a9y United States

US 20190067647A1

12) Patent Application Publication (o) Pub. No.: US 2019/0067647 A1
Zhang et al.

(54) OLED SUBSTRATE AND METHOD FOR
MANUFACTURING THE SAME AND
DISPLAY DEVICE

(71)  Applicant: BOE Technology Group Co., Ltd.,
Beijing (CN)

(72) Inventors: Xing Zhang, Beijing (CN); Wei Li,
Beijing (CN); Quanhu Li, Beijing
(CN); Xuehuan Feng, Beijing (CN);
Jianye Zhang, Beijing (CN)

(73) Assignee:

BOE Technology Group Co., Ltd.,
Beijing (CN)

(21) Appl. No.: 16/014,755

(22) Filed: Jun. 21, 2018
(30) Foreign Application Priority Data
Aug. 31,2017 (CN) oo 201710775220.5

43) Pub. Date: Feb. 28, 2019
Publication Classification
(51) Imt.Cl
HOIL 51/56 (2006.01)
HOIL 27/32 (2006.01)
HOIL 51/52 (2006.01)
HOIL 51/50 (2006.01)
(52) US. CL
CPC ... HOIL 51/56 (2013.01); HOIL 27/322

(2013.01); HOIL 51/5284 (2013.01); HOIL
51/5072 (2013.01); HOIL 51/5206 (2013.01);
HOIL 51/5056 (2013.01); HOIL 51/5092
(2013.01); HOIL 51/5221 (2013.01)

7) ABSTRACT

A method for manufacturing an organic light-emitting diode
substrate is provided and includes: on a base substrate with
a black matrix pattern, forming a conductive layer covering
the black matrix pattern and a photoresist pattern that
partially stacks on the conductive layer, through one pat-
terning process by taking the black matrix pattern as a mask
plate; and removing the photoresist pattern and portions of
the conductive layer that stack on the photoresist pattern,
thereby forming a patterned conductive layer.
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OLED SUBSTRATE AND METHOD FOR
MANUFACTURING THE SAME AND
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims the priority
of the Chinese patent application No. 201710775220.5 filed
on Aug. 31, 2017, which is incorporated herein by reference
in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technology, and in particular to an OLED substrate, a
method for manufacturing the same and a display device.

BACKGROUND

[0003] Organic Electro-luminescent display (OLED)
devices have been widely used due to their features such as
light weight, low power consumption, high response and
high resolution.

[0004] An OLED display device includes an array sub-
strate and a package substrate for packaging the array
substrate. The array substrate includes an anode, a cathode
and a luminescent layer between the anode and the cathode.
For a top-emitting OLED, when light emitted from a lumi-
nescent layer is emitted outside from a cathode side, the
thickness of the cathode is thin so that the light can pass
through the cathode. Thus, the cathode has the largest
resistance in the whole OLED structure.

SUMMARY

[0005] According to a first aspect, one embodiment of the
present disclosure provides a method for manufacturing an
organic light-emitting diode substrate which includes: on a
base substrate with a black matrix pattern, forming a con-
ductive layer covering the black matrix pattern and a pho-
toresist pattern through one patterning process by taking the
black matrix pattern as a mask plate, wherein the photoresist
pattern partially stacks on the conductive layer; and remov-
ing the photoresist pattern and portions of the conductive
layer that do not cover the black matrix pattern, with
portions of the conductive layer that cover the black matrix
pattern forming a patterned conductive layer.

[0006] Optionally, on a base substrate with a black matrix
pattern, forming a conductive layer covering the black
matrix pattern and a photoresist pattern through one pattern-
ing process by taking the black matrix pattern as a mask
plate, wherein the photoresist pattern partially stacks on the
conductive layer, includes: forming a negative photoresist
layer covering the black matrix pattern on the base substrate;
irradiating light to one side of the base substrate away from
the black matrix pattern to expose the negative photoresist
layer; removing unexposed portions of the negative photo-
resist layer that are blocked by the black matrix pattern by
means of development, thereby forming a negative photo-
resist pattern; and forming the conductive layer covering the
black matrix pattern and the negative photoresist pattern.
[0007] Optionally, the removing the photoresist pattern
and portions of the conductive layer that do not cover the
black matrix pattern, with portions of the conductive layer
that cover the black matrix pattern forming a patterned
conductive layer, includes: lifting off the negative photore-
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sist pattern and the portions of the conductive layer that
stack on the negative photoresist pattern, thereby forming
the patterned conductive layer.

[0008] Optionally, the forming the conductive layer cov-
ering the black matrix pattern and the negative photoresist
pattern includes: forming the conductive layer covering the
black matrix pattern and the negative photoresist pattern in
such a manner that portions of the conductive layer on the
negative photoresist pattern are separated from portions of
the conductive layer on the black matrix pattern.

