer 703 of an elevating cushion 70 can be in contact with

the first auxiliary electrode 202.
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[0165] In some other embodiments, as illustrated in FIG. 6, the side of the
third elevating sub-layer 703 of an elevating cushion 70 can be separated

from, or otherwise disconnected from the first auxiliary electrode 202.

[0166] In case the side of the third elevating sub-layer 703 of an clevating
cushion 70 is in contact with the first auxiliary electrode 202, the third
elevating sub-layer 703 can be equivalent to a second auxiliary electrode.
This configuration can reduce the resistance of the second electrode layer
40, which is beneficial for further improving the IR-drop problem caused

by excessive resistance of the second electrode layer 40.

[0167] In yet additional embodiments, the fourth elevating sub-layers 704 of
the elevating cushions 70 and the source electrodes 801 and the drain
clectrodes 802 can be manufactured simultaneously because the fourth
clevating sub-layers 704 of the eclevating cushions 70 and the source
clectrodes 801 and the drain electrodes 802 can be provided at a common

layer and made of the same material.

[0168] As a result, the manufacturing process of the OLED substrate can be
simplified. In some embodiments, a first manufacturing step is
contemplated in which: a second conductive thin film layer can be formed
through e.g. a PVD process, then a second step can include the step of:
patterning the second conductive film through a photolithography process
or an etching process to form the source electrodes 801 and the drain

electrodes 802 (e.g. S/D electrode).

[0169] The material of the second conductive thin film can be at least one of
AL, Mo, CU and Ti. However, these specific processes and materials
are mentioned for exemplary purposes only and as such are not intended
to be limiting either explicitly or implicitly, except as claimed in the
claims below, as those having skill in the art will also recognize
alternative methods and materials which would be suitable for these

applications.

[0170] In some embodiments, the side of the fourth elevating sub-layer 704

of an elevating cushion 70 can be in contact with a first auxiliary
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clectrode 202. In some other embodiments, the side of the fourth
clevating sub-layer 704 of an elevating cushion 70 can be disconnected

from, or not in contact with, a first auxiliary electrode 202.

[0171] In yet additional embodiments, the side of the fourth elevating
sub-layer 704 of an elevating cushion 70 can be in contact with the first
auxiliary electrode 202, wherein the fourth elevating sub-layer 704 can be
equivalent to a third auxiliary electrode. In this manner, this connection
can reduce the resistance of the second eclectrode layer 40, and thus is
beneficial for further improving the IR-drop problem caused by excessive

resistance of the second electrode layer 40.

[0172] In some embodiments, there is no need to manufacture the fifth
elevating sub-layers 705 of the elevating cushions 70 separately because
the portions of the planarization layer 90 that are located at the second
connection regions 06 can also be utilized so as to form the fifth elevating
sub-layers 705 of the eclevating cushions 70. In this manner, the

manufacturing process of the OLED substrate can be simplified.

[0173] A process of forming such can include a first step of: spin-coating a
planarization layer thin film; a second step of: transfer printing process
and/or an ink-jet printing process; then a third step of: patterning the

planarization layer thin film to form the planarization layer 90.

[0174] In some such embodiments, the planarization layer can be utilized to
flatten and provide a planarized surface for the subsequent manufacturing

of the first electrode layer 20.

[0175] According to some embodiments of the present disclosure, all
elevating sub-layers of the elevating cushions 70 can be manufactured at
the time when the thin film transistors 80 are manufactured, because there
is no need to manufacture the elevating cushions 70 separately, which
combination of processes can simplify the manufacturing process of the

OLED substrate.

[0176] On this basis, in the case wherein the sides of the third elevating

sub-layers 703 of the elevating cushions 70 are in contact with the first
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auxiliary electrodes 202, or the sides of the fourth elevating sub-layers
704 of the elevating cushions 70 are in contact with the first auxiliary
clectrodes 202, the third elevating sub-layers 703 of the elevating
cushions 70 and the fourth elevating sub-layers 704 of the elevating
cushions 70 can also be utilized as auxiliary electrodes.  These
structures are then equivalent to resistors which are connected in parallel

to second electrode layer 40.

[0177] As a result, the resistance of the second electrode layer 40 can
further be reduced, which is correspondingly beneficial for solving the
IR-drop problem caused by excessive resistance of the second electrode

layer 40.

[0178] In addition, under the first auxiliary electrodes 202 the heights of the
elevating cushions 70 can be increased, because each elevating sub-layer
of an elevating cushion 70 and the corresponding layer of a thin film

transistor 80 can be manufactured at a common layer.

