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forming a TFT structure on a substrate

'

forming a planarization layer in the TFT
forming an anode layer and a pixel

surrounding the anode layer on the
planarization layer

v

Forming an organic functional layer on
the pixel electrode structure, wherein the
anode layer is in a region near a side of
the organic functional layer, and a square
resistance of a portion adjacent to the
pixel defining layer is smaller than a
square resistance of a portion away from
the pixel defining layer

l

forming a cathode on the organic
functional layer

FIG. 1
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forming a first trench in the anode layerina
portion opposite from the pixel defining layer so
as to expose the planarization layer, leaving the
anode layer as a first anode

\

Forming a second anode in the first trench,
wheren the square resistance of the second
anode 1s greater than the square resistance of the
first anode

FIG. 3
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forming a second trench in a region of the anode
layer opposite the pixel defining layer, the
second trench having a depth smaller than a
depth of the anode layer, and the remaining
anode layer being left as a first anode

forming a second anode in the second trench,
wherein the square resistance of the second
anode is greater than the square resistance of the
first anode

FIG. 5
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forming a first trench into the anode layer on a
side opposite from the pixel defining layer, so as
to expose the planarization layer, and leaving the

anode layer as a first anode

v

forming a third anode in the first trench, wherein
the depth of the third anodes is less than the
depth of the first anode

v

forming a second anode on a side of the first
trench adjacent to the organic functional layer,
the square resistance of the second anode being
greater than the square resistance of the first
anode and the square resistance of the third
anode

FIG. 7
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FIG. 8B
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OLED DISPLAY SUBSTRATE, DISPLAY
DEVICE AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to Chinese
Patent Application No. 201811116903.0 filed on Sep. 21,
2018, the disclosure of which is hereby incorporated by
reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to the
fields of display technologies, and more specifically to an
OLED display substrate, a display device and manufacturing
method thereof.

BACKGROUND

[0003] Compared with LCD (i.e., liquid crystal display)
components, OLED (i.e., organic light-emitting diode) com-
ponents have the advantages such as self-luminosity, faster
response, wider viewing-angle, higher brightness level,
brighter color, lightness and thinness, as such OLED tech-
nologies are widely regarded as being the next generation of
display technologies.

[0004] Organic light-emitting component thin film depo-
sition methods typically include vacuum evaporation and
solution process. In ink-jet film deposition or printing pro-
cesses, during in-pixel film forming process, ink may climb
to a pixel defining layer, as a result, the thickness of the
organic functional layer at the periphery region of a pixel
may be larger than the thickness of the central region of a
pixel.

SUMMARY

[0005] In a first aspect, an organic light-emitting diode
(OLED) display substrate is provided, including:

[0006] a base substrate;

[0007] one or more thin-film transistor (TFT) structures
provided over the base substrate;

[0008] a planarization layer provided over the TFT struc-
tures;
[0009] anodes provided on an upper surface of the pla-

narization layer;

[0010] a pixel defining layer provided over the planariza-
tion layer defining a plurality of pixel regions, wherein each
anode includes an upper surface being exposed in each of the
pixel regions;

[0011] an organic functional layer provided over the
anodes; and

[0012] a cathode provided over the organic functional
layer;

[0013] wherein a sheet resistance of the portion of the

anodes that is proximal to the pixel defining layer is smaller
than a sheet resistance of the portion of the anodes that is
opposite from the pixel defining layer.

[0014] In some embodiments, each pixel region further
includes:
[0015] a central region that is proximal to the pixel defin-

ing layer and a peripheral region that is opposite from the
pixel defining layer;
[0016] a first anode provided in the peripheral layer; and
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[0017] a second anode provided in the central region,
wherein, the sheet resistance of the second anode is larger
than the sheet resistance of the first anode.

[0018] In some embodiments, each pixel region further
includes:
[0019] a central region that is proximal to the pixel defin-

ing layer and a peripheral region that is opposite from the
pixel defining layer;

[0020] a first anode provided in the pixel region;

[0021] a second groove provided at the central region of
the first anode; wherein the depth of the second groove is
smaller than the thickness of the first anode; and

[0022] a second anode provided inside the second groove,
wherein, the sheet resistance of the second anode is larger
than the sheet resistance of the first anode.

[0023] In some embodiments, each pixel region further
includes:
[0024] a central region that is proximal to the pixel defin-

ing layer and a peripheral region that is opposite from the
pixel defining layer;

[0025] a first anode provided in the pixel region;

[0026] a first groove that passes through the portion of the
first anode that is in the central region;

[0027] a third anode provided inside the first groove, the
thicknesses of the third anode being smaller than the thick-
nesses of the first anode; and

[0028] a second anode provided inside the first groove, the
second anode is located at the side of the third anode that is
proximal to the organic functional layer, wherein, the sheet
resistance of the second anode is larger than the sheet
resistance of the first anode and the sheet resistance of the
third anode.

[0029] In some embodiments, the sheet resistance of a
second anode is greater than the sheet resistance of a first
anode which is greater than the sheet resistance of a third
anode.

[0030] In some embodiments, wherein the first anode is
formed about a circumferential portion of the second anode.
[0031] Insome embodiments, the first anode as bars being
provided opposing edges of the second anode.

[0032] In another aspect, a manufacturing method of an
OLED display substrate is provided, the method including:

[0033] providing a base substrate:

[0034] forming a plurality of TFT structures over the base
substrate;

[0035] forming a planarization layer over the TFT struc-
tures;

[0036] forming an anode layer having one or more anodes

provided therein on the planarization layer;

[0037] forming a pixel defining layer which surrounds the
one or more anodes within the anode layer over the planar-
ization layer;

[0038] wherein the sheet resistance of a portion of the
anode layer that is adjacent to the pixel defining layer is
smaller than the sheet resistance of the portion of the anode
layer that is opposite from the pixel defining layer;

[0039] forming an organic functional layer over the anode
layer; and
[0040] forming one or more cathodes over the organic

functional layer.

[0041] In some embodiments, each pixel region further
includes a central region that is proximal to the pixel
defining layer and a peripheral region that is opposite from
the pixel defining layer;



US 2021/0335932 Al

[0042] wherein for each pixel region, in a region that is
adjacent to the side of the organic functional layer, wherein
the sheet resistance of a portion of the anode layer that is
adjacent to the pixel defining layer is smaller than the sheet
resistance of a portion of the anode layer that is opposite
from the pixel defining layer; and wherein the method
further includes:

[0043] forming a first groove that passes through the
anode layer in a central region of the anode layer being
opposite from the pixel defining layer such that the planar-
ization layer is exposed, wherein the remaining anode layer
thus defines a first anode; and

[0044] forming a second anode in the first groove, wherein
the sheet resistance of the second anode is larger than the
sheet resistance of the first anode.