[0009] Optionally, the forming the conductive layer cov-
ering the black matrix pattern and the negative photoresist
pattern in such a manner that portions of the conductive
layer on the negative photoresist pattern are separated from
portions of the conductive layer on the black matrix pattern
includes: forming the conductive layer covering the black
matrix pattern and the negative photoresist pattern in such a
manner that a difference between a thickness of the black
matrix pattern and a thickness of the negative photoresist
pattern is greater than a thickness of the conductive layer.

[0010] Optionally, before the forming a negative photore-
sist layer covering the black matrix pattern on the base
substrate, the method further includes: forming an alignment
mark at a non-display region of the base substrate, and
forming the black matrix pattern at a display region of the
base substrate.

[0011] Optionally, the irradiating light to one side of the
base substrate away from the black matrix pattern includes:
irradiating light to one side of the base substrate away from
the black matrix pattern with the light substantially perpen-
dicular to the base substrate.

[0012] Optionally, after the removing unexposed portions
of the negative photoresist layer that are blocked by the
black matrix pattern by means of development, thereby
forming a negative photoresist pattern, the negative photo-
resist pattern and the black matrix pattern are in an identical
layer.

[0013] Optionally, after the removing unexposed portions
of the negative photoresist layer that are blocked by the
black matrix pattern by means of development, thereby
forming a negative photoresist pattern, the negative photo-
resist pattern and the black matrix pattern are directly
formed on the base substrate in an identical layer.

[0014] Optionally, on a base substrate with a black matrix
pattern, forming a conductive layer covering the black
matrix pattern and a photoresist pattern through one pattern-
ing process by taking the black matrix pattern as a mask
plate, wherein the photoresist pattern partially stacks on the
conductive layer, includes: forming the conductive layer
covering the black matrix pattern on the base substrate;
forming a positive photoresist layer covering the conductive
layer; irradiating light to one side of the base substrate away
from the black matrix pattern to expose the positive photo-
resist layer; removing exposed portions of the positive
photoresist layer that are not blocked by the black matrix
pattern by means of development, thereby forming a posi-
tive photoresist pattern.

[0015] Optionally, the removing the photoresist pattern
and portions of the conductive layer that do not cover the
black matrix pattern, with portions of the conductive layer
that cover the black matrix pattern forming a patterned
conductive layer includes: etching away the portions of the
conductive layer that do not cover the black matrix pattern,
and lifting off the positive photoresist pattern, thereby
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enabling portions of the conductive layer that covers the
black matrix pattern to form the patterned conductive layer.
[0016] Optionally, the lifting off the positive photoresist
pattern includes: lifting off the positive photoresist pattern
with a stripping solution.

[0017] Optionally, after the removing exposed portions of
the positive photoresist layer that are not blocked by the
black matrix pattern by means of development, thereby
forming a positive photoresist pattern, the positive photore-
sist pattern covers the black matrix pattern.

[0018] Optionally, after the removing exposed portions of
the positive photoresist layer that are not blocked by the
black matrix pattern by means of development, thereby
forming a positive photoresist pattern, the positive photore-
sist pattern and the black matrix pattern are in different
layers.

[0019] Optionally, before the forming a positive photore-
sist layer covering the conductive layer, the method further
includes: forming an alignment mark at a non-display region
of the base substrate, and forming the black matrix pattern
at a display region of the base substrate.

[0020] Optionally, irradiating light to one side of the base
substrate away from the black matrix pattern includes:
irradiating light to one side of the base substrate away from
the black matrix pattern with the light substantially perpen-
dicular to the base substrate.

[0021] Optionally, after forming a patterned conductive
layer, the method further includes: forming color filter
patterns in hollow-out regions of the black matrix pattern.
[0022] Optionally, the conductive layer is a three-layer
laminated structure.

[0023] Optionally, the three-layer laminated structure
includes a middle layer that is made of Al and Nd alloy, and
two lateral layers that are made of Mo.

[0024] Optionally, removing the photoresist pattern and
portions of the conductive layer that do not cover the black
matrix pattern, with portions of the conductive layer that
cover the black matrix pattern forming a patterned conduc-
tive layer, further includes: removing portions of the con-
ductive layer that are at edges of the black matrix pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments consistent with the present disclosure and,
together with the description, serve to explain the principles
of the present disclosure.