[0179] As a result, the contact areas between the conductive structures 60
and the first auxiliary electrodes 202 can be increased, which is

correspondingly beneficial for solving the IR-drop problem.

[0180] In some embodiments, when manufacturing the active layer 803 of
the thin film transistor 80 and a third electrode. In such a case, when
manufacturing the gate electrode 804 of the thin film transistor 80, a
fourth electrode can be manufactured, the third electrode and the fourth
electrode can be provided facing each other to form a storage capacitor

(Cst).

[0181] According to embodiments of the present disclosure, if the side of
the fifth elevating sub-layer 705 and the surface of the fifth elevating
sub-layer 705 that is close or proximal to the second electrode layer 40
forms an acute angle, when forming the first auxiliary electrode 202, the
first auxiliary electrode 202 can be easily broken at the position of this
acute angle because a first auxiliary electrode 202 are formed over a fifth

elevating sub-layer 705 of an elevating cushion 70.
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[0182] As a result, the portion of the first auxiliary electrode 202 that is
located at the surface of the fifth elevating sub-layer 705 that is opposite
to the base substrate 10 cannot be electrically connected to the conductive
structure 60, for this reason, this arrangement is not beneficial for

reducing the resistance of the second electrode layer 40.

[0183] In order to prevent the abovementioned problem, in some
embodiments, as illustrated in FIG. 6 and FIG. 7, the side of the fifth
elevating sub-layer 705 of an elevating cushion 70 and the surface of the
fifth elevating sub-layer 705 of an elevating cushion 70 that is close to the
second clectrode layer 40 , e.g. the upper surface in the Figures, can be

connected to each other through an arc segment.

[0184] In some such embodiments, during the manufacturing process of the
planarization layer 90, the method for realizing the connection of the side
of the fifth elevating sub-layer 705 and the surface of the fifth elevating
sub-layer 705 that is close or proximal to the second electrode layer 40
through an arc segment can be achieved by controlling various factors

during manufacturing.

[0185] Such factors can include: providing composition variations at
different positions of different thickness of the planarization layer thin
film during the deposition process of the planarization layer thin film, the
angle of the light during the photolithography process, the strength of the
light at different positions, and the distance between the mask and the

planarization layer thin film.

[0186] In order for the electroluminescent functional layer 30 to be
disconnected at the edges of the second connection regions 06, in some
embodiments, the side of the fifth elevating sub-layer 705 of an elevating
cushion 70 can be an inclined plane, wherein the areas of the surfaces of
the fifth elevating sub-layers 705 of the elevating cushions 70 that are
close to the second clectrode layer 40 can be larger than or equal to the
areas of the surfaces of the fifth elevating sub-layers 705 of the elevating
cushions 70 that are opposite from the second electrode layer 40. In

some such embodiments, the planarization layer 90 can be manufactured
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with negative photoresist, e.g. negative photoresist polymer, which, as a
result, the negative photoresist that the amount of light will be gradually

decreased as the thickness of the film is increased.

[0187] In some such embodiments, the fifth elevating sub-layers 705 of the
clevating cushions 70 can be manufactured at the portions of the
planarization layer 90 that are located at the second connection regions 06
through a photolithography process and a development process. In this
manner, the areas of the surfaces of the fifth elevating sub-layers 705 of
the elevating cushions 70 that are close to the second electrode layer 40
can be larger than or equal to the area of the surfaces of the fifth elevating
sub-layers 705 of the elevating cushions 70 that are opposite from the

second electrode layer 40.

[0188] In some embodiments, as illustrated in FIG. 7, the thin film
transistors 80 can further include an inter-layer dielectric (ILD) layer 806;
wherein the inter-layer dielectric layer 806 can be hollowed out at the
first connection regions 05. The portions of the inter-layer dielectric
layer 806 located at the second connection regions 06 can form the sixth

clevating sub-layers 706 of the elevating cushions 70.

[0189] In some embodiments, the inter-layer dielectric layer thin film can be
deposited through a CVD process, the inter-layer dielectric layer 806 can
be formed through patterning the inter-layer dielectric layer thin film.
There are no limitations to the material of the inter-layer dielectric layer
806, wherein the inter-layer diclectric layer 806can be at least one of SiOy,

SiNy and SiOxNy.

