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7) ABSTRACT

The present disclosure relates to a method of manufacturing
an Organic Light-Emitting Diode (OLED) display substrate
and the manufactured OLED display substrate. The method
comprises: forming an auxiliary electrode and an insulating
layer sequentially on a base substrate; forming at least one
via in the insulating layer, the via exposing at least a portion
of the auxiliary electrode; forming an organic light-emitting
layer on the insulating layer; injecting a conductive liquid
into the via; curing the conductive liquid and electrically
connecting the cured conductive liquid to the auxiliary
electrode; and forming a first electrode layer on the organic
light-emitting layer, and electrically connecting the first
electrode layer to the auxiliary electrode through the cured
conductive liquid in the via.

L —— 1 200

O '_‘ﬁ ‘z.’b‘

L E

50
430

..‘-#

—10

7 / 7

40 21 62 51

\\
AN

71 31 72 52 \22 82



Patent Application Publication  Jul. 16,2020 Sheet 1 of 7 US 2020/0227672 Al

S11 .

S12-.

S13

514 .

S15 -

516 -

forming an auxiliary electrode and an insulating layer
sequentially on a base substrate

|

forming at least one via in the insulating layer, the via
exposing at least a portion of the auxiliary electrode

|

“-. forming an organic light-emitting layer on the insulating layer

|

injecting a conductive liquid into the via

|

curing the conductive liquid and electrically connecting the
cured conductive liquid to the auxiliary electrode

e auxiliary electrode through the cured conductive liquid in

¥
forming a first electrode layer on the organic light-emitting
layer, and electrically connecting the first electrode layer to

the via
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METHOD OF MANUFACTURING ORGANIC
LIGHT-EMITTING DIODE DISPLAY
SUBSTRATE, DISPLAY SUBSTRATE AND
DISPLAY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the rights of the
Chinese Patent Application No. 201710387570.4 filed on
May 26, 2017 to the State Intellectual Property Office, the
disclosure of which is hereby incorporated by reference in
its entirety.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure relate to a
field of display technologies, and particularly to a method of
manufacturing an Organic Light-Emitting Diode (OLED)
display substrate, the manufactured OLED display substrate,
and a display apparatus comprising the display substrate.

BACKGROUND

[0003] In an OLED display device, the OLED device
gradually changes from a bottom emission manner to a top
emission manner due to the requirements of increasing a
resolution and extending a lifetime of the device. However,
an OLED top emission cathode has a high light transmit-
tance, which, however, will cause a cathode material block
to have a large resistance and cannot balance problems of a
cathode voltage drop (IR drop) and a light transmittance.
Accordingly, the voltage drop (IR drop) of electrodes in the
OLED device needs to be improved.

SUMMARY

[0004] According to one aspect of the present disclosure,
a method of manufacturing an OLED display substrate is
provided, comprising:

[0005] forming an auxiliary electrode and an insulating
layer sequentially on a base substrate;

[0006] forming at least one via in the insulating layer,
the via exposing at least a portion of the auxiliary
electrode;

[0007] forming an organic light-emitting layer on the
insulating layer;

[0008] injecting a conductive liquid into the via;

[0009] curing the conductive liquid and electrically
connecting the cured conductive liquid to the auxiliary
electrode; and

[0010] forming a first electrode layer on the organic
light-emitting layer, and electrically connecting the first
electrode layer to the auxiliary electrode through the
cured conductive liquid in the via.

[0011] According to one embodiment of the present inven-
tion, the organic light-emitting layer comprises a portion
formed in the via.

[0012] According to one embodiment of the present inven-
tion, the injecting a conductive liquid into the via comprises:
injecting conductive liquid drops into the via by an inkjet
printing process to penetrate the organic light-emitting layer.
[0013] According to one embodiment of the present inven-
tion, the conductive liquid has a temperature of about 50° C.
to 300° C.
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[0014] According to one embodiment of the present inven-
tion, the conductive liquid drops have a material of an alloy,
and the alloy has a melting point of about 50° C. to 300° C.
[0015] According to one embodiment of the present inven-
tion, the conductive liquid drops have a material of a solder,
and the solder has a melting point of about 50° C. to 300°
C.

[0016] According to one embodiment of the present inven-
tion, a conductive layer is formed on the base substrate, and
patterns of the auxiliary electrode and the conductive layer
are formed by a one-patterning process.

[0017] According to one embodiment of the present inven-
tion, the pattern of the conductive layer is one of a gate line
pattern, a data line pattern and a pixel electrode pattern.
[0018] According to one embodiment of the present inven-
tion, the insulating layer comprises a pixel defining layer,
and vias for defining pixel units and the via for exposing at
least a portion of the auxiliary electrode are formed in the
pixel defining layer by the one-patterning process.

[0019] According to one embodiment of the present inven-
tion, orthographic projections of the vias for defining the
pixel units and the via for exposing at least a portion of the
auxiliary electrode do not overlap on the base substrate.
According to one embodiment of the present invention, the
insulating layer comprises a pixel defining layer and a
planarization layer, and the via penetrates the pixel defining
layer and the planarization layer.

[0020] According to one embodiment of the present inven-
tion, the insulating layer comprises a pixel defining layer, a
planarization layer, a passivation layer and a gate insulating
layer, and the via penetrates the pixel defining layer, the
planarization layer, the passivation layer and the gate insu-
lating layer.

[0021] According to one embodiment of the present inven-
tion, a distribution density of the vias close to a center of the
display substrate is greater than that of the vias close to an
edge of the display substrate.

[0022] According to one embodiment of the present inven-
tion, the auxiliary electrode is in a shape of a bar, and is
parallel to a gate line or a data line.

[0023] According to one embodiment of the present inven-
tion, the first electrode layer is a cathode layer.

[0024] The second aspect of the present invention pro-
vides an OLED display substrate, comprising: a base sub-
strate; an auxiliary electrode on the base substrate; an
insulating layer on the auxiliary electrode;

[0025] an organic light-emitting layer on the insulating
layer; and a first electrode on the organic light-emitting
layer, wherein there is at least one via in the insulating
layer, and there is a cured conductive element in the
via, the auxiliary electrode is electrically connected to
the first electrode through the conductive element in the
via.