[0026] FIG. 1 is a first flowchart of a method for manu-
facturing an OLED substrate according to an exemplary
embodiment of the present disclosure;

[0027] FIG. 2 is a second flowchart of a method for
manufacturing an OLED substrate according to an exem-
plary embodiment of the present disclosure;

[0028] FIG. 3 is a schematic view of forming a negative
photoresist layer on a base substrate with a black matrix
pattern according to an exemplary embodiment of the pres-
ent disclosure;

[0029] FIG. 4is a schematic view of exposing the negative
photoresist layer according to an exemplary embodiment of
the present disclosure;

[0030] FIG. 5(a) is a first schematic view of forming a
negative photoresist layer on a base substrate according to
an exemplary embodiment of the present disclosure;

Feb. 28,2019

[0031] FIG. 5(b) is a second schematic view of forming a
negative photoresist layer on a base substrate according to
an exemplary embodiment of the present disclosure;
[0032] FIG. 6 is a first schematic view of forming a
conductive layer on a base substrate according to an exem-
plary embodiment of the present disclosure;

[0033] FIG. 7 is a schematic view of forming an auxiliary
cathode pattern on the base substrate according to an exem-
plary embodiment of the present disclosure;

[0034] FIG. 8 is a second schematic view of forming a
conductive layer on a base substrate according to an exem-
plary embodiment of the present disclosure;

[0035] FIG. 9 is a third flowchart of a method for manu-
facturing an OLED substrate according to an exemplary
embodiment of the present disclosure;

[0036] FIG. 10 is a schematic view of forming a conduc-
tive layer on a base substrate with a black matrix pattern
according to an exemplary embodiment of the present
disclosure;

[0037] FIG. 11 is a schematic view of forming a positive
photoresist layer on the conductive layer according to an
exemplary embodiment of the present disclosure;

[0038] FIG. 12 is a schematic view of exposing the
positive photoresist layer according to an exemplary
embodiment of the present disclosure;

[0039] FIG. 13 is a schematic view of forming a positive
photoresist pattern on the base substrate according to an
exemplary embodiment of the present disclosure;

[0040] FIG. 14 is a schematic view of forming a positive
photoresist pattern and an auxiliary cathode pattern on the
base substrate according to an exemplary embodiment of the
present disclosure;

[0041] FIG. 15 is a schematic view of forming a color
filtering pattern on the base substrate according to an exem-
plary embodiment of the present disclosure; and

[0042] FIG. 16 is a schematic view of alignment marks
formed at a non-display region of the base substrate accord-
ing to an exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0043] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings. The following description refers to
the accompanying drawings in which the same numbers in
different drawings represent the same or similar elements
unless otherwise indicated. The implementations set forth in
the following description of exemplary embodiments do not
represent all implementations consistent with the disclosure.
Instead, they are merely examples of devices and methods
consistent with aspects related to the disclosure as recited in
the appended claims.

[0044] In order to reduce resistance of the cathode in the
whole OLED structure, an auxiliary cathode pattern is
usually fabricated on a black matrix pattern of the package
substrate. The auxiliary cathode pattern contacts with the
cathode on the array substrate to reduce the resistance.
[0045] However, when manufacturing the auxiliary cath-
ode pattern, mask plates are required for performing photo
process to pattern the auxiliary cathode pattern, but prepa-
ration of the mask plate results in an increase in production
Costs.

[0046] In order to solve the above problem, one embodi-
ment of the present disclosure provides a method for manu-
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facturing an OLED substrate. As shown in FIG. 1, the
method includes the following steps S100 and S101.
[0047] The step S100 is to form a conductive layer on a
base substrate with a black matrix pattern.

[0048] The material of the conductive layer is limited. The
conductive layer may be made of metal such as Ag, Cu, Mg,
Al, or their alloy.

[0049] Further, the conductive layer may be formed on the
base substrate by means of sputter, spinning coating,
vacuum evaporation, etc. The conductive layer covers the
black matrix pattern.

[0050] The step S101 is to form an auxiliary cathode
pattern by patterning the conductive layer with the black
matrix pattern taken as a mask plate through one patterning
process.

[0051] Taking the black matrix pattern as the mask plate
means that the black matrix pattern is equivalent to one mask
plate in the process of patterning the conductive layer.
[0052] Here, the patterning process includes coating pho-
toresist, masking, exposing, developing and etching pro-
cesses.

[0053] In the method for manufacturing OLED substrates
according to one embodiment of the present disclosure, in
the process of forming the auxiliary cathode pattern, the
black matrix pattern is taken as one mask plate for patterning
the conductive layer, thus no additional mask plate is
required, thereby reducing production costs comparing with
the related art.

[0054] The method for manufacturing OLED substrates
will be described in details hereinafter with two examples.
[0055] As shown in FIG. 2, a method for manufacturing
OLED substrates according to an exemplary embodiment of
the present disclosure includes the following steps S200 to
S204.

[0056] As shown in FIG. 3, the step S200 is to form a
negative photoresist layer 30 covering a black matrix pattern
20 on a base substrate 10.