[0190] According to embodiments of the present disclosure there is no need
to manufacture the sixth elevating sub-layers 706 of the elevating
cushions 70 separately because the portions of the inter-layer dielectric
layer 806 that are located at the second connection region 06 can form the
sixth elevating sub-layers 706 of the elevating cushions 70.As such, the

manufacturing process of the OLED substrate can thus be simplified.

[0191] In addition, the heights of the elevating cushions 70 can be increased
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such that the areas of the first auxiliary electrodes 202 that are located at
the sides of the elevating cushions 70 can be increased because the
portions of the inter-layer dielectric layer 806 that are located at the
second connection regions 06 can be utilized as the sixth elevating
sub-layers 706 of the elevating cushions 70. In this manner, the contact
areas between the conductive structures 60 and the first auxiliary

electrodes 202 can be increased.

[0192] In some embodiments, as illustrated in FIG. 7, the side of the sixth
elevating sub-layer 706 of an elevating cushion 70 can be an inclined
plane, wherein the areas of the surfaces of the sixth elevating sub-layers
706 of the elevating cushions 70 that are close to the second electrode
layer, e.g. the upper surfaces in FIG. 7, can be larger than the areas of the
surfaces of the sixth elevating sub-layers 706 of the elevating cushions 70
that are opposite from the second electrode layer, e¢.g. the lower surfaces

in the Figure.

[0193] In other words, in some embodiments, after cutting out the sixth
elevating sub-layer 706 of an elevating cushion 70 along the direction of
the thickness of the sixth elevating sub-layer 706, a cross-section in the

shape of an inverse ladder can be obtained.

[0194] There are no limitations to the manufacturing method of the sixth
elevating sub-layer 706, as long as the abovementioned shape of the sixth
clevating sub-layer 706 can be formed. In the following, two specific
implementations of the manufacturing method of the sixth elevating

sub-layer 706 will be described in detail.

[0195] The first method can include the following processes. The material
of the inter-layer dielectric layer 806 can be SiOxN,. During the process
of forming the inter-layer dielectric layer thin film, the inter-layer
dielectric layer thin film can have a gradient distribution of composition
through controlling the process conditions such as gas flow ratio, reaction
barometric pressure during the thin film deposition process, e.g., the
composition of the bottom layer can be SiOy, for example, Si0,, at the

bottom of the thin film, in the direction from the bottom to the top of the
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thin film, the content of N can be increased gradually and the content of O
can be decreased gradually, the composition of the top layer of the thin

film can be SiO«( for example, Si0,).

[0196] The densification of the thin film formed in this manner can be
increased gradually from the bottom of the film to the top of the film.
As a result, when patterning the inter-layer dielectric layer thin film to
form the inter-layer dielectric layer 806. Then, during the etching
process, the etching rate can be decreased gradually from the bottom to
the top. In this manner, an inverse ladder structure can be formed at a

second connection region 06.

[0197] The second method includes the following: wherein the material of
the inter-layer dielectric layer 806 is SiNy; during the process of forming
the inter-layer dielectric layer thin film, the composition of the thin film
can be controlled and adjusted through controlling the gas flow ratio
during the thin film deposition process, that is, the content of Si can be

increased gradually from the bottom of the film to the top of the film.

[0198] As a result, the densification of the thin film can be increased
gradually from the bottom of the film to the top of the film. As a result,
when patterning the inter-layer dielectric layer thin film to form the
inter-layer dielectric layer 806, during the etching process, the etching
rate can be decreased gradually from the bottom to the top. In this
manner, an inverse ladder structure can be formed at a second connection

region 06.

[0199] In some embodiments, the source electrode can include one or more
contact holes, i.e. vias or channels, and one or more drain electrode
contact holes, i.¢. vias or channels, as illustrated in FIG. 7 which can be
formed over the inter-layer dielectric layer 806 utilizing a

photolithography process and/or an etching process.

[0200] According to embodiments of the present disclosure, when forming
the electroluminescent functional layer 30, it is beneficial for

disconnecting the electroluminescent functional layer 30 at the edges of
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the second connection regions 06 because the sides of the sixth elevating
sub-layers 706 of the elevating cushions 70 are inclined planes, and the
areas of the surfaces of the sixth elevating sub-layers 706 of the elevating
cushions 70 that are close to the second electrode layer 40 can be larger
than the areas of the surfaces of the sixth elevating sub-layers 706 of the

clevating cushions 70 that are opposite from the second eclectrode layer
40.

[0201] As a result, the portions of the first auxiliary electrodes 202 that are
located at the sides of the elevating cushions 70 can be in contact with the

conductive structures 60.