[0045] In some embodiments, each pixel region further
includes a central region that is proximal to the pixel
defining layer and a peripheral region that is opposite from
the pixel defining layer;

[0046] wherein for each pixel region, the anode layer is
located in a region that is adjacent to the side of the organic
functional layer, wherein the sheet resistance of a portion of
the anode layer that is adjacent to the pixel defining layer is
smaller than the sheet resistance of a portion of the anode
layer that is opposite from the pixel defining layer; and
[0047] wherein the method further includes:

[0048] forming a second groove at the region of the anode
layer that is opposite from the pixel defining layer, wherein
the depth of the second groove is smaller than the thickness
of the anode layer, wherein the remaining anode layer is a
first anode; and

[0049] forming a second anode in the second groove,
wherein the sheet resistance of the second anode is larger
than the sheet resistance of the first anode.

[0050] In some embodiments, each pixel region further
includes a central region that is proximal to the pixel
defining layer and a peripheral region that is opposite from
the pixel defining layer;

[0051] wherein for each pixel region, the anode layer is
located in a region that is adjacent to the side of the organic
functional layer;

[0052] wherein the sheet resistance of a portion of the
anode layer that is proximal to the pixel defining layer is
smaller than the sheet resistance of a portion of the anode
layer that is opposite from the pixel defining layer; and
[0053] the method further includes:

[0054] forming a first groove that passes through the
anode layer at the region of the anode layer that is opposite
from the pixel defining layer such that the planarization
layer is exposed, the remaining anode layer is a first anode;
[0055] forming a third anode in the first groove, the
thickness of the third anode is smaller than the thickness of
the first anode;

[0056] forming a second anode in the first groove at the
side of the third anode that is proximal to the organic
functional layer, wherein the sheet resistance of the second
anode is larger than the sheet resistance of the first anode and
the sheet resistance of the third anode.

[0057] In some embodiments, the sheet resistance of a
second anode is greater than the sheet resistance of a first
anode; and wherein the sheet resistance of the first anode is
greater than the sheet resistance of a third anode.
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[0058] In another aspect, an organic light-emitting diode
(OLED) display panel is provided including:

[0059] a base substrate having an upper surface and a
lower surface;
[0060] one or more thin-film transistor (TFT) structures

provided on the upper surface of the base substrate;

[0061] a planarization layer provided over the TFT struc-
tures, the planarization layer having an upper surface and a
lower surface, the lower surface of the planarization layer
facing the upper surface of the base substrate;

[0062] a plurality of first anodes provided on the upper
surface of the planarization layer;

[0063] a groove provided between at least two of the
plurality of first anodes;

[0064] one or more second anodes provided within the
groove;
[0065] a pixel defining layer provided over the planariza-

tion layer and encompassing an edge portion of the one or
more anodes leaving a portion of a top surface of each anode
exposed;

[0066] an organic functional layer provided over the one
or more anodes on the portion of the top surface of each
anode exposed from the pixel defining layer; and

[0067] one or more cathodes provided over the organic
functional layer.

[0068] In some embodiments, the groove extends the full
height of the one or more first anodes and exposes the
planarization layer below the first anode from a top side
thereof.

[0069] In some embodiments, the OLED display panel
further includes a third anode also provided within the
groove.

[0070] Insome embodiments, a combined thickness of the
second and third anode is equal to a thickness of the first
anode.

[0071] Insome embodiments, the third anode is below the
second anode, and wherein an upper surface of the second
anode is flush with an upper surface of the first anode.
[0072] Insome embodiments, a combined thickness of the
second and third anode is equal to a thickness of the first
anode.

[0073] Insomeembodiments, the groove extends less than
a full height of the one or more first anodes and wherein a
portion of material forming the first anode completely
covers the upper surface of the planarization layer below the
first anode from a top side thereof.

[0074] In some embodiments, an upper surface of the
second anode is flush with an upper surface of the first
anode.

[0075] In some embodiments, the OLED display panel
further includes a third anode also provided within the
groove.

[0076] In some embodiments, the first anode is formed
about a circumferential portion of the second anode.
[0077] In some embodiments, the first anode is formed at
opposing edges of the second anode.

[0078] In another aspect, an OLED display device is
provided, wherein the display device is provided as a smart
device, a mobile phone, or a laptop computer, the display
device including the OLED display panel.

BRIEF DESCRIPTION OF DRAWINGS

[0079] To more clearly illustrate some of the embodi-
ments, the following is a brief description of the drawings.
[0080] The drawings in the following descriptions are only
illustrative of some embodiments. For those of ordinary skill
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in the art, other drawings of other embodiments can become
apparent based on these drawings.

[0081] FIG. 1 illustrates a flow chart of a manufacturing
method of an anode structure according to some embodi-
ments of the present disclosure;

[0082] FIG. 2A illustrates an exemplary side cross-sec-
tional view of a first sequential stage of the manufacturing
process for creating an anode structure of FIG. 1 according
to some embodiments of the present disclosure;

[0083] FIG. 2B illustrates an exemplary side cross-sec-
tional view of a second sequential stage of the manufactur-
ing process for creating an anode structure of FIG. 1
according to some embodiments of the present disclosure;
[0084] FIG. 2C illustrates an exemplary side cross-sec-
tional view of a third sequential stage of the manufacturing
process for creating an anode structure of FIG. 1 according
to some embodiments of the present disclosure;

[0085] FIG. 2D illustrates an exemplary side cross-sec-
tional view of a fourth sequential stage of the manufacturing
process for creating an anode structure of FIG. 1 according
to some embodiments of the present disclosure;

[0086] FIG. 2E illustrates an exemplary side cross-sec-
tional view of a fifth sequential stage of the manufacturing
process for creating an anode structure of FIG. 1 according
to some embodiments of the present disclosure;

[0087] FIG. 2F illustrates an exemplary side cross-sec-
tional view of a sixth sequential stage of manufacturing
process for creating an anode structure of FIG. 1 according
to some embodiments of the present disclosure;

[0088] FIG. 2G illustrates an exemplary side cross-sec-
tional view of a seventh sequential stage of manufacturing
process for creating an anode structure of FIG. 1 according
to some embodiments of the present disclosure;

[0089] FIG. 3 illustrates an exemplary flow chart of an
alternative manufacturing method of anodes according to
some embodiments of the present disclosure;

[0090] FIG. 4A illustrates an exemplary side cross-sec-
tional view of a first sequential stage of the manufacturing
process for creating an anode structure of FIG. 3 according
to some other embodiments of the present disclosure;
[0091] FIG. 4B illustrates an exemplary side cross-sec-
tional view of a second sequential stage of the manufactur-
ing process for creating an anode structure of FIG. 3
according to some other embodiments of the present disclo-
sure;