[0057] The thickness of the negative photoresist layer 30
is not limited, and may be set according to needs. In one
embodiment, the thickness of the negative photoresist layer
30 may be greater than the thickness of the black matrix
pattern 20. In other embodiments, the thickness of the
negative photoresist layer 30 may be less or equal to the
thickness of the black matrix pattern 20.

[0058] Here, the negative photoresist refers to materials
that form an insoluble matter after light irradiation. The
materials of the negative photoresist are not specifically
limited, as long as they can form an insoluble matter after
light irradiation. Generally, the negative photoresist may be
composed of photosensitive resin, sensitizer and solvent.
[0059] As shown in FIG. 4, the step S201 is to irradiate
light to one side of the base substrate 10 away from the black
matrix pattern 20 to expose the negative photoresist layer 30.
[0060] In one embodiment, in the process of exposing the
negative photoresist layer 30, a light source is used. The
light source includes but not limited to a white light source
or an ultraviolet light source. In addition, the light source
may be a bar-shaped light source, a planar light source or a
light source having other shapes, as long as the negative
photoresist layer 30 is subjected to the same light intensity.
[0061] On the above basis, time length and exposure
intensity of the exposing process may be set according to the
type of the negative photoresist and the thickness of the
negative photoresist layer 30.
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[0062] Here, when exposing the negative photoresist layer
30, portions of the negative photoresist layer 30 that are
blocked by the black matrix pattern 20 cannot be irradiated
by light, and portions of the negative photoresist layer 30
that are not blocked by the black matrix pattern 20 can be
irradiated by light.

[0063] As shown in FIG. 5(a) and FIG. 5(b), the step S202
is to remove the portions of the negative photoresist layer 30
that are blocked by the black matrix pattern 20 by means of
development, thereby forming a negative photoresist pattern
30A.

[0064] Here, the base substrate 10 after exposing treat-
ment is immersed into in a developing liquid for develop-
ment. Then, the portions of the negative photoresist layer 30
that are blocked by the black matrix pattern 20 are not
irradiated by light and are removed by means of develop-
ment; and the portions of the negative photoresist layer 30
that are not blocked by the black matrix pattern 20 are
irradiated by light and remain after the development treat-
ment, thereby forming the negative photoresist pattern 30A.
[0065] It should be noted that, in an ideal state, as shown
in FIG. 5(a), after exposing and developing treatments, the
portions of the negative photoresist layer 30 that are blocked
by the black matrix pattern 20 can be removed completely.
However, in an actual preparation process, as shown in FIG.
5(b), some of the negative photoresist layer at edges of the
black matrix pattern 20 may be not removed and then form
a residual negative photoresist portion 30B.

[0066] As shown in FIG. 6, the step S203 is to form a
conductive layer 40 on the negative photoresist pattern 30A.
[0067] The conductive layer 40 covers the negative pho-
toresist pattern 30A and the black matrix pattern 20.
[0068] As shown in FIG. 7, the step S204 is to lift off the
negative photoresist pattern 30A to form an auxiliary cath-
ode pattern 50.

[0069] How to lift off the negative photoresist pattern 30A
is not limited. For example, the negative photoresist pattern
30A may be lifted off by means of a stripping solution.
[0070] Here, when lifting off the negative photoresist
pattern 30A, the conductive layer 40 on the negative pho-
toresist pattern 30A is also lifted off. Since the negative
photoresist pattern 30A is not on the black matrix pattern 20,
the conductive layer 40 on the black matrix pattern 20 will
not be lifted off, thereby forming the auxiliary cathode
pattern 50 on the black matrix pattern 20. In addition, when
light is irradiated to the base substrate 10 in a direction
perpendicular to the base substrate 10, in an ideal state, the
size of the auxiliary cathode pattern 50 is exactly the same
as the size of the black matrix pattern 20. However, an actual
preparation process, as shown in FIG. 7, the size of the
auxiliary cathode pattern 50 is less than the size of the black
matrix pattern 20.