[0202] In some embodiments, as illustrated in FIG. 8A and FIG. 8B, the
OLED substrate can further include a passivation layer (PV) 100 provided
between the thin film transistors 80 and the planarization layer 90;
wherein the portions of the passivation layer 100 that are located at the
second connection regions 06 can form the seventh elevating sub-layers

707 of the elevating cushions 70.

[0203] In some such embodiments, the passivation layer 100 can be
deposited through a CVD process. There are no limitations to the
material of the passivation layer 100, wherein the passivation layer 100

can be formed using at least one of SiOx, SiNy and SiONy.

[0204] In some embodiments, the passivation layer 100 can be hollowed out
at the first connection regions 05. In some other embodiments, the
passivation layer 100 can be left intact, or otherwise not be hollowed out,

at the first connection regions 05.

[0205] According to some embodiments of the present disclosure, the
passivation layer 100 can be provided between the thin film transistors 80
and the planarization layer 90 can thus prevent any interference effect
between the thin film transistors 80 and the self-luminous components, i.e.
the self-luminous components can include the first electrode layer 20, the
electroluminescent functional layer 30, and the second electrode layer 40.

In addition, the portions of the passivation layer 100 located at the second
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connection regions 06 can form the seventh elevating sub-layers 707 of

the elevating cushions 70.

[0206] As a result, there is no need to manufacture the seventh elevating
sub-layers 707 separately, and the manufacturing process of the OLED
substrate can thus be simplified. On this basis, the portions of the
passivation layer 100 located at the second connection regions 06 can be
utilized as the seventh elevating sub-layers 707, and the heights of the
elevating cushions 70 can thus be increased. As a result, the areas of the
first auxiliary electrodes 202 that are located at the sides of the elevating
cushions 70 can be increased, which, as a result, allows for the contact
areas between the conductive structures 60 and the first auxiliary

electrodes 202 to be increased.

[0207] In some embodiments, as illustrated in FIG. 8A and FIG. 8B, the
sides of the seventh elevating sub-layers 707 of the elevating cushions 70
can be inclined planes, wherein the areas of the surfaces of the seventh
elevating sub-layers 707 of the elevating cushions 70 that are close to the
second clectrode layer 40 can be larger than the areas of the surfaces of
the sixth elevating sub-layers 707 of the clevating cushions 70 that are

opposite from the second electrode layer 40.

[0208] In other words, in some embodiments, after cutting out a seventh
elevating sub-layer 707 along the direction of the thickness of the seventh
elevating sub-layer 707, a cross-section in the shape of an inverse ladder

can be obtained.

[0209] There are no limitations to the manufacturing method of the seventh
clevating sub-layers 707 of the elevating cushions 70, as long as the
abovementioned shapes of the seventh elevating sub-layers 707 can be
formed. The manufacturing method of the seventh elevating sub-layers
707 of the elevating cushions 79 can be the same as the manufacturing
method of the sixth elevating sub-layers 706 of the elevating cushions 70
described above, because the manufacturing method of the sixth elevating
sub-layers 706 of the elevating cushions 70 has been described above in

detail, it will not be repeated herein.
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[0210] According to embodiments of the present disclosure, because the
sides of the seventh elevating sub-layers 707 of the elevating cushions 70
are inclined planes, and the areas of the surfaces of the seventh elevating
sub-layers 707 of the elevating cushions 70 that are close to the second
electrode layer 40 can be larger than the areas of the surfaces of the
seventh elevating sub-layers 707 of the elevating cushions 70 that are
opposite from the second electrode layer 40, when forming the
electroluminescent functional layer 30, it is beneficial for disconnecting
the electroluminescent functional layer 30 at the edges of the second

connection regions 06.

[0211] As a result, the portions of the first auxiliary electrodes 202 that are
located at the sides of the elevating cushions 70 can be in contact with the

conductive structures 60.

[0212] The material of the passivation layer 100 and/or the inter-layer
dielectric layer 806 can be at least one of SiO, SiNy, and SiO«N,.
Additionally, as has been recognized, a film layer formed by SiOy, SiNy,
or SiOxNy can have shortcomings such as bumps and microcracks in the
film layer. As a result, when forming the elevating sub-layers of the
elevating cushions 70 at the portions of the passivation layer 100 and/or
the inter-layer dielectric layer 806 located at the second connection

regions 06, the surfaces of the elevating sub-layers may not be flat.