[0092] FIG. 4C illustrates an exemplary side cross-sec-
tional view of a third sequential stage of the manufacturing
process for creating an anode structure as illustrated in the
flow chart of FIG. 5 according to some other embodiments
of the present disclosure;

[0093] FIG. 4D illustrates an exemplary side cross-sec-
tional view of a fourth sequential stage of manufacturing
process for creating an anode structure as illustrated in the
flow chart of FIG. 5 according to some other embodiments
of the present disclosure;

[0094] FIG. 4E illustrates an exemplary side cross-sec-
tional view of a fifth sequential stage of the manufacturing
process for creating an anode structure as illustrated in the
flow chart of FIG. 5 according to some other embodiments
of the present disclosure;

[0095] FIG. 4F illustrates an exemplary side cross-sec-
tional view of a sixth sequential stage of the manufacturing
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process for creating an anode structure as illustrated in the
flow chart FIG. 5 according to some other embodiments of
the present disclosure;

[0096] FIG. 4G illustrates an exemplary side cross-sec-
tional view of a seventh sequential stage of the manufac-
turing process for creating an anode structure as illustrated
in the flow chart FIG. 5 according to some other embodi-
ments of the present disclosure;

[0097] FIG. 5 illustrates an exemplary flow chart of
another alternative manufacturing method of anodes accord-
ing to some other embodiments of the present disclosure;
[0098] FIG. 6A illustrates an exemplary side cross-sec-
tional view of a first sequential stage of the manufacturing
process for creating an anode structure as illustrated in the
flow chart of FIG. 7 according to additional other embodi-
ments of the present disclosure;

[0099] FIG. 6B illustrates an exemplary side cross-sec-
tional view of a second sequential stage of the manufactur-
ing process for creating an anode structure as illustrated in
the flow chart of FIG. 7 according to additional other
embodiments of the present disclosure;

[0100] FIG. 6C illustrates an exemplary side cross-sec-
tional view of a third sequential stage of the manufacturing
process for creating an anode structure as illustrated in the
flow chart of FIG. 7 according to additional other embodi-
ments of the present disclosure;

[0101] FIG. 6D illustrates an exemplary side cross-sec-
tional view of a fourth sequential stage of the manufacturing
process for creating an anode structure as illustrated in the
flow chart of FIG. 7 according to additional other embodi-
ments of the present disclosure;

[0102] FIG. 6E illustrates an exemplary side cross-sec-
tional view of a fifth sequential stage of the manufacturing
process for creating an anode structure as illustrated in the
flow chart of FIG. 7 according to additional other embodi-
ments of the present disclosure;

[0103] FIG. 6F illustrates an exemplary side cross-sec-
tional view of a sixth sequential stage of the manufacturing
process for creating an anode structure as illustrated in the
flow chart of FIG. 7 according to additional other embodi-
ments of the present disclosure;

[0104] FIG. 6G illustrates an exemplary side cross-sec-
tional view of a seventh sequential stage of the manufac-
turing process for creating an anode structure as illustrated
in the flow chart of FIG. 7 according to additional other
embodiments of the present disclosure;

[0105] FIG. 6H illustrates an exemplary side cross-sec-
tional view of an eighth sequential stage of the manufactur-
ing process for creating an anode structure as illustrated in
the flow chart of FIG. 7 according to additional other
embodiments of the present disclosure;

[0106] FIG. 7 illustrates yet another flow chart of another
alternative manufacturing method of anodes according to yet
more additional embodiments of the present disclosure;
[0107] FIG. 8A illustrates a perspective view of a smart
phone, being illustrative of exemplary display devices con-
figured to incorporate the various OLED display panels as
contemplated herein

[0108] FIG. 8B illustrates a perspective views of a tablet,
being illustrative of exemplary display devices configured to
incorporate the various OLED display panels as contem-
plated herein;
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[0109] FIG. 8C illustrates a perspective views of a laptop,
being illustrative of exemplary display devices configured to
incorporate the various OLED display panels as contem-
plated herein;

[0110] FIG. 9A illustrates a top view of a first arrangement
of an exemplary anode structure in accordance with various
aspects of the present disclosure; and

[0111] FIG. 9B illustrates a top view of a second arrange-
ment of an exemplary anode structure in accordance with
various aspects of the present disclosure.

DETAILED DESCRIPTION

[0112] 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.

[0113] It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element 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.

[0114] 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 ele-
ments may 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.

[0115] Likewise, it will be understood that when an ele-
ment 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 may also be present. In contrast, when
an element is referred to as being “directly over” or extend-
ing “directly over” another element, there are no intervening
elements present. It will also be understood that when an
element is referred to as being “connected” or “coupled” to
another element, it can be directly connected or coupled to
the other element or intervening elements may 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.

[0116] Relative terms such as “below” or “above” or
“upper” or “lower” or “horizontal” or “horizontal” may 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 orien-
tations of the device in addition to the orientation depicted
in the Figures.

[0117] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
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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 pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereof.

[0118] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing 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.

[0119] Various embodiments of the present disclosure
provide an OLED display substrate, a display device and a
manufacturing method thereof, such that the brightness
uniformity of the display device can be ensured.

[0120] The inventors of the instant disclosure have recog-
nized that, the thickness uniformity of the in-pixel film may
directly influence the brightness uniformity of the light
emitted by an OLED component, for example, when an
OLED component is illuminated, the brightness level of the
central region of a pixel is higher due to the reduced
thickness, meanwhile the brightness level of the periphery
region of a pixel is lower due to the increased thickness, thus
the display brightness level will not be uniform.

[0121] During the manufacturing process of the OLED
display substrate, when manufacturing the anodes, during
the ink-jet printing process, when forming an in-pixel film,
ink can climb to a pixel defining layer, as a result, the
thickness of an organic functional layer at the periphery
region of a pixel can be larger than the thickness of the
central region of a pixel, the problem of nonuniform light
emission in which the brightness level of the central region
of a pixel is higher and the brightness level of the two sides
of a pixel is lower can occur.

[0122] In order to solve the abovementioned problem, in
present disclosure, hole injection can be adjusted through
adjusting anode resistance value difference. In other words,
according to the light-emitting principles of OLED compo-
nents, the strength of the electric current flowing through
anode determines the brightness level of a pixel, the stronger
the electric current, the higher the brightness level, the
brightness level can be adjusted by changing the strength of
the electric current.

[0123] Referring to FIGS. 1-2, illustrated thereby is a flow
chart and a process of a first manufacturing method of an
OLED display substrate having a particular anode structure
50 according to first embodiments of the present disclosure
being illustrative of various aspects of the present disclo-
sure.