[0026] According to one exemplary embodiment of the
present invention, a distribution density of the vias close to
a center of the display substrate is greater than that of the
vias close to an edge of the display substrate.

[0027] According to one exemplary embodiment of the
present invention, the auxiliary electrode is in a shape of a
bar, and is parallel to a gate line or a data line.

[0028] According to one exemplary embodiment of the
present invention, the first electrode is a cathode.
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[0029] An embodiment of the third aspect of the present
invention provides a display apparatus, comprising the dis-
play substrate of respective embodiments of the aforemen-
tioned second aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 11is a flowchart of a method of manufacturing
an OLED display substrate according to one embodiment of
the present disclosure.

[0031] FIGS. 2a-2d are schematic diagrams illustrating a
procedure of a method of manufacturing an OLED display
according to one embodiment of the present disclosure.

[0032] FIG. 3 illustrates a plan schematic diagram of an
array substrate according to one embodiment of the present
disclosure.

[0033] FIGS. 4a-4m are diagrams of a procedure of manu-
facturing a specific OLED display according to one embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0034] In order to more clearly illustrate the purpose,
technical solutions and advantages of the present disclosure,
the embodiments of the present disclosure will be described
in detail below with reference to the accompanying draw-
ings. Obviously, the described embodiments are a part of the
embodiments of the present disclosure rather than all of the
embodiments. It should be understood that the following
description of the embodiments is intended to explain and
illustrate the general inventive concept of the disclosure and
should not be construed as limiting the disclosure. In the
description and drawings, the same or similar reference
numerals refer to the same or similar parts or components.
For clarity, the drawings are not necessarily drawn to scale.

[0035] Unless otherwise defined, technical terms or sci-
entific terms used herein have the general meaning as
understood by those skilled in the art to which the disclosure
belongs. The terms such as “first”, “second” or the like used
in the disclosure does not indicate any order, quantity or
importance, and are merely used to distinguish different
components. The terms such as “including”, “comprising”
or the like means that the presence of an element or item
preceding the word encompasses elements or items listed
after the word and equivalents thereof, without excluding
other elements or items. The terms such as “connecting”,
“coupling” or the like are not limited to physical or mechani-
cal connections, but may comprise electrical connections,
whether directly or indirectly. The terms such as “Up”,
“Down”, “Left”, “Right”, “Top”, “Bottom” or the like are
only used to indicate the relative positional relationship.
After the absolute position of the described object is
changed, the relative positional relationship may also be
changed accordingly. When an element such as a layer, a
film, a region or a substrate is referred to as being “above”
or “under” another element, it can be directly “on” or
“below” another element, or there may be intermediate
elements.

[0036] With respect to the problem existing in the prior art,
an embodiment of the present disclosure provides a method
of manufacturing an OLED display substrate, which is
capable of effectively connecting a cathode layer to an
auxiliary electrode through a conductive element, reducing
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a cathode voltage drop of the top emission OLED display
substrate, and facilitating the manufacture of a large-size
display screen.

[0037] The method of manufacturing the OLED display
substrate according to the embodiment of the present dis-
closure comprises: firstly, forming an auxiliary electrode and
an insulating layer having at least one via sequentially on a
base substrate, the via exposing at least one portion of the
auxiliary electrode; next, forming an organic light-emitting
layer on the insulating layer; thereafter, injecting a conduc-
tive liquid into the via, curing the conductive liquid and then
electrically connecting the cured conductive liquid to the
auxiliary electrode; then, forming a cathode layer on the
organic light-emitting layer, and electrically connecting the
cathode layer to the auxiliary electrode through the cured
conductive liquid in the via.

[0038] According to the aforementioned method of manu-
facturing the OLED display substrate, it may effectively
reduce a voltage drop of the cathode layer and facilitate the
manufacture of a large-size display screen by injecting the
conductive liquid into the via above the auxiliary electrode,
curing the conductive liquid and then electrically connecting
the cured conductive liquid to the auxiliary electrode; then,
forming a cathode layer on the organic light-emitting layer,
and electrically connecting the cathode layer to the auxiliary
electrode through the cured conductive liquid in the via.

[0039] In a case where the organic light-emitting layer is
manufactured prior to a transparent cathode, the organic
light-emitting layer may sometimes preferentially enter the
via above the auxiliary electrode before the transparent
cathode is manufactured. These organic light-emitting layer
materials may prevent the transparent cathode from contact-
ing the auxiliary electrode, which makes it impossible to
electrically connect the transparent cathode to the auxiliary
electrode. According to some embodiments of the present
disclosure, the injected conductive liquid, e.g., a liquid
ejected at a high speed or a high-temperature liquid, may
damage the organic light-emitting layer in the via above the
auxiliary electrode, such that the auxiliary electrode is able
to be effectively electrically connected to the cathode.

[0040] FIG. 11is a flowchart of a method of manufacturing
the OLED display substrate according to one embodiment of
the present disclosure.

[0041] As shown in FIG. 1, the method of manufacturing
the OLED display substrate according to one embodiment of
the present disclosure comprises the following steps:

[0042] S11: forming an auxiliary electrode and an insu-
lating layer sequentially on a base substrate.

[0043] S12: forming at least one via in the insulating layer,
the via exposing at least a portion of the auxiliary electrode.

[0044] The base substrate may be made of an alkali glass.
The auxiliary electrode may be manufactured on the base
substrate by a sputtering process. A material of the auxiliary
electrode may be, e.g. various metal materials for manufac-
turing wires, which comprise but are not limited to, Au, Ag,
Cu, Al, Cr, Mo, an alloy or the like. A material of the
insulating layer may be, e.g. SiO2, SiN, SiON or a mixed
material thereof. According to one example, the insulating
layer may be formed on the auxiliary electrode by a chemi-
cal vapor deposition process, and the insulating layer may be
patterned by a photolithography process to form the via in
the insulating layer. According to another example, the via
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may be formed in the insulating layer by etching the
insulating layer with the dry method. The present disclosure
makes no limits thereto.

[0045] S13: forming an organic light-emitting layer on the
insulating layer. The organic light-emitting layer may com-
prise a hole injection layer, a hole transport layer, an
electroluminescent layer, an electron transport layer, an
electron injection layer and the like. Materials of the various
layers in the organic light-emitting layer may be deposited
layer by layer by using a evaporation process.