[0071] It should be noted that, when the conductive layer
40 is formed on the negative photoresist pattern 30A, the
conductive layer 40 on the negative photoresist pattern 30A
and the conductive layer 40 on the black matrix pattern 20
are connected together. Since a cohesive force between the
conductive layer 40 and the black matrix pattern 20 is
greater than that between the conductive layer 40 and the
negative photoresist pattern 30A as well as the conductive
layer 40 is thin, when lifting off the negative photoresist
pattern 30A, it is easy to break the conductive layer 40 on
the negative photoresist pattern 30A from the conductive
layer 40 on the black matrix pattern 20, and then the
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conductive layer 40 on the black matrix pattern 20 is
remained and forms the auxiliary cathode pattern 50.
[0072] According to the above method for manufacturing
OLED substrates, light is irradiated to one side of the base
substrate 10 away from the black matrix pattern 20. Since
the portions of the negative photoresist layer 30 that are
blocked by the black matrix pattern 20 are not exposed to the
light and the portions of the negative photoresist layer 30
that are not blocked by the black matrix pattern 20 are
exposed to the light, the portions of the negative photoresist
layer 30 that are not exposed to the light are removed away
by means of the development treatment. After the conduc-
tive layer 40 is formed on the negative photoresist pattern
30A, the conductive layer 40 on the negative photoresist
pattern 30A is lifted off when lifting off the negative
photoresist pattern 30A. Further, when lifting off the nega-
tive photoresist pattern 30A, the conductive layer 40 on the
black matrix pattern 20 is reserved to form the auxiliary
cathode pattern 50 because the negative photoresist pattern
30A is not on the black matrix pattern 20. Comparing with
the related art, in the process of manufacturing the auxiliary
cathode pattern 50, no mask plate is required and the etch
process is omitted, thereby reducing the production costs. In
addition, in this embodiment, the patterning process for
manufacturing the auxiliary cathode pattern 50 does not
include the etch process. In other embodiment, the pattern-
ing process may not include all of coating photoresist,
masking, exposing, developing and etching processes.
[0073] Optionally, the step S203 specifically includes: as
shown in FIG. 8, forming a conductive layer 40A on the
negative photoresist pattern 30A and forming a conductive
layer 40B on the black matrix pattern 20 in such a manner
that the conductive layer 40A on the negative photoresist
pattern 30A is disconnected from the conductive layer 40B
on the black matrix pattern 20.

[0074] Here, when forming the conductive layer 40A on
the negative photoresist pattern 30A and forming the con-
ductive layer 40B on the black matrix pattern 20, how to
enable the conductive layer 40A on the negative photoresist
pattern 30A to be disconnected from the conductive layer
40B on the black matrix pattern 20 is not limited. For
example, a thickness difference between the thickness of the
black matrix pattern 20 and the thickness of the negative
photoresist pattern 30A may be increased to enable the
conductive layer 40A on the negative photoresist pattern
30A is disconnected from the conductive layer 40B on the
black matrix pattern 20.

[0075] Inone embodiment, since the conductive layer 40A
on the negative photoresist pattern 30A is disconnected from
the conductive layer 40B on the black matrix pattern 20
when the conductive layer 40 A and the conductive layer 40B
are formed, only the conductive layer 40A on the negative
photoresist pattern 30A is lifted off when lifting off the
negative photoresist pattern 30A, and the conductive layer
40A on the negative photoresist pattern 30A can be easily
lifted off. The conductive layer 40B on the black matrix
pattern 20 is reserved at the black matrix pattern 20.
[0076] As shown in FIG. 9, another method for manufac-
turing an OLED substrate is provided in one embodiment of
the present disclosure and includes the following steps S300
and S304.

[0077] As shown in FIG. 10, the step S300 is to form a
conductive layer 40 covering a black matrix pattern 20 on a
base substrate 10.
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[0078] As shown in FIG. 11, the step S301 is to form a
positive photoresist layer 70 covering the conductive layer
40.

[0079] The positive photoresist refers to materials that
form an insoluble matter after light irradiation. The materials
of the positive photoresist are not specifically limited, as
long as they can form an insoluble matter after light irra-
diation. Generally, the positive photoresist may be com-
posed of photosensitive resin, sensitizer and solvent.
[0080] As shown in FIG. 12, the step S302 is to irradiate
light to one side of the base substrate 10 away from the black
matrix pattern 20 to expose the positive photoresist layer 70.
[0081] Time length and exposure intensity of the exposing
process may be set according to the type of the positive
photoresist and the thickness of the positive photoresist layer
70 on the base substrate 10.

[0082] Here, when exposing the positive photoresist layer
70, portions of the positive photoresist layer 70 that are
blocked by the black matrix pattern 20 cannot be irradiated
by light, and portions of the positive photoresist layer 70 that
are not blocked by the black matrix pattern 20 can be
irradiated by light.

[0083] As shown in FIG. 13, the step S303 is to remove
the portions of the positive photoresist layer 70 that are not
blocked by the black matrix pattern 20 by means of devel-
opment, thereby forming a positive photoresist pattern 70A.
[0084] Here, the base substrate 10 after exposing treat-
ment is immersed into in a developing liquid for develop-
ment. Then, the portions of the positive photoresist layer 70
that are blocked by the black matrix pattern 20 are reserved,
and the portions of the positive photoresist layer 70 that are
not blocked by the black matrix pattern 20 are irradiated by
light and removed after the development treatment, thereby
forming the positive photoresist pattern 70A.