[0124] According to some embodiments of the present
disclosure, a manufacturing method of an OLED display
substrate is contemplated herein wherein the method can
include the following steps: providing a base substrate 1;
forming one or more thin-film transistor structures 2, here-
inafter referred to as TFT structures 2, over the base sub-
strate 1; forming a planarization layer 3 over the TFT
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structures 2; forming an anode layer 4 and a pixel defining
layer 7 that surrounds the anode layer 4, wherein, the anode
layer 4 is located in the region proximal to the organic
functional layer 8, the sheet resistance of the portion of the
anode layer 4 that is proximal to the pixel defining layer is
smaller than the sheet resistance of the portion of the anode
layer 4 that is far away from the pixel defining layer;
forming an organic functional layer 8 over the anode layer
4; and forming cathodes 9 over the organic functional layer
8.

[0125] In some embodiments, a manufacturing method of
a first exemplary OLED display substrate is illustrated in
FIG. 2A, FIG. 2B, FIG. 2C, FIG. 2D, FIG. 2E, FIG. 2F and
FIG. 2G.

[0126] In particular, FIG. 2A illustrates a first sequential
stage of manufacturing process for creating an anode struc-
ture. As particularly shown in FIG. 2A, the manufacturing
method of the OLED display substrate that includes the
inventive anode structure of the present disclosure can
include: providing an OLED base substrate 1, forming TFT
structures 2 over the base substrate 1, and forming a pla-
narization layer 3 over the TFT structures 2.

[0127] As illustrated herein, one or more drain electrodes
21 can be provided to the TFT structures 2 which can be
electrically connected to the anode layer 4 through one or
more electrical contacts 31.

[0128] With particular reference to FIG. 2B, illustrated
herein is a second sequential stage of manufacturing process
for creating an anode structure, as shown in FIG. 2B, which
includes forming an anode layer 4 over the planarization
layer 3.

[0129] With particular reference to FIG. 2C, this figure
illustrates a third sequential stage of manufacturing process
for creating an anode structure, as shown in FIG. 2C, for
each pixel region 54, the process can include a step of
forming a first groove that passes through the anode layer 4
from an upper or opposing surface of the anode layer 4 from
the pixel defining layer, extending through the anode layer
4 such that the planarization layer 3 is exposed. In this
manner, portions of the anode layer 4 are left behind,
wherein the remaining portions of the anode layer 4 then
define a first anode 5.

[0130] It will be appreciated that a pixel region 54 can be
defined as a horizontal bound area extending vertically
upward and downward from exterior edge portions of a pair
of opposing first anodes 5 having a second anode 6 ther-
ebetween.

[0131] FIG. 2D illustrates a fourth sequential stage of
manufacturing process for creating an anode structure 50, as
shown in FIG. 2D. The process then includes a step of
forming a second anode 6 in the first groove 11 for each pixel
region 54. In some such embodiments, the sheet resistance
of'the second anode 6 can be larger than the sheet resistance
of the first anode 5.

[0132] FIG. 2E illustrates a fifth sequential stage of manu-
facturing process for creating an anode structure, as shown
in FIG. 2E, forming a pixel defining layer 7 that surrounds
the anode layer 4.

[0133] FIG. 2F illustrates a sixth sequential stage of manu-
facturing process for creating an anode structure, as shown
in FIG. 2F, forming an organic functional layer 8 over the
anode layer 4.

[0134] Further, as illustrated in FIG. 2G, the method can
include the step of:
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[0135] forming cathodes 9 over the organic functional
layer 8 so as to form a complete anode structure 50 forming
part of the OLED display substrate.

[0136] In some embodiments, for each pixel region 54, in
the region of the anode layer 4 that is proximal to the side
of the organic functional layer 8, the sheet resistance of the
portion of the anode layer 4 that is proximal to the pixel
defining layer 7 can be smaller than the sheet resistance of
the portion of the anode layer 4 that is opposite from the
pixel defining layer 7, wherein, the abovementioned region
is aregion of the anode layer in horizontal direction, e.g., the
direction that is parallel to the base substrate 1; similarly, the
abovementioned portion is a portion of the anode layer 4 in
vertical direction, e.g., the direction that is perpendicular to
the base substrate 1.

[0137] Further, in implementations, the sheet resistance of
the second anode 6 can provided such that it is larger than
the sheet resistance of the first anode 5, as such, the strength
of the electric current flowing through the second anode 6
will then be smaller than the strength of the electric current
flowing through the first anode 5. Due to the variation in
electric current, the brightness level of the region inside a
pixel corresponding to a second anode 6 is lower than the
brightness level of the region inside a pixel corresponding to
a first anode 5. Further, the sheet resistances of the anodes
can then be configured such that they can be adjusted in
various corresponding regions of a pixel, then by adjusting
the sheet resistances of the anodes the problem of nonuni-
form brightness level caused by nonuniform film formed
inside a pixel region 54 can be effectively solved, thus
leading to an improvement and uniformity of the display
effects associated therewith.

[0138] According to the abovementioned steps, an OLED
display substrate 50 as shown in FIG. 2G is formed, includ-
ing: a base substrate 1; TFT structures 2 provided over the
base substrate 1; a planarization layer 3 provided over the
TFT structures 2; a pixel defining layer and anodes provided
over the planarization layer 3; an organic functional layer 8
provided over the anodes; and cathodes 9 provided over the
organic functional layer 8; for each pixel region 54, the
anodes include: a first anode 5 surrounded by the pixel
defining layer; a first groove 13 that passes through the
portion of the first anode 5 that is opposite from the pixel
defining layer; a second anode 6 provided inside the first
groove; wherein, the sheet resistance of the second anode 6
is larger than the sheet resistance of the first anode 5.
[0139] Wherein, for each pixel region 54, the second
anode 6 is the portion of the anode that is opposite from the
pixel defining layer in the region that is proximal to the side
of the organic functional layer 8, the first anode 5 is the
portion of the anode that is proximal to the pixel defining
layer. The sheet resistance of a second anode 6 is larger than
the sheet resistance of a first anode 5.

[0140] However, in the abovementioned embodiments,
the second anodes 6 are directly in contact with the planar-
ization layer 3, which is necessary due to the sheet resis-
tances of the second anodes 6 being relatively large, as well
as the sheet resistance of the anode layer 4 that includes the
first anodes 5 and the second anodes 6 being relatively large.
These large sheet resistances will then influence the electric
contact of drain electrodes 21 between the TFT structures 2
and the anode layer 4 through the electrical contacts 31.
[0141] In order to reduce the need for such large sheet
resistances, some other embodiments are provided by the
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present disclosure as illustrated in FIG. 4A, FIG. 4B, FIG.
4C, FIG. 4D, FIG. 4E, FIG. 4F and FIG. 4G.