[0046] S14: injecting a conductive liquid into the via.
[0047] S15: curing the conductive liquid and electrically
connecting the cured conductive liquid to the auxiliary
electrode. The conductive liquid is, e.g. a conductive alloy
or a solder in a molten state. The conductive liquid directly
contacts the auxiliary electrode below the organic light-
emitting layer by break downing or damaging the organic
light-emitting layer with, e.g. a gravity or a high-tempera-
ture, so as to form a conductive connection with the auxil-
iary electrode.

[0048] S16: forming a first electrode layer on the organic
light-emitting layer, and electrically connecting the first
electrode layer to the auxiliary electrode through the cured
conductive liquid in the via. In particular, the first electrode
layer 1s a cathode layer, for example, the cathode layer may
be made of a metal oxide material having a high light
transmittance, e.g. one or any combination of 1TO, 170,
Zn0, InO, IGO and AZO, to which no limits are made by the
embodiment of the present disclosure. A cathode material
may be deposited above the organic light-emitting layer by
the sputtering process or the evaporation process. No limits
are made herein.

[0049] According to the method of manufacturing the
OLED display substrate of the aforementioned embodiment,
it may effectively reduce a voltage drop of the cathode layer
and facilitate the manufacturing of a large-size display
screen by injecting the conductive liquid into the via to
penetrate the organic light-emitting layer in the via, and
curing the liquid and then electrically connecting the cured
liquid to the auxiliary electrode; then, electrically connect-
ing the cathode layer to the auxiliary electrode through the
cured conductive liquid.

[0050] According to an exemplary embodiment of the
present disclosure, in the aforementioned step S14, the
injecting a conductive liquid into the via may comprise:
ejecting conductive liquid drops into the via by an inkjet
printing process. The inkjet printing may be employed to
rapidly inject the conductive liquid drops into the via above
the auxiliary electrode, and damage the organic light-emit-
ting layer in the via, to achieve a conductive contact of the
auxiliary electrode and the cathode. The inkjet printing has
advantages such as a simple operation, a low cost, an exact
location, a high efliciency, an easily-realized large size and
the like.

[0051] Those skilled in the art may conceive that, it is also
possible to inject the conductive liquid into the via by other
method, as long as the conductive liquid can be enabled to
penetrate the organic light-emitting layer, thereby imple-
menting an electrical connection of the auxiliary electrode to
the cathode above the auxiliary electrode.

[0052] According to one embodiment, when the conduc-
tive liquid drops are ejected into the via by using the inkjet
printing process, the ejected liquid drops have a temperature
of above 50° C., e.g. 50° C. to 300° C. A material of the
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organic light-emitting layer has a melting point of about 50°
C. When the e¢jected liquid drops have a temperature of
above 50° C., the material of the organic light-emitting layer
may be molten and penetrated, and the conductive liquid
drops can directly contact the auxiliary electrode below the
organic light-emitting layer. Furthermore, considering the
compatibility with the inkjet printing process, the tempera-
ture of the ejected liquid drops should be lower than 300° C.,
such that the inkjet printing can be conveniently imple-
mented.

[0053] For example, a material of the liquid drops ejected
in the inkjet printing process may be a material of an alloy,
e.g. an alloy of Ba, Tin, Pb, In and the like. The alloy has a
melting point of, e.g. 50° C. to 300° C., so as to be able to
melt the material of the organic light-emitting layer below
and to be easy to form the conductive liquid.

[0054] According to another embodiment, the material of
the liquid drops ejected in the inkjet printing process may be
a solder, e.g. a brazing solder, which has a melting point of,
e.g. 50° C. to 300° C., so as to be able to melt the organic
light-emitting layer material below and to be easy to form
the conductive liquid.

[0055] FIGS. 2a-2d are schematic diagrams illustrating a
principle of the method of manufacturing an OLED display
according to one embodiment of the present disclosure.
[0056] FIG. 2q illustrates a schematic diagram of a sec-
tional structure of the OLED display substrate prior to the
inkjet printing. As shown in FIG. 2a, prior to the inkjet
printing, the OLED display substrate comprises: a base
substrate 1, an auxiliary electrode 2 on the base substrate,
and an insulating layer 3 on the auxiliary electrode 2. There
is at least one via 35 in the insulating layer 3. The via 35 are
filled with the organic light-emitting layer 4. In such a state,
when a cathode layer is subsequently deposited, the cathode
layer is deposited above the organic light-emitting layer 4 in
the via 35. The organic light-emitting layer 4 is nonconduc-
tive, and may block an electrical connection of the cathode
and the auxiliary electrode 2. Accordingly, the auxiliary
electrode 2 cannot serve a function of reducing a voltage
drop of the cathode. Therefore, the organic light-emitting
layer 4 must be removed from the via 35, such that the
auxiliary electrode 2 can be electrically connected to the
cathode.

[0057] An embodiment of the present disclosure provides
a method of removing the organic light-emitting layer 4
rapidly from the via by the inkjet printing. FIG. 24 illustrates
a state in which the liquid drops have not yet entered the via
35 above the auxiliary electrode 2 during the inkjet printing
process. As shown in FIG. 24, the conductive liquid drops 36
are ejected into the via 35 by an inkjet printer. The employed
inkjet printer is, e.g. a commercial Micro LAB JET 4™
inkjet printer. The conductive liquid drops 36 penetrate the
organic light-emitting layer 4 by means of, e.g. a gravity or
an ejection impact, to contact the auxiliary electrode 2 below
the organic light-emitting layer 4.

[0058] FIG. 2¢ illustrates a state in which the liquid drops
36 have entered the via 35 and have damaged the organic
light-emitting layer 4 so as to directly contact the auxiliary
electrode 2. The ejected liquid drops are made of a conduc-
tive material. Accordingly, the liquid drops 36 are cured in
the via 35 to form an conductive element which electrically
contacts the auxiliary electrode 2.