[0085] It should be noted that, when light is irradiated to
the base substrate 10 in a direction perpendicular to the base
substrate 10, in an ideal state, after exposing and developing
treatmerts are performed to the positive photoresist layer 70,
the size of the positive photoresist pattern 70A is the same
as the size of the black matrix pattern 20. However, an actual
preparation process, there may be a slight difference
between the size of the positive photoresist pattern 70A and
the size of the black matrix pattern 20 due to factors such as
irradiation angles and light dispersity. For example, the size
of the positive photoresist pattern 70A is less than the size
of the black matrix pattern 20.

[0086] As shown in FIG. 14, the step S304 is to etch the
conductive layer 40, and lift off the positive photoresist
pattern 70A to form an auxiliary cathode pattern 50, as
shown in FIG. 7.

[0087] When etching the conductive layer 40, portions of
the conductive layer 40 that are blocked by the positive
photoresist layer 70 cannot be etched, and portions of the
conductive layer 40 that are not blocked by the positive
photoresist layer 70 are etched away. In this way, after the
positive photoresist pattern 70A is lifted off, only portions of
the conductive layer 40 on the black matrix pattern 20 is
reserved to form the auxiliary cathode pattern 50.

[0088] Here, how to lift off the positive photoresist pattern
70A is not limited. For example, the positive photoresist
pattern 70A may be lifted off by means of a stripping
solution.

[0089] According to the above method for manufacturing
OLED substrates, light is irradiated to one side of the base
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substrate 10 away from the black matrix pattern 20. The
black matrix pattern 20 is equivalent to a mask plate, the
portions of the positive photoresist layer 70 that are blocked
by the black matrix pattern 20 are not exposed to the light
and are reserved after the development treatment, and the
portions of the positive photoresist layer 70 that are not
blocked by the black matrix pattern 20 are exposed to the
light and are removed after the development treatment.
Thus, when etching the conductive layer 40, the portions of
the conductive layer 40 that are not blocked by the positive
photoresist layer 70 are etched away, and the portions of the
conductive layer 40 that are blocked by the positive photo-
resist pattern 70 A are reserved to form the auxiliary cathode
pattern 50. In the process of manufacturing the auxiliary
cathode pattern 50, since the black matrix pattern 20 is
equivalent to a mask plate, one mask plate is omitted
comparing with the related art, thereby reducing the pro-
duction costs.

[0090] Optionally, as shown in FIG. 15, after the auxiliary
cathode pattern 50 is formed, the above method further
includes: forming color filter patterns 60 in hollow-out
regions (i.e., openings) of the black matrix pattern 20.
[0091] The color filter patterns 60 may include red color
filter patterns, blue color filter patterns or green color filter
patterns.

[0092] Here, forming color filter patterns 60 in hollow-out
regions of the black matrix pattern 20 may include: forming
a color filter film, and then forming the color filter patterns
60 by means of exposing, developing and etching processes.
[0093] Itshould be noted that, if the color filter patterns 60
are formed prior to formation of the auxiliary cathode
pattern 50, the color filter patterns 60 will block light, which
would adversely affect exposure of the negative photoresist.
Thus, in one embodiment of the present disclosure, the color
filter patterns 60 are formed after formation of the auxiliary
cathode pattern 50.

[0094] In this embodiment, the color filter patterns 60 are
formed on the OLED substrate, thereby achieving color
display.

[0095] In one embodiment, optionally, the conductive
layer 40 may be a three-layer laminated structure.

[0096] Material of each layer of the three-layer laminated
structure of the conductive layer 40 is not limited, as long as
the three-layer laminated structure has a low resistance.
Optionally, materials at two lateral layers of the three-layer
laminated structure are not easy to oxidize.

[0097] Further, optionally, a middle layer of the three-
layer laminated structure of the conductive layer 40 may be
made of Al and Nd alloy; and two lateral layers of the
three-layer laminated structure are made of Mo.

[0098] Since each of Al and Nd has a low resistance but is
easy to oxidize, as well as Mo is not easy to oxidize, the
three-layer laminated structure is not easy to oxidize and has
a low resistance when the two lateral layers of the three-
layer laminated structure are made of Mo and the middle
layer of the three-layer laminated structure is made of Al and
Nd alloy.