[0213] Additionally, shortcomings such as nonuniformity or cracks within
the first auxiliary electrodes 202 can be realized when forming the first
auxiliary electrodes 202 at the sides of the elevating cushions 70 and the
surfaces of the elevating cushions 70 that are opposite from the base

substrate 10.

[0214] In order to solve the abovementioned problems, in some
embodiments, a dense and uniform Al,Os film layer can be formed at the
sides of at least one of the sixth elevating sub-layers 706 of the elevating
cushions 70 or the seventh elevating sub-layers 707 of the elevating

cushions 70.
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[0215] In some instances, the Al,O; film layer can also be formed at the
sides of the fifth elevating sub-layer 705 of the elevating cushions 70 and
the surfaces of the fifth elevating sub-layers 705 of the elevating cushions

70 that are opposite from the base substrate 10.

[0216] In such instances, the nonuniformity or cracks that can occur during
the formation of the first auxiliary electrodes 202 can be prevented
because the Al,Os film layer can have a flat and smooth surface which
can cover the film layer formed by SiOy, SiNy, or SiOxNy, and provide a
flat and smooth surface for the formation of the first auxiliary electrodes
202. In this manner, the problem of IR-drop of the second electrode

layer 40 can be effectively improved.

[0217] In some embodiments, as illustrated in FIG. 9, FIG. 10A, and FIG.
10B, a plurality of conductive structures 60 can be provided; wherein the
conductive structures 60 can be provided at the two sides of an elevating
cushion 70. In this manner, the portion of a first auxiliary electrode 202
that is located at the side of an elevating cushion 70 can be respectively in
contact with the conductive structures 60 that are provided at two sides of

an elevating cushion 70.

[0218] In some embodiments, the conductive structures 60 can be provided
according to practical needs and there are no limitations to the number
and positions of the conductive structures 60. Further, as recognized,
the larger the contact areas between the conductive structures 60 and the
second eclectrode layer 40, the more advantageous for reducing the

resistance of the second electrode layer 40.

[0219] According to embodiments of the present disclosure, the portion of
the first auxiliary electrode 202 that is located at the side of an elevating
cushion 70 can have a larger contact area with the conductive structures
60 because the conductive structures 60 are provided at two sides of each
elevating cushion 70, which then allows for the resistance of the second

clectrode layer 40 to be effectively reduced.

[0220] In some embodiments, as illustrated in FIG. 10A and FIG. 10B, the
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shapes of the conductive structures 60 can be provided as strips extending

in a direction that is parallel to any associated side of the base substrate.

[0221] It should be noted that, when the shapes of the conductive structures
60 are strips extending in a direction that is parallel to any side of the
base substrate 10, the shape of a conductive structure 60 can be an
unbroken, or whole, strip as illustrated in FIG. 10A, a conductive
structure 60 can also be composed of a plurality of strip-shaped

sub-conductive structures that are disconnected from one another.

[0222] As illustrated in FIG. 10A, if the shapes of the conductive structures
60 are unbroken or whole strips extending in the direction parallel to any
side of the base substrate 10, in order to prevent the conductive structures
60 from overlapping or crossing the gate lines or data lines over the
OLED substrate, in some embodiments, the planarization layer 90 and/or
the passivation layer 100 will not be hollowed out at the first connection
regions 05, the planarization layer 90 and/or the passivation layer 100 can
thus be separate from the conductive structure 60 and the gate lines or
data lines over the OLED substrate. In this case, the conductive

structures 60 can be formed through a silk-screen printing process.

[0223] As illustrated in FIG. 10B, if a conductive structures 60 arc
composed of a plurality of strip-shaped sub-conductive structures that are
disconnected from one another in the direction parallel to any side of the
base substrate 10, because the conductive structures 60 will not overlap
with or cross the gate lines and data lines over the OLED substrate, the
planarization layer 90 and/or the passivation layer 100 can be hollowed

out at the first connection regions 05.

[0224] As a result, the thicknesses of the conductive structures 60 provided
at the first connection regions 05 can be increased. In this case, the

conductive structure 60 can be formed through an ink-jet printing process.

[0225] In some other embodiments, as illustrated in FIG. 9, the shapes of
the conductive structures 60 can be points. In this case, the conductive

structures 60 can be formed through an ink-jet printing process.
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[0226] As illustrated in FIG. 9, the conductive structure 60 can be provided
such that they will not overlap with or cross the data lines and gate lines
provided over the OLED substrate because the shapes of the conductive
structures 60 are points. As a result, the planarization layer 90 and/or
the passivation layer 100 can be hollowed out at the first connection
regions 05, which allows for the thickness of the conductive structures 60

provided at the first connection regions 05 to be increased.