[0059] Note that, it is necessary to print the conductive
liquid drops 36 only in the via for connecting the auxiliary
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electrode 2 to the cathode, and it is not necessary to print the
the conductive liquid drops 36 in the vias at the remaining
locations in the OLED display substrate, e.g. the vias 45 for
forming pixels. Furthermore, although FIG. 2¢ illustrates a
state in which the conductive liquid drops 36 replace the
organic light-emitting layer in the via 35, it is not necessary
to completely remove the organic light-emitting layer 4, as
long as the conductive liquid drops break down the organic
light-emitting layer 4.

[0060] Thereafter, as shown in FIG. 2d, one transparent
conductive layer, e.g. an ITO layer, is deposited above the
organic light-emitting layer 4 by, e.g. the sputtering process,
and is etched to form a cathode 5. At this time, the organic
light-emitting layer in the via 35 has been damaged, and has
been partially replaced with the conductive element 37.
Therefore, the cathode 5 may be electrically connected to the
auxiliary electrode 2 through the conductive element 37 in
the via 35. The OLED display substrate as manufactured by
the aforementioned method effectively connects the cathode
layer to the auxiliary electrode through the conductive
element, which may effectively reduce a voltage drop of the
cathode and facilitate the manufacturing of a large-size
display screen.

[0061] According to one exemplary embodiment, high-
temperature conductive liquid drops may be ejected into the
via 35. Because the material of the organic light-emitting
layer has a low melting point of, e.g. about 50° C., the
high-temperature conductive liquid drops may melt and
damage the organic light-emitting layer 4 in the via 35. For
example, the liquid drops may have a temperature of above
50° C., e.g. 50° C. to 300° C. Optionally, the liquid drops
may have a temperature of 100° C. Optionally, the liquid
drops may have a temperature of 50° C. to 100° C., or 100°
C. to 300° C.

[0062] As an example, a material of the liquid drops as
ejected in the inkjet printing process may be a material of an
alloy, e.g. an alloy of Ba, Tin, Pb, In and the like. The alloy
may selectively have a melting point of, e.g. 50° C. to 300°
C., which facilitates melting the material of the organic
light-emitting layer, and it is easy for the alloy to form a
conductive liquid.

[0063] According to another example, a material of the
liquid drops as ejected in the inkjet printing process may also
be a solder. It is possible to select a solder having a melting
point of 50° C. to 300° C., e.g. Tin-Pb solder.

[0064] An embodiment of another aspect of the present
disclosure further provides an OLED display substrate
manufactured by using the aforementioned method. As
shown in FIG. 2d, the manufactured OLED display substrate
comptises: a base substrate 1; an auxiliary electrode 2 on the
base substrate 1; an insulating layer 3 on the auxiliary
electrode 2; an organic light-emitting layer 4 on the insu-
lating layer 3; and a cathode 5 on the organic light-emitting
layer. There is at least one via 35 for connecting the auxiliary
electrode 2 to the cathode 5 in the insulating layer 3. In the
via 35, there is a conductive element 37 through which the
auxiliary electrode 2 is electrically connected to the cathode
5.

[0065] The conductive element 37 is formed by injecting
a conductive liquid into the via in the insulating layer 3 and
then curing the conductive liquid. During the injection of the
conductive liquid, the organic light-emitting layer 4 for
connecting the auxiliary cathode 2 to the cathode 5 is
damaged, such that the cured conductive liquid directly
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contacts the auxiliary electrode 2 below the organic light-
emitting layer. Thus, the cathode 5 is electrically connected
to the auxiliary electrode 2 through the conductive element
37 in the via 35, which achieves a purpose of reducing a
voltage drop of the cathode 5 and facilitates the manufac-
turing of a large-size display screen.

[0066] In the aforementioned embodiment, only a portion
of the structure of the OLED display substrate is schemati-
cally illustrated to explain the embodiment of the present
disclosure. In an actual OLED display substrate, the base
substrate 1 as shown in FIGS. 2a-2d may be a portion of the
structure of an array substrate, e.g. a glass substrate in the
array substrate, or any portion of the structure in the array
substrate below the conductive layer. The auxiliary electrode
2 may be located in the conductive layer of the array
substrate 1. The conductive layer is, e.g. a metal layer.

[0067] Specifically, the metal layer may be a metal layer
in which a gate line, a data line or a pixel electrode are
located. The gate line may be located on the same layer as
a gate of a thin film transistor. The data line may be located
on the same layer as a source and a drain of the thin film
transistor. The pixel electrode may be an anode of the OLED
display device. In this way, it is not necessary to add any
additional conductive layer or metal layer in the array
substrate, which facilitates the reduction of a thickness of the
display device and simplifies the structure of the display
device. Moreover, the auxiliary electrode may be manufac-
tured while the gate line, the data line or the pixel electrode
is manufactured, without adding any additional manufactur-
ing process, such that the manufacturing process is simpli-
fied.

[0068] When the auxiliary electrode is located in the metal
layer in which the gate line is located, the auxiliary electrode
and the gate line of the array substrate may be formed by a
one-patterning process. The auxiliary electrode and the gate
line may be formed by, e.g. using the same metal material
which comprises, but is not limited to, for example, Au, Ag,
Cu, Al, Cr, Mo, an alloy and the like. No limits are made
herein. In this way, the auxiliary electrode may be manu-
factured while the gate line of the array substrate is manu-
factured, without adding any additional manufacturing pro-
cess, such that the manufacturing process is simplified.

[0069] Similarly, when the auxiliary electrode is located in
the metal layer in which the data line is located, the auxiliary
electrode and the data line of the array substrate may be
formed by the one-patterning process. The auxiliary elec-
trode and the data line may be formed by, e.g. using the same
metal material which comprises, but is not limited to, for
example, Au, Ag, Cu, Al, Cr, Mo, an alloy and the like. No
limits are made herein. In this way, the auxiliary electrode
may be manufactured while the data line of the array
substrate is manufactured, without adding any additional
manufacturing process, such that the manufacturing process
is simplified.

[0070] Similarly, when the auxiliary electrode s located in
the conductive layer in which the pixel electrode is located,
the auxiliary electrode and the pixel electrode of the array
substrate may be formed by the one-patterning process. A
material of the pixel electrode comprises, but is not limited
to, for example, Au, Ag, Cu, Al, Cr, Mo, an alloy and the
like, as well as ITO and the like. No limits are made herein.
In this way, the auxiliary electrode may be manufactured
while the pixel electrode of the array substrate is manufac-
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tured, without adding any additional manufacturing process,
such that the manufacturing process is simplified.