[0142] FIG. 4A is a side cross-sectional view of a first
sequential stage of a manufacturing process for creating an
alternative OLED display substrate 60 which includes an
alternative anode structure according to some other embodi-
ments of the present disclosure.

[0143] Asshown in FIG. 4A, the method of manufacturing
the alternative OLED display substrate can similarly include
the steps of: providing an OLED base substrate 1, forming
TFT structures 2 over the base substrate 1, forming a
planarization layer 3 over the TFT structures 2, wherein, the
drain electrodes 21 of the TFT structures 2 are electrically
connected to the anode layer 4 through the electrical con-
tacts 31; and as shown in FIG. 4B the method can include,
forming an anode layer 4 over the planarization layer 3.
[0144] In the region of the anode layer 4 that is proximal
to the organic functional layer 8, the sheet resistance of the
portion of the anode layer 4 that is proximal to the pixel
defining layer can be smaller than the sheet resistance of the
portion of the anode layer 4 that is opposite from the pixel
defining layer, wherein, the region is a region of the anode
layer 4 in the horizontal direction, e.g., the direction that is
parallel to the base substrate 1; similarly, the portion is a
portion of the anode layer 4 in the vertical direction, e.g., the
direction that is perpendicular to the base substrate 1.
[0145] FIG. 5 is a flow chart of a manufacturing method
of anodes according to some other embodiments of the
present disclosure. As illustrated in FIG. 5, the manufactur-
ing method of the anodes specifically can include the
following steps.

[0146] As shown in FIG. 4C, wherein for each pixel
region 54, forming a second groove in the region of the
anode layer 4 that is opposite from the pixel defining layer,
the depth of the second groove can be smaller than the
thickness of the anode layer 4, the remaining plateau por-
tions of the anode layer 4 which remain then define a
plurality of first anodes 5. In particular, in this case, the first
anodes 5 are formed through a patterning process.

[0147] FIG. 4D is a side cross-sectional view of a fourth
sequential stage of manufacturing process for creating an
anode structure according to some other embodiments of the
present disclosure. As shown in FIG. 4D, for each pixel
region 54, the method can include a step of: forming a
second anode 6 in the second groove.

[0148] FIG. 4E is a side cross-sectional view of a fifth
sequential stage of manufacturing process for creating an
anode structure according to some other embodiments of the
present disclosure. As shown in FIG. 4E, forming a pixel
defining layer 7 that surrounds the anode layer 4.

[0149] FIG. 4F is a side cross-sectional view of a sixth
sequential stage of manufacturing process for creating an
anode structure according to some other embodiments of the
present disclosure. As shown in FIG. 4F, forming an organic
functional layer 8 over the anode layer 4, or in this case over
the remaining first anodes 5.

[0150] Further, as illustrated in a side cross-sectional view
in FIG. 4G, a seventh sequential stage of manufacturing
process for creating an anode structure according to some
other embodiments of the present disclosure can include
forming cathodes 9 over the organic functional layer 8.
[0151] According to the abovementioned steps, an OLED
display substrate 60 as illustrated in FIG. 4G is formed,
including: a base substrate 1; TFT structures 2 provided over
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the base substrate 1; a planarization layer 3 provided over
the TFT structures 2; a pixel defining layer and anodes
provided over the planarization layer 3; an organic func-
tional layer 8 provided over the anodes; and cathodes 9
provided over the organic functional layer 8; for each pixel
region 54, the anodes include a first anode 5 surrounded by
the pixel defining layer; a second groove provided at the
portion of the first anode 5 that is opposite from the pixel
defining layer, the depth of the second groove can be smaller
than the thickness of the first anode 5; a second anode 6
provided in the second groove, wherein, the sheet resistance
of a second anode 6 can be larger than the sheet resistance
of a first anode 5.

[0152] Wherein, for each pixel region 54, the second
anode 6 is the portion of the anode layer 4 that is opposite
from the pixel defining layer 7 in the region that is proximal
to the organic functional layer 8, the first anode 5 is the
portion of the anode layer 4 that is proximal to the pixel
defining layer 7. The sheet resistance of a second anode 6
can then be provided which is larger than the sheet resistance
of a first anode 5.

[0153] Similarly to the embodiment discussed above with
reference to the embodiments illustrated in FIG. 2A, FIG.
2B, FIG. 2C, FIG. 2D, FIG. 2E and FIG. 2F, by adjusting the
sheet resistance of the first anode 5 and the sheet resistance
of the second anode 6 corresponding to different regions of
a pixel, the problem of nonuniform brightness level in a
pixel region 54 caused by the nonuniform film formed in a
pixel region 54 can be effectively solved, an a corresponding
display effect can thus be substantially improved.

[0154] In order to further improve the electric contact
between the drain electrodes 21 of the TFT structures 2 and
the anode layer 4 through the electrical contacts 31 and
reduce the overall sheet resistance of the anode layer 4, as
illustrated in FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E,
FIG. 6F, FIG. 6G and FIG. 6H, additional other embodi-
ments are provided by the present disclosure, e.g., as illus-
trated, which can provide yet another exemplary OLED
display substrate 70 which can include third anodes 10
provided above the second anodes 6, wherein the third
anodes 10 can be provided having relatively low sheet
resistances.

[0155] It will be further appreciated that the TFT struc-
tures 2 are provided within semiconductor and dielectric
layers 23 and 25 wherein the base substrate 1 can be a
nonconductive substrate such as glass. The semiconductor
layer can be provided as silicon, amorphous silicon, micro-
crystalline silicone, annealed polysilicon, cadmium sele-
nide, metal oxides such as zinc oxide, hafnium oxide,
indium tin oxide, etc. or these layers can also be formed
using various organic materials

[0156] With particular reference to, FIG. 6A is a side
cross-sectional view of a first sequential stage of manufac-
turing process for creating an anode structure according to
additional other embodiments of the present disclosure. As
shown in FIG. 6A, providing an OLED base substrate 1,
forming TFT structures 2 over the base substrate 1, and
forming a planarization layer 3 over the TFT structures 2,
wherein, the drain electrodes 21 of the TFT structures 2 are
electrically connected to the anode layer 4 through the
electrical contacts 31. Then, manufacturing an anode layer 4,
which differs from the aforementioned methods is contem-
plated herein, where the process still includes a step of
forming an anode layer 4 over the planarization layer 3.
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[0157] However, in particular, within the region of the
anode layer 4 that is proximal or adjacent to the organic
functional layer 8 can be formed in such a manner that the
sheet resistance of the portion of the anode layer 4 that is
proximal to the pixel defining layer can be smaller than the
sheet resistance of the portion of the anode layer 4 that is
opposite from the pixel defining layer 7, wherein, the region
is a region of the anode layer 4 in a horizontal direction, in
which the region is substantially parallel to the base sub-
strate 1; similarly, the various portions having varying sheet
resistances are defined as portions of the anode layer extend-
ing in a vertical direction, e.g., the direction that is perpen-
dicular to the base substrate 1.