[0099] Optionally, before forming the negative photoresist
layer 30 covering the black matrix pattern 20 on the base
substrate 10, the above method further includes: forming an
alignment mark 31 (as shown in FIG. 16) at a non-display
region of the base substrate 10, and forming the black matrix
pattern 20 at a display region of the base substrate 10.
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[0100] The alignment mark may formed prior to or after
formation of the black matrix pattern 20. Of course, the
alignment mark and black matrix pattern 20 may be formed
simultaneously, at this point, the alignment mark and black
matrix pattern 20 may be made of the same material. Here,
when the alignment mark and black matrix pattern 20 may
be formed simultaneously, the manufacturing process of the
array substrate can be simplified. In one embodiment, when
the alignment mark is formed prior to formation of the black
matrix pattern 20, the alignment mark may be used for
alignment in the mask exposing process of forming the black
matrix pattern 20.

[0101] Here, the alignment mark at the OLED substrate
may be used for alignment in the subsequent mask exposing
processes of forming the color filter patterns 60, the black
matrix pattern 20 or other film layers.

[0102] In this embodiment, the presence of the alignment
mark at the OLED substrate facilitates alignment in the
subsequent mask exposing processes of forming the color
filter patterns 60, the black matrix pattern 20 or other film
layers, thereby ensuring accuracy of positions of the formed
color filter patterns 60, the black matrix pattern 20 or other
film layers.

[0103] Optionally, as shown in FIG. 4 and FIG. 12,
irradiating light to one side of the base substrate 10 away
from the black matrix pattern 20 includes: irradiating light to
one side of the base substrate 10 away from the black matrix
pattern 20 with the light perpendicular to the base substrate
10.

[0104] Here, the light perpendicular to the base substrate
10 means that a transmission direction of the light is
perpendicular to the base substrate 10.

[0105] In one embodiment, when the light is irradiated to
the base substrate 10 in a direction perpendicular to the base
substrate 10, the portions of the negative photoresist layer 30
that are blocked by the black matrix pattern 20 cannot be
irradiated by light, and the portions of the negative photo-
resist layer 30 on the black matrix pattern 20 can be
completely removed away after the development treatment.
Thus, when the conductive layer 40 is formed on the
negative photoresist layer 30 and then the negative photo-
resist layer 30 is lifted off, the size of the formed auxiliary
cathode pattern 50 is theoretically the same as the size of the
black matrix pattern 20, thereby enabling the formed aux-
iliary cathode pattern 50 to have the largest size.

[0106] Oneembodiment of the present disclosure provides
an OLED substrate. As shown in FIG. 7, the OLED substrate
includes a base substrate 10, a black matrix pattern 20 on the
base substrate 10, and an auxiliary cathode pattern 50 on the
black matrix pattern 20. The auxiliary cathode pattern 50
may be obtained through the above method.

[0107] In one embodiment, when the auxiliary cathode
pattern 50 is manufactured according to the method which
includes: forming a negative photoresist layer 30 covering a
black matrix pattern 20 on a base substrate 10; irradiating
light to one side of the base substrate 10 away from the black
matrix pattern 20 to expose the negative photoresist layer
30; removing the portions of the negative photoresist layer
30 that are blocked by the black matrix pattern 20 by means
of development, thereby forming a negative photoresist
pattern 30A; forming a conductive layer 40 on the negative
photoresist pattern 30A; lifting off the negative photoresist
pattern 30A to form an auxiliary cathode pattern 50, in the
process of manufacturing the auxiliary cathode pattern 50,
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no mask plate is required and the etch process is omitted,
thereby reducing the production costs.

[0108] In one embodiment, when the auxiliary cathode
pattern 50 is manufactured according to the method which
includes: forming a conductive layer 40 covering a black
matrix pattern 20 on a base substrate 10; forming a positive
photoresist layer 70 covering the conductive layer 40; irra-
diating light to one side of the base substrate 10 away from
the black matrix pattern 20 to expose the positive photoresist
layer 70; removing the portions of the positive photoresist
layer 70 that are not blocked by the black matrix pattern 20
by means of development, thereby forming a positive pho-
toresist pattern 70A; etching the conductive layer 40, and
lifting off the positive photoresist pattern 70A to form an
auxiliary cathode pattern 50, in the process of manufacturing
the auxiliary cathode pattern 50, no mask plate is required,
thereby reducing the production costs.

[0109] One embodiment of the present disclosure further
provides a display device which includes an OLED substrate
and an array substrate. The OLED substrate and the array
substrate together define a cell. The OLED substrate may be
the above OLED substrate.

[0110] Here, the array substrate includes an anode, a
cathode and a luminescent layer between the anode and the
cathode. The luminescent layer includes at least one of a
light emitting layer, a hole transfer layer, a hole injection
layer, an electron transfer layer and an electron injection
layer.