[0227] On this basis, when the eclevating cushions 70 include the third
clevating sub-layers 703, the third eclevating sub-layers 703 of the
elevating cushions 70 can be provided as strips parallel to the gate lines,
and the third elevating sub-layers 703 can be insulated from the gate

lines.

[0228] As illustrated in FIG. 11, when the elevating cushions 70 include the
fourth elevating sub-layers 704, the fourth elevating sub-layers 704 of the
elevating cushions 70 can be provided as strips parallel to the data lines,
and the fourth elevating sub-layers 704 can be insulated from the data

lines.

[0229] In another aspect, an OLED display apparatus can be provided. As
illustrated in FIG. 12, the OLED display apparatus can include an OLED
substrate 110 and a packaging layer 120 that can be utilized to package
the OLED substrate 110; the OLED substrate 110 can be any one of the

abovementioned OLED substrates.

[0230] In some embodiments, the packaging layer 120 can be a packaging
substrate, for example, a glass substrate or a color film substrate. In
some other embodiments, the packaging layer 120 can be a packaging thin
film, e.g., barrier film. The material of the packaging film can be

polymer or other suitable material.

[0231] The OLED display apparatus can be any components or products that
has a display function, no matter the content to be displayed is moving
(for example, video) or still (for example, still image), and no matter the

content to be displayed is text or image.
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[0232] The OLED substrate and OLED display apparatus according to
embodiments of the present disclosure can be incorporated in a variety of
electronic devices or can be related to a variety of electronic devices, for
example, mobile phones, wireless devices, personal digital assistants
(PDA), tablets, laptops, GPS receivers/navigators, cameras, MP4 video
players, video cameras, computer game consoles, watches, clocks,
calculators, TV monitors, flat display panels, computer monitors, vehicle
display devices (for example, odometer display device), navigators,
cockpit control devices and/or display devices, display devices for camera
views (for example, camera rear view display device in a vehicle), digital
frames, electronic Dbillboards, projectors, construction structures,
packaging structures or fine arts structures (for example, a display device

for displaying the images of jewelry).

[0233] In addition, the OLED display apparatus can also be an OLED
display panel, a smart TV, a virtual reality (VR)/augmented reality (AR) device,
a head-mount display (HMD) device, a head-up display (HUD) device, smart

eyewear (e.g., glasses), etc.

[0234] Controlling the pixels can be implemented with thin-film transistors

(TFTs), or other electronics configuration, such as flexible electronics.

[0235] Various embodiments of the present disclosure provide an OLED
display apparatus, the OLED display apparatus can include any one of the
abovementioned OLED display substrates, the OLED display substrate in
the OLED display apparatus has the same structures and beneficial effects
as the OLED substrate provided by the embodiments of the present
disclosure, because the OLED substrate have been described above in

detail, it will not be repeated herein.

[0236] The foregoing has provided a detailed description on an OLED
substrate and an OLED display apparatus according to some embodiments
of the present disclosure. Specific examples are used herein to describe
the principles and implementations of some embodiments. The
description is only used to help understanding some of the possible

methods and concepts. Meanwhile, those of ordinary skill in the art can
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change the specific implementation manners and the application scope
according to the concepts of the present disclosure. The contents of this

specification therefore should not be construed as limiting the disclosure.

[0237] In addition, those of ordinary skill in the art will also understand that
the embodiments described in the specification are just some of the
embodiments, and the involved actions and portions are not necessarily

all required to realize the functions of the various embodiments.

[0238] Various embodiments in this specification have been described in a
progressive manner, where descriptions of some embodiments focus on
the differences from other embodiments, and same or similar parts among
the different embodiments are sometimes described together in only one

embodiment.

[0239] It should also be noted that in the present disclosure, relational terms
such as first and second, etc., are only used to distinguish one entity or
operation from another entity or operation, and do not necessarily require
or imply these entities having such an order or sequence. It does not
necessarily require or imply that any such actual relationship or order

exists between these entities or operations.

b

[0240] Moreover, the terms “include,” “including,” or any other variations
thereof are intended to cover a non-exclusive inclusion such that a
process, method, article, or apparatus that comprises a list of elements
including not only those elements but also those that are not explicitly
listed, or other elements that are inherent to such processes, methods,
goods, or equipment.