[0158] As illustrated in FIG. 7, the manufacturing method
of the anodes specifically can then include the steps of: as
illustrated in FIG. 6C for each pixel region 54, a step of
forming a first groove 15 that passes through the anode layer
4 at the region of the anode layer 4 that is opposite from the
pixel defining layer such that the planarization layer 3 is
exposed, thus separating a plurality of portions of the anode
layer 4, wherein the remaining portions of the anode layer 4
then define a plurality of a first anodes 5;

[0159] FIG. 6D is a side cross-sectional view of a fourth
sequential stage of manufacturing process for creating an
anode structure according to additional other embodiments
of the present disclosure. As shown in FIG. 6D, for each
pixel region 54, the method then includes a step of forming
a third anode 10 in the first groove, wherein the thicknesses
of the third anode 10 can be smaller than the thicknesses of
the first anode 5, such that a second anode 6 can be formed
over the third anode 10 but remain flush with an upper
surface of the first anode 5.

[0160] FIG. 6E is a side cross-sectional view of a fifth
sequential stage of manufacturing process for creating an
anode structure according to additional other embodiments
of the present disclosure.

[0161] As shown in FIG. 6E, for each pixel region 54,
forming a second anode 6 in the first groove at the side of
the third anode 10 that is proximal to the organic functional
layer 8, wherein, the sheet resistance of the second anode 6
can be larger than the sheet resistance of the first anode 5 and
the third anode 10. Similar to the embodiments described
above, for each pixel region 54, through adjusting the sheet
resistance of the first anode 5, the sheet resistance of the
second anode 6 and the sheet resistance of the third anode 10
corresponding to different regions of the a pixel, the problem
of nonuniform brightness level in a pixel region 54 caused
by nonuniform film formed in a pixel region 54 is solved,
meanwhile, electrical connections between the drain elec-
trodes 21 of the TFT structures 2 and the anode layer 4
through the electrical contacts 31 are improved, the overall
sheet resistance of the anode layer 4 is reduced, and the
display effect is effectively improved.

[0162] For example, in some embodiments the sheet resis-
tance of the first anode can be in the range of 20-100Q,
wherein the sheet resistance of the second anode can be
50-500€2, while the sheet resistance of the third anode can
then be between 10-100Q.

[0163] FIG. 6F is a side cross-sectional view of a sixth
sequential stage of manufacturing process for creating an
anode structure according to additional other embodiments
of the present disclosure. As shown in FIG. 6F, the step can
include forming a pixel defining layer 7 that surrounds the
anode layer 4.
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[0164] As illustrated in FIG. 6G, the method can include
a step of forming an organic functional layer 8 over the
anode layer 4.

[0165] Further, as illustrated in FIG. 6H, the method can
include a step of forming cathodes 9 over the organic
functional layer 8.

[0166] According to the abovementioned steps, an OLED
display substrate 70 as illustrated in FIG. 6H is formed,
including: a base substrate 1; TFT structures 2 provided over
the base substrate 1; a planarization layer 3 provided over
the TFT structures 2; a pixel defining layer and anodes
provided over the planarization layer 3; an organic func-
tional layer 8 provided over the anodes; and cathodes 9
provided over the organic functional layer 8; for each pixel
region 54, the anodes include a first anode 5 surrounded by
the pixel defining layer; a first groove that passes through the
portion of the first anode 5 that is opposite from the pixel
defining layer; a third anode provided in the first groove, the
thickness of the third anode can be smaller than the thickness
of'the first anode 5; a second anode 6 provided inside the first
groove, the second anode 6 is located at the side of the third
anode proximal to the organic functional layer 8; wherein,
the sheet resistance of a second anode 6 is larger than the
sheet resistance of a first anode 5 and the sheet resistances
of a third anode.

[0167] Wherein, for each pixel region 54, the second
anode 6 is the portion of the anodes that is opposite from the
pixel defining layer in the region of the anode layer 4 that is
proximal to the organic functional layer 8, the first anode 5
is the portion of the anodes in the region of the anode layer
4 that is proximal to the pixel defining layer. The sheet
resistance of a second anode 6 is larger than the sheet
resistance of a first anode 5.

[0168] Insomeembodiments, for each pixel region 54, the
sheet resistance of a second anode 6 is greater than the sheet
resistance of a first anode 5, and the sheet resistance of the
first anode 5 is greater than the sheet resistance of a third
anode 10.

[0169] In other words, the sheet resistance of a second
anode 6 is the largest, according to the light emission
principles of OLED components, the electric current flowing
through a second anode 6 is the smallest, therefore, the
brightness level of the portion of a pixel located over a
second anode 6 is the lowest, therefore, the problem of
nonuniform brightness level caused by the fact that the
in-pixel film is thinner in the central region and thicker at the
periphery region can be reduced, therefore, the problem of
nonuniform light emission in a pixel region 54 can be
solved; meanwhile, electric contact between the drain elec-
trodes 21 of the TFT structures 2 and the anode layer 4
through the electrical contacts 31 is improved, the overall
sheet resistance of the anode layer 4 is reduced, the display
effect is effectively improved.

[0170] In another aspect of the present disclosure, accord-
ing to the descriptions in the abovementioned embodiments
of the present disclosure, persons skilled in the art can
understand, the following anode structures is also within the
range of protection of the present disclosure; an OLED
display substrate, including: a base substrate 1; TFT struc-
tures 2 provided over the base substrate 1; a planarization
layer 3 provided over the TFT structures 2; a pixel defining
layer and anodes provided over the planarization layer 3; an
organic functional layer 8 provided over the anodes; and
cathodes 9 provided over the organic functional layer 8;
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wherein, in the region of the anode layer 4 that is proximal
to or adjacent to the organic functional layer 8, the sheet
resistance of the portion of the anodes that is proximal to or
adjacent the pixel defining layer can be smaller than the
sheet resistance of the portion of the anodes that is opposite
from the pixel defining layer.

[0171] In some embodiments, the material of the first
anode 5, second anode 6, and third anode 10 can be
aluminum zinc oxide (AZO), Indium zinc oxide (IZO),
indium tin oxide (ITO) or zinc oxide (ZnO) or any combi-
nation thereof. The first anode 5, the second anode 6, and the
third anode 10 can be made of different material, they can
also be made of same material, however, the oxygen content
of each anode should be different, generally, the higher the
oxygen content, the larger the sheet resistance. In other
words, even when the first anode 5, the second anode 6, and
the third anode 10 are made of the same material, if the
oxygen contents of the anodes are different, the sheet
resistances of the anodes will be different.