[0071] According to one specific embodiment, the insu-
lating layer above the auxiliary electrode may be a pixel
defining layer. At this time, the via for exposing the auxiliary
electrode is formed while the vias for defining pixel units are
formed in the pixel defining layer. In this way, the vias for
defining the pixel units and the via for connecting the
auxiliary electrode to the cathode can be manufactured by
the same one-patterning process, e.g. the photolithography
process, without adding any additional manufacturing pro-
cess, such that the manufacturing process is simplified.
[0072] According to another embodiment, the insulating
layer above the auxiliary electrode may be a gate insulating
layer and a planarization layer. The gate insulating layer is
an insulating layer located above a gate, and the planariza-
tion layer is an insulating layer located above the source and
the drain of the thin film transistor. At this time, the via for
connecting the auxiliary electrode to the cathode needs to
penetrate the gate insulating layer and the planarization
layer. For example, it is possible to form the gate insulating
layer and the planarization layer and then etch the formed
gate insulating layer and the planarization layer with the dry
method, to integrally form the via for penetrating the two
layers.

[0073] According to another embodiment, the insulating
layer above the auxiliary electrode may be a planarization
layer. At this time, the via for connecting the auxiliary
electrode to the cathode only needs to penetrate the pla-
narization layer. Therefore, it is possible to form the pla-
narization layer and then etch the formed planarization layer
with the dry method to form the via in the planarization
layer, so as to connect the auxiliary electrode to the cathode.
[0074] Optionally, it is possible to provide one via for
connecting the auxiliary electrode to the cathode corre-
sponding to each pixel. Alternatively, it is possible to pro-
vide one via for connecting the auxiliary electrode to the
cathode corresponding to a plurality of pixels. The vias may
be provided in the entire array substrate uniformly or
non-uniformly.

[0075] For a large-size display panel, since a drive circuit
is provided at an edge portion of the array substrate, a
cathode voltage drop close to a central portion of the array
substrate has a large loss, and a cathode voltage drop at the
edge portion of the array substrate has a small loss. There-
fore, according to one embodiment, a distribution density of
the vias for connecting the auxiliary electrode to the cathode
which are close to a center of the array substrate is set to be
greater than that of the vias close to the edge of the array
substrate. In this way, more auxiliary electrodes are intro-
duced by the vias at the central portion of the array substrate,
which can avoid an abnormal pixel display caused by an
excessively large loss of the drop voltage at the center of the
array substrate.

[0076] FIG. 3 illustrates a plan schematic diagram of the
array substrate according to one embodiment of the present
disclosure. In particular, for clarity, only switch transistors T
are illustrated, and the other elements for use in the array
substrate of the OLED display device which are known in
the art, such as drive transistors, capacitors and the like, are
not repeatedly described herein. As shown in FIG. 3, for an
array substrate comprising 4x4 pixel units, the 2x2 pixel
units close to the center of the array substrate may be
provided with more vias, and the other pixel units close to
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the edge of the array substrate may be provided with less
vias. Specifically, the number of the vias H for connecting
the auxiliary electrode 22 to the cathode in each of the pixel
units at row 2, column 2; row 2, column 3; row 3, column
2; and row 3, column 3 close to the center of the array
substrate is set as three, and the number of the vias H in the
other pixel units close to the edge of the array substrate is set
as one.

[0077] Alternatively, according to another embodiment, in
a partial region close to the center of the array substrate, each
of the pixel units is provided with one via, and in a partial
region close to the edge of the array substrate, a plurality of
pixel units are provided with one via. The closer the vias are
to the center of the array substrate, the greater the distribu-
tion density of the vias.

[0078] According to a specific structure of the display
device and a specific location of the auxiliary electrode, the
insulating layer may be one or more of a gate insulating
layer, a passivation layer, a pixel defining layer and a
planarization layer. The vias may be vias which penetrate the
respective one or more insulating layers, for electrically
connecting the auxiliary electrode to the cathode.

[0079] To conveniently manufacture the auxiliary elec-
trode, the auxiliary electrode 22 may be in a shape of a bar,
and is parallel to a gate line G or a data line D. FIG. 3
illustrates a case in which the auxiliary electrode 22 is
parallel to the gate line G In addition, in order not to affect
an opening ratio of pixels, the auxiliary electrode may be
formed in gaps between the pixels.

[0080] The method of manufacturing the OLED display
substrate of the aforementioned embodiment of the present
disclosure may be applied to the manufacture of either a top
gate OLED display or a bottom gate OLED display. The
present disclosure makes no limits thereto.

[0081] With reference to FIGS. 4a-4m, an OLED display
having a bottom gate structure is taken as an example to
explain a specific process of manufacturing the OLED
display substrate according to the method of the present
disclosure as well as the formed display substrate. Those
skilled in the art should understand that, the method of the
present disclosure may be also applied to the manufacturing
of a bottom gate OLED display.

[0082] First of all, a substrate 10 is provided. The substrate
10 may be made of, e.g. an alkali-free glass. The present
disclosure makes no limits thereto.

[0083] Next, a thin film transistor (TFT) is formed on the
substrate 10. A bottom gate structure is taken as an example,
as shown in FIG. 4a, a first metal layer is deposited above
the substrate 10, and the first metal layer is patterned by, e.g.
the etching process, to form a gate 21 and an auxiliary
electrode 22. For example, a material of the gate metal
material layer may be conductive metals such as Mo, Cu and
the like. No limits are made herein. A gate line may be
formed while the gate 21 and the auxiliary electrode 22 are
formed by patterning the first metal layer. That is, by
patterning the same metal layer with the same patterning
process, the gate 21, the auxiliary electrode 22 and the gate
line 23 may be formed at the same time.