[0241] In the case of no more limitation, the element defined by the

kb

sentence “includes a...” does not exclude the existence of another
identical element in the process, the method, the commodity, or the

device including the element.

[0242] In the descriptions, with respect to device(s), terminal(s), etc., in
some occurrences singular forms are used, and in some other occurrences

plural forms are used in the descriptions of various embodiments. It
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should be noted, however, that the single or plural forms are not limiting
but rather are for illustrative purposes. Unless it is expressly stated that
a single device, or terminal, etc. is employed, or it is expressly stated that
a plurality of devices, or terminals, etc. are employed, the device(s),

terminal(s), etc. can be singular, or plural.

[0243] Based on various embodiments of the present disclosure, the
disclosed apparatuses, devices, and methods can be implemented in other
manners. For example, the abovementioned terminals devices are only
of illustrative purposes, and other types of terminals and devices can

employ the methods disclosed herein.

b1

[0244] Dividing the terminal or device into different “portions,” “regions”

“or “components” merely reflect various logical functions according to
some embodiments, and actual implementations can have other divisions

b1

of “portions,” “regions,” or “components” realizing similar functions as
described above, or without divisions. For example, multiple portions,
regions, or components can be combined or can be integrated into another
system. In addition, some features can be omitted, and some steps in the

methods can be skipped.

[0245] Those of ordinary skill in the art will appreciate that the portions, or
components, etc. in the devices provided by wvarious embodiments
described above can be configured in the one or more devices described
above. They can also be located in one or multiple devices that is (are)
different from the example embodiments described above or illustrated in
the accompanying drawings. For example, the circuits, portions, or
components, etc. in various embodiments described above can be

integrated into one module or divided into several sub-modules.

[0246] The order of the various embodiments described above are only for
the purpose of illustration, and do not represent preference of

embodiments.

[0247] Although specific embodiments have been described above in detail,

the description is merely for purposes of illustration. It should be
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appreciated, therefore, that many aspects described above are not
intended as required or essential elements unless explicitly stated

otherwise.

[0248] Various modifications of, and equivalent acts corresponding to, the
disclosed aspects of the exemplary embodiments, in addition to those
described above, can be made by a person of ordinary skill in the art,
having the benefit of the present disclosure, without departing from the
spirit and scope of the disclosure defined in the following claims, the
scope of which is to be accorded the broadest interpretation to encompass

such modifications and equivalent structures.
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CLAIMS
1. An organic light-emitting diode (OLED) substrate comprising;:

a base substrate, comprising a display region, the display region being
divided into a plurality of luminous regions and a non-luminous region
separating one or more adjacent luminous regions, the non-luminous

region comprising a plurality of first connection regions;

a first electrode layer provided over the base substrate, wherein the first
electrode layer comprises a plurality of first electrodes, the projection
of the plurality of the first electrodes on the base substrate covers the

plurality of luminous regions;

a pixel defining layer provided on the first electrode layer, wherein the pixel
defining layer is located at the non-luminous region and defines the
plurality of luminous regions, the pixel defining layer is hollowed out

at the first connection regions;
an electroluminescent functional layer provided on the pixel defining layer;

a second electrode layer provided on the electroluminescent functional layer;

and

a plurality of conductive structures located at the plurality of first
connection regions respectively, wherein the plurality of conductive

structures are electrically coupled to the second electrode layer.

2. The OLED substrate according to claim 1, wherein the electroluminescent
functional layer is disconnected from the first connection regions at an edge

portion of the first connection regions.

3. The OLED substrate according to claim 2, wherein surfaces of the conductive
structures that are opposite from the base substrate are higher than a surface
of the pixel defining layer that is opposite from the base substrate both with

respect to an upper surface the base substrate.
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4. The OLED substrate according to any one of claims 1-3, wherein the
conductive structures are located between the electroluminescent functional

layer and the second electrode layer.

5. The OLED substrate according to any one of claims 1-3, wherein the
conductive structures are located at a side of the second electrode layer that is

opposite from the electroluminescent functional layer.

6. The OLED substrate according to any one of claims 1-5, wherein the
non-luminous region further comprises a plurality of second connection
regions, wherein at least one second connection region is adjacent to at least

one first connection region;
wherein the OLED substrate further comprises:

a plurality of elevating cushions provided at the second connection regions;

and

a plurality of first auxiliary electrodes provided on the plurality of elevating
cushions, wherein at least one first auxiliary electrode covers sides of
an clevating cushion and a surface of an elevating cushion that is

opposite from the base substrate;

wherein at least one conductive structure is in contact with the portion of the

first auxiliary electrode located at the sides of the elevating cushions.