[0172] Those of ordinary skill in the art will understand, in
practical applications, they can be designed according to
practical needs, as long as the design principle that the sheet
resistance of a second anode 6 is larger than the sheet
resistance of a first anode 4 and the sheet resistance of a third
anode 10 is satisfied.

[0173] In another aspect of the present disclosure, and as
shown in FIGS. 8A-8C, a display device is provided, includ-
ing the aforementioned OLED display substrate. The display
devices of the present disclosure may be any products or
components that have a display function, for example,
OLED display panels, which can be utilized in display
devices such as mobile phones 100A as illustrated in FIG.
8A, tablets 100B as illustrated in FIG. 8B, laptops 100C as
illustrated in FIG. 8C, or other devices having displays or
monitors, digital frames, or navigators.

[0174] As illustrated in FIGS. 9A-9B, illustrated are two
potential arrangements of the anodes, as illustrated in top
views of the various individual pixels of the OLED display
panels 50A and 50B respectively.

[0175] As illustrated particularly in FIG. 9A, in some
embodiments, the first anode 5 can be formed about a
circumferential portion of the second anode 6 such that the
first anode 5 encompasses the second anode 6, or forms a
ring therearound. Also as illustrated herein the pixel defining
layer 7 can then be provided around the first anode 5 such
as to encompass the first anode entirely. While this structure
is illustrated as rectangular, the circumferential portion can
be virtually any geometric shape wherein the first anode 5
can be annular in shape etc., so as to encompass the second
anode 6.

[0176] In contrast, as illustrated in FIG. 9B, the first anode
5 can be provided as opposing bars which can be located at
opposing edges of the second anode 6, wherein the pixel
defining layer 7 can be provided at distal edges thereof. In
should be appreciated that virtually any arrangement where
the second anode is located within or between the first anode
components are contemplated herein and these arrange-
ments are made for purposes of example only.

[0177] At least some embodiments of the present disclo-
sure can have one or more of the following advantages. For
example, by utilizing the methods and systems of the present
disclosure, the problem of nonuniform display brightness
level caused by the nonuniform film formed in a pixel region
in existing technologies can be mitigated or solved.
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[0178] Further, various embodiments of the present dis-
closure provide an OLED display panel, wherein the hole
injection can be adjusted by means of changing the resis-
tance values of the anodes at different positions so as to
compensate the display brightness level inside the pixel
region, it can then reduce nonuniform in-pixel light emis-
sion, as a result, the display effects of the display panel can
be improved.

[0179] Therefore, in order to improve the light emission
uniformity inside a pixel and reduce the difference in bright-
ness level between the periphery region of a pixel and the
components inside a pixel, anode structures with different
sheet resistance are provided by embodiments of present
disclosure, different sheet resistance values can be provided
for different anode structures to adjust hole injection, as a
result, in-pixel light emission uniformity can be achieved,
the display effect of the display panel can be effectively
improved.

[0180] 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.

[0181] It should also be noted that in the present disclo-
sure, 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.

[0182] Moreover, the terms “include,” “including,” or any
other variations thereof are intended to cover a non-exclu-
sive inclusion such that a process, method, article, or appa-
ratus 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.

[0183] In the case of no more limitation, the element
defined by the 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.

[0184] The foregoing has provided a detailed description
on a display substrate, a display panel and a display device
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 may change the specific implementation manners and
the application scope according to the concepts of the
present disclosure. The contents of this specification there-
fore should not be construed as limiting the disclosure.

[0185] In the descriptions, with respect to unit(s), device
(s), component(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 should
be noted; however, the single or plural forms are not limiting
but rather are for illustrative purposes. Unless it is expressly
stated that a single unit, device, or component etc. is
employed, or it is expressly stated that a plurality of units,
devices or components, etc. are employed, the unit(s),
device(s), component(s), etc. can be singular, or plural.
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[0186] Based on various embodiments of the present dis-
closure, the disclosed apparatuses, devices, and methods
may be implemented in other manners. For example, the
abovementioned display substrates, display panels and dis-
play devices are only of illustrative purposes, and other
types of display substrates, display panels and display
devices can employ the methods disclosed herein.

[0187] Dividing the device into different “regions,”
“units,” or “layers,” etc. merely reflect various logical func-
tions according to some embodiments, and actual imple-
mentations can have other divisions of “regions,” “units,” or
“layers,” etc. realizing similar functions as described above,
or without divisions. For example, multiple regions, units, or
layers, etc. may 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.

[0188] Those of ordinary skill in the art will appreciate
that the units, regions, or layers, etc. in the devices provided
by various embodiments described above can be provided 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 units, regions,
or layers, etc. in various embodiments described above can
be integrated into one module or divided into several sub-
modules.

[0189] The order of the various embodiments described
above are only for the purpose of illustration, and do not
represent preference of embodiments.

[0190] Although specific embodiments have been
described above in detail, the description is merely for
purposes of illustration. It should be appreciated, therefore,
that many aspects described above are not intended as
required or essential elements unless explicitly stated oth-
erwise.

[0191] Various modifications of, and equivalent acts cor-
responding 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 equiva-
lent structures.

1. An organic light-emitting diode (OLED) display sub-

strate comprising:

a base substrate;

one or more thin-film transistor (TFT) structures provided
over the base substrate;

a planarization layer provided over the TFT structures;

anodes provided on an upper surface of the planarization
layer;

a pixel defining layer provided over the planarization
layer defining a plurality of pixel regions, wherein each
anode includes an upper surface being exposed in each
of the pixel regions;

an organic functional layer provided over the anodes; and

a cathode provided over the organic functional layer;

wherein a sheet resistance of the portion of the anodes that
is proximal to the pixel defining layer is smaller than a
sheet resistance of the portion of the anodes that is
opposite from the pixel defining layer.
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2. The OLED display substrate of claim 1, wherein, each
pixel region further comprises:

a central region that is proximal to the pixel defining layer
and a peripheral region that is opposite from the pixel
defining layer;

a first anode provided in the peripheral layer; and

a second anode provided in the central region, wherein, the
sheet resistance of the second anode is larger than the sheet
resistance of the first anode.

3. The OLED display substrate of claim 1, wherein each
pixel region further comprises:

a central region that is proximal to the pixel defining layer
and a peripheral region that is opposite from the pixel
defining layer;

a first anode provided in the pixel region;

a second groove provided at the central region of the first
anode; wherein the depth of the second groove is smaller
than the thickness of the first anode; and

a second anode provided inside the second groove, wherein,
the sheet resistance of the second anode is larger than the
sheet resistance of the first anode.