[0084] It should be noted that, to make the accompanying
drawings clearer, the gate line 23 is omitted in the following
FIGS. 4b-d4m, such that those skilled in the art can under-
stand the embodiments of the present disclosure more easily.
[0085] Next, as shown in FIG. 4b, a gate insulating layer
30 is laid above the gate 21 and the auxiliary electrode 22,
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and the gate insulating layer 30 is patterned by, e.g. the
photolithography process, to form a first via 31 in the gate
insulating layer 30. The first via 31 is used for connecting the
cathode of the OLED display substrate to the auxiliary
electrode 22. A material of the gate insulating layer may be,
e.g. gate insulating materials in the art, such as SiO, SiON
and the like. No limits are made herein.

[0086] As shown in FIG. 4¢, a semiconductor layer is
deposited above the gate insulating layer 30 and is patterned
to form a semiconductor active layer 40 of the thin film
transistor. A material of the semiconductor active layer 40 is,
e.g. common materials such as IGZO and the like. No limits
are made herein.

[0087] Next, with reference to FIG. 4d, a passivation layer
(an etch barrier layer) 50, e.g. an inorganic nonmetal mate-
rial layer, is deposited above the semiconductor active layer
40, and is patterned by the etching process to form a second
via 51 and a third via 52 in the passivation layer 50. The
second via 51 is formed at both ends of the semiconductor
active layer 40 respectively, for connecting a source and a
drain of the thin film transistor. The third via 52 is formed
above the auxiliary electrode 22 and is communicated with
the first via 31. The third via 52 is also used for connecting
the cathode of the OLED display substrate to the auxiliary
electrode 22.

[0088] As shown in FIG. 4e, a second metal layer is
deposited above the passivation layer 50, and is patterned by,
e.g. the etching process, to form a source 61 and a drain 62
of the thin film transistor. A material of the second metal
layer may be a source/drain metal material in the art. No
limits are made herein. A data line 63 may be formed while
the source 61 and the drain 62 are formed by patterning the
second metal layer. That is, by patterning the same metal
layer with the same patterning process, the source 61, the
drain 62 and the data line 63 are formed at the same time.
[0089] It should be noted that, to make the accompanying
drawings clearer, the data line 63 is omitted in the following
FIGS. 4f-4m, such that those skilled in the art can understand
the embodiments of the present disclosure more easily.
[0090] Optionally, as shown in FIG. 4f, a protection layer
70 may be formed above the second metal layer. The
protection layer 70 is made of, e.g. an inorganic insulating
material, and is patterned by, e.g. the photolithography
process, to form a fourth via 71 and a fifth via 72 in the
protection layer 70. The fourth via 71 is formed above the
drain 62 of the thin film transistor, and the fifth via 72 is
formed above the auxiliary electrode 22, which are commu-
nicated with the first via 31 and the third via 52. The fourth
via 71 is used for connecting a pixel electrode to the drain
of the thin film transistor. The fifth via 72 is used for
connecting the cathode of the OLED display substrate to the
auxiliary electrode 22.

[0091] As shown in FIG. 4g, a planarization layer 80 is
formed above the protection layer 70. A material of the
planarization layer 80 is, e.g. insulating materials for the
planarization layer in the art, such as Si0, SiON, SiN and the
like. No limits are made herein. The planarization layer 80
is patterned by, e.g. the photolithography process, to form a
sixth via 81 and a seventh via 82 in the planarization layer
80. The sixth via 81 is formed above the drain 62 of the thin
film transistor, and is communicated with the fourth via 71.
The seventh via 82 is formed above the auxiliary electrode
22, and is communicated with the first via 31, the third via
52 and the fifth via 72. The sixth via 81 is used for
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connecting the pixel electrode to the drain 62 of the thin film
transistor, and the seventh via 82 is used for connecting the
cathode of the OLED display substrate to the auxiliary
electrode 22.

[0092] As shown in FIG. 4/, a third metal layer is depos-
ited above the planarization layer 80 by, e.g. the sputtering
process, to form a cathode 90 of the OLED display substrate,
i.e., a pixel electrode of the array substrate. A material of the
third metal layer may be an anode metal material for the
OLED display substrate in the art. No limits are made
herein. Optionally, the third metal layer may comprise a
metal reflective layer and an ITO electrode as necessary. At
the seventh via 82, an eighth via 92 which is communicated
with the seventh via 82 is also formed in the third metal
layer. Because the third metal layer is a conductive layer, it
will not affect a electrical connection of the auxiliary elec-
trode 22 to the cathode. In this way, the third metal layer may
also enter the seventh via 82, without forming the via 92 in
the third metal layer. Alternatively, the third metal layer may
partially extend below the pixel electrode layer, but not enter
the seventh via 82.

[0093] As shown in FIG. 4i, an insulating material layer,
e.g. a photoresist layer, is laid above the third metal layer,
and the photoresist layer is patterned by, e.g. exposure and
development, to form a pixel defining layer 100 in the
photoresist layer. Moreover, a ninth via 101 for defining the
pixel units and a tenth via 102 for communicating the
auxiliary electrode 22 with the cathode are formed in the
pixel defining layer 100, and the tenth via 102 is commu-
nicated with the eighth via 92. Orthogonal projections of the
ninth via 101 and the tenth via 102 on the base substrate do
not overlap.

[0094] As shown in FIG. 4j, an organic light-emitting
layer 200 is deposited above the pixel defining layer 100 by,
e.g. the evaporation process. Specifically, the organic light-
emitting layer may comprise various layers such as a hole
injection layer, a hole transport layer, an electroluminescent
layer, an electron transport layer, an electron injection layer
and the like. Materials of the various layers of the organic
light-emitting layer may be deposited layer by layer by using
the evaporation process.

[0095] As shown in FIG. 4k, because evaporation is car-
ried out for an entire surface of the organic light-emitting
layer, the material of the organic light-emitting layer enters
a communication hole formed by the first via 31, the third
via 52, the fifth via 72, the seventh via 82, the eighth via 92
and the tenth via 102 and penetrating the gate insulating
layer 30, the passivation layer 50, the protection layer 70, the
pixel defining layer 80, the anode 90 and the pixel defining
layer 100, while entering a pixel region defined by the pixel
defining layer 100.