7. The OLED substrate according to claim 6, wherein the pixel defining layer is
hollowed out at the second connection regions, and wherein the first auxiliary
electrodes and the first electrode layer are located at a same layer and made of

a same material.

8. The OLED substrate according to claim 6, wherein the OLED substrate

further comprises a plurality of thin film transistors and a planarization layer
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configured between each of the thin film transistors and the first electrode
layer, wherein each thin film transistor comprises a source ¢lectrode, a drain
electrode, an active layer, a gate clectrode and a gate insulating layer, the

drain electrode being electrically connected to a first electrode.

9. The OLED substrate according to claim 8, wherein:

cach elevating cushion comprises at least one of a first elevating sub-layer, a
second eclevating sub-layer, a third elevating sub-layer, a fourth
elevating sub-layer, and a fifth elevating sub-layer being arranged in a

stacked configuration;

the first elevating sub-layer and the active layer are located at a same layer

and made of a same material;

a portion of the gate insulating layer that is located at a second connection

region forms a second elevating sub-layer;

the third elevating sub-layer and the gate electrodes are located at a same

layer and made of a same material;

the fourth elevating sub-layer, the source electrodes and the drain electrodes

are located at a same layer and made of the same material; and

the fifth elevating sub-layer and the planarization layer are located at a same

layer and made of a same material.

10. The OLED substrate according to claim 9, wherein a side portion of a fifth
elevating sub-layer is connected to a surface of the fifth elevating sub-layer

that is close to the second electrode layer by means of an arc segment.

11.The OLED substrate according to claim 9, wherein each of the thin film

transistors further comprises:

an interlayer dielectric layer being hollowed out at the first connection

regions;
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wherein portion of the interlayer dielectric layer located at the second

connection region forms a sixth elevating sub-layer.

12.The OLED substrate according to claim 11, wherein a side portion of the sixth
elevating sub-layer is provided as an inclined plane, wherein a surface area of
a sixth elevating sub-layer that is close to the second electrode layer is larger
than an alternative surface area of a sixth elevating sub-layer that is opposite

from the second electrode layer.

13.The OLED substrate according to any one of claims 9-12, wherein the OLED
substrate further comprises a passivation layer provided between the thin film
transistors and the planarization layer, wherein a portion of the passivation
layer located at a second connection region forms a seventh elevating

sub-layer of the elevating layer.

14. The OLED substrate according to claim 13, wherein a side portion of the
seventh elevating sub-layer is provided as an inclined plane, the surface arca
of a seventh elevating sub-layer that is close to the second electrode layer is
larger than the surface areas of a seventh elevating sub-layer that is opposite

from the second electrode layer.

15.The OLED substrate according to claim 6, wherein a plurality of conductive
structures are provided at a first side and a second side of each elevating
cushion, the second side is opposite to the first side, at least a portion of each
of the first auxiliary electrodes being located at the first side and the second
side of the elevating cushion, wherein each the first auxiliary electrode are in
contact with the conductive structures provided at both sides of the elevating

cushion.

16. The OLED substrate according to claim 15, wherein each of the conductive
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structures are provided as strips extending in the direction parallel to any side

of the substrate.

The OLED substrate according to claim 16, wherein the conductive structures

are provided in a form of points.

An organic light-emitting diode (OLED) display apparatus, comprising:
an OLED substrate according to any one of claims 1-17; and

a packaging layer, wherein the packaging layer is utilized to package the
OLED substrate.

A method of manufacturing method an organic light-emitting diode (OLED)

substrate according to any one of claims 6-17, the method comprising:

forming a semiconductor thin film layer through a physical vapor

deposition (PVD) process over the base substrate;

patterning the semiconductor thin film through a photolithography

process; and

implementing an etching process to form the active layer and the first

elevating sub-layers of the elevating cushions simultaneously.

The method of claim 19, further comprising simultancously forming the
second elevating sub-layers and the first elevating sub-layers of the elevating
cushions with portions of the gate insulating layer that are located at the

second connection regions.

The method of claim 20, further comprising forming the third eclevating
sub-layers of the elevating cushions concurrently with the gate electrodes,
wherein the third elevating sub-layers and the gate electrodes are located at a

common layer and made of a same material.
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