4. The OLED display substrate of claim 1, wherein each
pixel region further comprises:

a central region that is proximal to the pixel defining layer
and a peripheral region that is opposite from the pixel
defining layer;

a first anode provided in the pixel region;

a first groove that passes through the portion of the first
anode that is in the central region;

a third anode provided inside the first groove, the thick-
nesses of the third anode being smaller than the thicknesses
of the first anode; and

a second anode provided inside the first groove, the second
anode is located at the side of the third anode that is proximal
to the organic functional layer, wherein, the sheet resistance
of the second anode is larger than the sheet resistance of the
first anode and the sheet resistance of the third anode.

5. The OLED display substrate of claim 4, wherein the
sheet resistance of a second anode is greater than the sheet
resistance of a first anode which is greater than the sheet
resistance of a third anode.

6. The OLED display substrate of claim 1, wherein the
first anode is formed about a circumferential portion of the
second anode.

7. The OLED display substrate of claim 1, wherein the
first anode as bars being provided opposing edges of the
second anode.

8. A manufacturing method of an organic light-emitting
diode (OLED) display substrate, the method comprising:

providing a base substrate:

forming a plurality of thin-film transistor (TFT) structures
over the base substrate;

forming a planarization layer over the TFT structures;

forming an anode layer having one or more anodes
provided therein on the planarization layer;

forming a pixel defining layer which surrounds the one or
more anodes within the anode layer over the planar-
ization layer;

wherein a sheet resistance of a portion of the anode layer
that is adjacent to the pixel defining layer is smaller
than a sheet resistance of the portion of the anode layer
that is opposite from the pixel defining layer;
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forming an organic functional layer over the anode layer;

and

forming one or more cathodes over the organic functional

layer.

9. The method of claim 8, wherein each pixel region
further comprises a central region that is proximal to the
pixel defining layer and a peripheral region that is opposite
from the pixel defining layer;

wherein for each pixel region, in a region that is adjacent

to the side of the organic functional layer, wherein the
sheet resistance of a portion of the anode layer that is
adjacent to the pixel defining layer is smaller than the
sheet resistance of a portion of the anode layer that is
opposite from the pixel defining layer; and wherein the
method further comprises:

forming a first groove that passes through the anode layer

in a central region of the anode layer being opposite
from the pixel defining layer such that the planarization
layer is exposed, wherein the remaining anode layer
thus defines a first anode; and

forming a second anode in the first groove, wherein the

sheet resistance of the second anode is larger than the
sheet resistance of the first anode.

10. The method of claim 8, wherein each pixel region
further comprises a central region that is proximal to the
pixel defining layer and a peripheral region that is opposite
from the pixel defining layer;

wherein for each pixel region, the anode layer is located

in a region that is adjacent to the side of the organic
functional layer, wherein the sheet resistance of a
portion of the anode layer that is adjacent to the pixel
defining layer is smaller than the sheet resistance of a
portion of the anode layer that is opposite from the
pixel defining layer; and

wherein the method further comprises:

forming a second groove at the region of the anode layer

that is opposite from the pixel defining layer, wherein
the depth of the second groove is smaller than the
thickness of the anode layer, wherein the remaining
anode layer is a first anode; and

forming a second anode in the second groove, wherein the

sheet resistance of the second anode is larger than the
sheet resistance of the first anode.

11. The method of claim 8, wherein each pixel region
further comprises a central region that is proximal to the
pixel defining layer and a peripheral region that is opposite
from the pixel defining layer;

wherein for each pixel region, the anode layer is located

in a region that is adjacent to the side of the organic
functional layer;
wherein the sheet resistance of a portion of the anode
layer that is proximal to the pixel defining layer is
smaller than the sheet resistance of a portion of the
anode layer that is opposite from the pixel defining
layer; and
the method further comprises:
forming a first groove that passes through the anode layer
at the region of the anode layer that is opposite from the
pixel defining layer such that the planarization layer is
exposed, the remaining anode layer is a first anode;

forming a third anode in the first groove, the thickness of
the third anode is smaller than the thickness of the first
anode; and
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forming a second anode in the first groove at the side of
the third anode that is proximal to the organic func-
tional layer, wherein the sheet resistance of the second
anode is larger than the sheet resistance of the first
anode and the sheet resistance of the third anode.

12. The method of claim 11, wherein the sheet resistance
of a second anode is greater than the sheet resistance of a
first anode; and wherein the sheet resistance of the first
anode is greater than the sheet resistance of a third anode.

13. An organic light-emitting diode (OLED) display panel
comprising:

a base substrate having an upper surface and a lower

surface;

one or more thin-film transistor (TFT) structures provided
on the upper surface of the base substrate;

a planarization layer provided over the TFT structures, the
planarization layer having an upper surface and a lower
surface, the lower surface of the planarization layer
facing the upper surface of the base substrate;

a plurality of first anodes provided on the upper surface of
the planarization layer;

a groove provided between at least two of the plurality of
first anodes;

one or more second anodes provided within the groove;

a pixel defining layer provided over the planarization
layer and encompassing an edge portion of the one or
more anodes leaving a portion of a top surface of each
anode exposed;

an organic functional layer provided over the one or more
anodes on the portion of the top surface of each anode
exposed from the pixel defining layer; and

one or more cathodes provided over the organic func-
tional layer.

14. The OLED display panel of claim 13, wherein the
groove extends the full height of the one or more first anodes
and exposes the planarization layer below the first anode
from a top side thereof.

15. The OLED display panel of claim 13, further com-
prising a third anode also provided within the groove.

16. The OLED display panel of claim 15, wherein a
combined thickness of the second and third anode is equal
to a thickness of the first anode.

17. The OLED display panel of claim 14, wherein the
third anode is below the second anode, and wherein an upper
surface of the second anode is flush with an upper surface of
the first anode.

18. (canceled)

19. The OLED display panel of claim 13, wherein the
groove extends less than a full height of the one or more first
anodes and wherein a portion of material forming the first
anode completely covers the upper surface of the planariza-
tion layer below the first anode from a top side thereof.

20. The OLED display panel of claim 18, further com-
prising a third anode also provided within the groove,
wherein an upper surface of the second anode is flush with
an upper surface of the first anode, the first anode is formed
about a circumferential portion of the second anode, and the
first anode is formed at opposing edges of the second anode.

21. (canceled)

22. (canceled)

23. (canceled)
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24. An OLED display device, wherein the display device
is provided as a smart device, a mobile phone, or a laptop
computer, the display device comprising the OLED display
panel of claim 1.