[0096] Insuch a state, when the cathode layer is deposited
above the organic light-emitting layer 200 in the following
OLED manufacturing process, even if the cathode layer
enters the communication hole formed by the first via 31, the
third via 52, the fifth via 72, the seventh via 82, the eighth
via 92 and the tenth via 102, the communication hole cannot
be electrically connected to the auxiliary electrode 22
because it is filled with the organic light-emitting layer 200.
Therefore, it is necessary to remove the organic light-
emitting layer 200 from the vias above the auxiliary elec-
trode 22, such that the cathode is electrically connected to
the auxiliary electrode 22, thereby achieving a purpose of
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reducing the voltage drop of the cathode and thus enhancing
a display quality of the display.

[0097] Therefore, according to one embodiment of the
present disclosure, the conductive liquid drops are ejected
into the via (the communication hole) above the auxiliary
electrode 22 by the inkjet printing process, to damage the
organic light-emitting layer 200 in the via, such that the
cathode can be electrically connected to the auxiliary elec-
trode 22 when the cathode layer is deposited in the following
manufacture. Specifically, as shown in FIG. 4k, the high-
temperature liquid drops having a temperature of, e.g. 50° C.
to 300° C., may be ejected into the via above the auxiliary
electrode 22. Optionally, the conductive liquid drops may
have a temperature of 100° C. The organic light-emitting
layer in the via may be molten and broken down by ejecting
the high-temperature conductive liquid drops. Thereafter,
the high-temperature conductive liquid drops are cooled and
cured to form a conductive element 300.

[0098] According to one embodiment, a material of the
ejected liquid drops is an alloy, e.g. an alloy material having
amelting point of 50° C. to 300° C., e.g. an alloy of Ba, Tin,
Pb, In and the like.

[0099] According to another embodiment, a material of
the ejected liquid drops may be a solder for brazing, e.g.
Tin-Pb solder. Alternatively, the solder has a melting point of
50° C. to 300° C., e.g. 100° C.

[0100] As shown in FIG. 4/, a transparent cathode layer
400 made of a material such as ITO, 1ZO or the like, is
deposited above the organic light-emitting layer 200. At this
time, the material of the cathode layer enters a communi-
cation hole formed by the first via 31, the third via 52, the
fifth via 72, the seventh via 82, the eighth 92 and the tenth
via 102 and penetrating the gate insulating layer 30, the
passivation layer 50, the protection layer 70, the pixel
defining layer 80 and the anode 90, while entering a pixel
region defined by the pixel defining layer 80. Since the
organic light-emitting layer 200 in the communication hole
is penetrated by the high-temperature conductive liquid
drops and is replaced with the conductive element 300, the
cathode layer 400 may be electrically connected to the
auxiliary electrode 22 through the conductive element 300.
The connection to the auxiliary electrode may reduce the
voltage drop of the cathode, and thus enhance the display
quality of the display and facilitate the manufacturing of the
large-size display panel.

[0101] Next, a barrier layer 500 made of an inorganic
insulating material may be deposited above the cathode
layer 400 by the chemical vapor deposition method or the
like to seal the pixel units. The formed array substrate is as
shown in FIG. 4m.

[0102] Those skilled in the art may understand that, after
the aforementioned steps, it is also possible to manufacture
a color filter substrate and pair it with the formed array
substrate to form an OLED display apparatus.

[0103] The method of manufacturing the OLED display
substrate according to the aforementioned embodiment
comprises injecting a conductive liquid into the via to
penetrate the organic light-emitting layer in the via, curing
the liquid to form the conductive element which is electri-
cally connected to the auxiliary electrode; then, electrically
connecting the cathode layer to the auxiliary electrode
through the conductive element formed by curing the con-
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ductive liquid. Therefore, it may effectively reduce a voltage
drop of the cathode layer, and facilitate the manufacturing of
the large-size display screen.

[0104] In the aforementioned embodiment, the auxiliary
electrode 22 and the gate 21 are formed in the same metal
layer, and the auxiliary electrode 22 is electrically connected
to the cathode layer 400 through the via which penetrates
various insulating layers such as the gate insulating layer 30,
the passivation layer 50, the protection layer 70, the pla-
narization layer 80, the pixel defining layer 100 and the like.
However, the present disclosure is not limited to this.
[0105] According to a modified example of the aforemen-
tioned embodiment, the auxiliary electrode 22 may be
formed in the same metal layer as the source 61 and the drain
62. When the auxiliary electrode 22 is formed in the same
metal layer as the source 61 and the drain 62, the via for
communicating the cathode 400 with the auxiliary electrode
22 may penetrate only the protection layer 70, the planariza-
tion layer 80 and the pixel defining layer 100, without
penetrating the gate insulating layer 30 and the passivation
layer 50.

[0106] According to another modified example of the
aforementioned embodiment, the auxiliary electrode 22 may
be formed in the same layer as the anode 90 which is the
pixel electrode. When the auxiliary electrode 22 and the
anode 90 are formed in the same layer, the via for commu-
nicating the cathode 400 with the auxiliary electrode 22 may
penetrate only the pixel defining layer 100, without pen-
etrating the gate insulating layer 30, the passivation layer 50,
the protection layer 70 and the planarization layer 80.
[0107] Therefore, the auxiliary electrode may be formed
in any of the conductive layers in the array substrate, either
a metal conductive layer or a nonmetal conductive layer, to
which the present disclosure makes no limits. In this way,
the auxiliary electrode may be manufactured while the
conductive layer of the array substrate is manufactured,
without adding any additional manufacturing process, such
that the manufacturing process is simplified.

[0108] In addition, in the aforementioned embodiment,
some layers may be omitted, for example, the protection
layer 70 may be omitted as necessary. Alternatively, another
layer may be further added as necessary, as long as the
auxiliary electrode may be electrically connected to the
cathode through the via penetrating the insulating layer.
Therefore, the drawings accompanying of the embodiments
of the present disclosure only relate to the structures
involved by the embodiments of the present disclosure, and
the other structures may refer to common designs.

[0109] Furthermore, the via for communicating the aux-
iliary electrode 22 with the cathode layer 400 is formed in
a manner of layer-by-layer in the aforementioned embodi-
ment. However, the present disclosure is not limited to this.
For example, when the gate insulating layer 30, the passi-
vation layer 50, the protection layer 70, the planarization
layer 80 and the pixel defining layer 100 are manufactured,
it is not necessary to form a via at a location above the
auxiliary electrode 22 in advance, and a via which penetrates
the pixel defining layer 100, the planarization layer 80, the
protection layer 70, the passivation layer 50 and the gate
insulating layer 30 from top to bottom is integrally formed
by the etching process, after the manufacturing of the gate
insulating layer 30, the passivation layer 50, the protection
layer 70, the planarization layer 80 and the pixel defining
layer 100 is completed.
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[0110] Furthermore, the OLED display substrate having a
bottom gate structure is taken as an example above to
explain a specific process of manufacturing the OLED
display substrate. However, those skilled in the art should
understand that, the conception of the present disclosure
may be also used for an OLED display substrate having a
bottom gate substrate or an OLED display substrate having
a double gate structure, to which the present disclosure
makes no limits.

[0111] Another aspect of the present invention provides an
OLED display substrate, comprising: a base substrate 1; an
auxiliary electrode 22 on the base substrate 1; an insulating
layer 30 on the auxiliary electrode 22; an organic light-
emitting layer 4 on the insulating layer 30; and a first
electrode 5 on the organic light-emitting layer 4, wherein
there is at least one via 35 in the insulating layer 30, and
there is a cured conductive element 36 in the via; the
auxiliary electrode 22 is electrically connected to the first
electrode 5 through the conductive element 36 in the via 35.
Since the conductive element 36 is formed by curing a liquid
conductive material which may be specifically a high-
temperature conductive liquid in this case, when the liquid
conductive material enters the via, the organic light-emitting
layer in the via may be molten and penetrated due to the high
temperature of the liquid conductive material. In this way, it
is convenient to electrically connect the first electrode
through the conductive element 36 in the via 35, so as to
reduce a voltage drop over the first electrode.

[0112] Another embodiment of the present invention fur-
ther relates to a display device comprising the display
substrate as manufactured according to the foregoing
embodiment. The display device may be, for example, a
device having a display function, such as a mobile phone, a
television set, a tablet computer, a notebook computer, a
digital photo frame, a personal digital assistant, a navigator
or the like.

[0113] Several embodiments of the present disclosure
have been described above by way of example, but those
skilled in the art will recognize that various modifications
and changes may be made to the embodiments of the present
disclosure without departing from the concepts of the pres-
ent disclosure. All of such modifications and variations
should fall within the scope of the disclosure. Therefore, the
protection scope of the present disclosure should be based
on the protection scope defined by the claims.

1. A method of manufacturing an Organic Light-Emitting
Diode (OLED) display substrate, comprising:
forming an auxiliary electrode and an insulating layer
sequentially on a base substrate;
forming at least one via in the insulating layer, the via
exposing at least a portion of the auxiliary electrode;
forming an organic light-emitting layer on the insulating
layer;
injecting a conductive liquid into the via;
curing the conductive liquid and electrically connecting
the cured conductive liquid to the auxiliary electrode;
and
forming a first electrode layer on the organic light-
emitting layer, and electrically connecting the first
electrode layer to the auxiliary electrode through the
cured conductive liquid in the via.
2. The method according to claim 1, wherein a portion of
the organic light-emitting layer is formed in the via.
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3. The method according to claim 2, wherein injecting the
conductive liquid into the via comprises: injecting conduc-
tive liquid drops into the via by an inkjet printing process to
penetrate the portion of the organic light-emitting layer in
the via.

4. The method according to claim 1, wherein the conduc-
tive liquid has a temperature of about 50° C. to 300° C.

5. The method according to claim 3, wherein the conduc-
tive liquid drops have a material of an alloy, and the alloy
has a melting point of about 50° C. to 300° C.

6. The method according to claim 3, wherein the conduc-
tive liquid drops have a material of a solder, and the solder
has a melting point of about 50° C. to 300° C.

7. The method according to claim 1, wherein a conductive
layer is formed on the base substrate, and patterns of the
auxiliary electrode and the conductive layer are formed by
a one-patterning process.

8. The method according to claim 7, wherein the pattern
of the conductive layer is one of a gate line pattern, a data
line pattern or a pixel electrode pattern.

9. The method according to claim 1, wherein the insulat-
ing layer comprises a pixel defining layer, and vias for
defining pixel units and the via for exposing at least a portion
of the auxiliary electrode are formed in the pixel defining
layer by a one-patterning process.

10. The method according to claim 9, wherein ortho-
graphic projections of the vias for defining the pixel units
and the via for exposing at least a portion of the auxiliary
electrode do not overlap on the base substrate.

11. The method according to claim 1, wherein the insu-
lating layer comprises a pixel defining layer and a planariza-
tion layer, and the via penetrate the pixel defining layer and
the planarization layer.

12. The method according to claim 1, wherein the insu-
lating layer comprises a pixel defining layer, a planarization
layer, a passivation layer and a gate insulating layer, and the
via penetrate the pixel defining layer, the planarization layer,
the passivation layer and the gate insulating layer.

13. The method according to claim 1, wherein a distri-
bution density of the vias close to a center of the display
substrate is greater than that of the vias close to an edge of
the display substrate.

14. The method according to claim 1, wherein the auxil-
iary electrode is in a shape of a bar, and is parallel to a gate
line or a data line.

15. The method according to claim 1, wherein the first
electrode layer is a cathode layer.

16. An Organic Light-Emitting Diode (OLED) display
substrate, comprising:

a base substrate;

an auxiliary electrode on the base substrate;

an insulating layer on the auxiliary electrode;

an organic light-emitting layer on the insulating layer; and

a first electrode on the organic light-emitting layer,

wherein at least one via is formed in the insulating layer,

and a cured conductive element is provided in the via;
the auxiliary electrode is electrically connected to the
first electrode through the conductive element in the
via.

17. The OLED display substrate according to claim 16,
wherein a distribution density of the vias close to a center of
the display substrate is greater than that of the vias close to
an edge of the display substrate.
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18. The OLED display substrate according to claim 16,
wherein the auxiliary electrode is in a shape of a bar, and is
parallel to a gate line or a data line.

19. The OLED display substrate according to claim 16,
wherein the first electrode is a cathode.

20. A display apparatus, comprising the OLED display
substrate according to claim 16.
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