[0111] The display device provided in one embodiment of
the present disclosure may be any device that displays an
image regardless of motion (for example, video)) or fixed
(for example, static image) and whether it is a text or a
picture. More specifically, it is contemplated that the
embodiments may be implemented in or associated with a
variety of electronic devices such as, but not limited to,
mobile phones, wireless devices, personal data assistants
(PDAs), hand-held or portable computer, GPS receiver/
navigator, camera, MP4 video player, camera, game console,
watch, clock, calculator, TV monitor, flat panel display,
computer monitor, car display (i.e., odometer displays, etc.),
navigators, cockpit controllers and/or monitors, displays of
camera views (i.e., rear view camera displays in vehicles),
electronic photographs, electronic billboards or signs, pro-
jectors, building structures, packaging and an esthetic struc-
ture (for example, a display for an image of a piece of
jewelry), etc. In addition, the display device may also be a
display panel.

[0112] According to the display device of one embodiment
of the present disclosure, since no mask plate is required in
the process of manufacturing the auxiliary cathode pattern
50 of the OLED substrate, thereby reducing the production
costs of the display device.

[0113] The above are merely the preferred embodiments
of the present disclosure and shall not be used to limit the
scope of the present disclosure. It should be noted that, a
person skilled in the art may make improvements and
modifications without departing from the principle of the
present disclosure, and these improvements and modifica-
tions shall also fall within the scope of the present disclo-
sure.

What is claimed is:

1. A method for manufacturing an organic light-emitting
diode substrate, comprising:
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on a base substrate with a black matrix pattern, forming
a conductive layer covering the black matrix pattern
and a photoresist pattern through one patterning pro-
cess by taking the black matrix pattern as a mask plate,
wherein the photoresist pattern partially stacks on the
conductive layer; and

removing the photoresist pattern and portions of the

conductive layer that do not cover the black matrix
pattern, with portions of the conductive layer that cover
the black matrix pattern forming a patterned conductive
layer.

2. The method of claim 1, wherein on a base substrate
with a black matrix pattern, forming a conductive layer
covering the black matrix pattern and a photoresist pattern
through one patterning process by taking the black matrix
pattern as a mask plate, wherein the photoresist pattern
partially stacks on the conductive layer, includes:

forming a negative photoresist layer covering the black

matrix pattern on the base substrate;

irradiating light to one side of the base substrate away

from the black matrix pattern to expose the negative
photoresist layer;

removing unexposed portions of the negative photoresist

layer that are blocked by the black matrix pattern by
means of development, thereby forming a negative
photoresist pattern; and

forming the conductive layer covering the black matrix

pattern and the negative photoresist pattern.

3. The method of claim 2, wherein the removing the
photoresist pattern and portions of the conductive layer that
do not cover the black matrix pattern, with portions of the
conductive layer that cover the black matrix pattern forming
a patterned conductive layer, includes:

lifting off the negative photoresist pattern and the portions

of the conductive layer that stack on the negative
photoresist pattern, thereby forming the patterned con-
ductive layer.

4. The method of claim 2, wherein the forming the
conductive layer covering the black matrix pattern and the
negative photoresist pattern includes:

forming the conductive layer covering the black matrix

pattern and the negative photoresist pattern in such a
manner that portions of the conductive layer on the
negative photoresist pattern are separated from portions
of the conductive layer on the black matrix pattern.

5. The method of claim 4, wherein the forming the
conductive layer covering the black matrix pattern and the
negative photoresist pattern in such a manner that portions
of the conductive layer on the negative photoresist pattern
are separated from portions of the conductive layer on the
black matrix pattern includes:

forming the conductive layer covering the black matrix

pattern and the negative photoresist pattern in such a
manner that a difference between a thickness of the
black matrix pattern and a thickness of the negative
photoresist pattern is greater than a thickness of the
conductive layer.

6. The method of claim 2, wherein before the forming a
negative photoresist layer covering the black matrix pattern
on the base substrate, the method further includes:

forming an alignment mark at a non-display region of the

base substrate, and forming the black matrix pattern at
a display region of the base substrate.
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7. The method of claim 2, wherein the irradiating light to
one side of the base substrate away from the black matrix
pattern includes:

irradiating light to one side of the base substrate away

from the black matrix pattern with the light substan-
tially perpendicular to the base substrate.

8. The method of claim 2, wherein after the removing
unexposed portions of the negative photoresist layer that are
blocked by the black matrix pattern by means of develop-
ment, thereby forming a negative photoresist pattern, the
negative photoresist pattern and the black matrix pattern are
in an identical layer.

9. The method of claim 2, wherein after the removing
unexposed portions of the negative photoresist layer that are
blocked by the black matrix pattern by means of develop-
ment, thereby forming a negative photoresist pattern, the
negative photoresist pattern and the black matrix pattern are
directly formed on the base substrate in an identical layer.

10. The method of claim 1, wherein on a base substrate
with a black matrix pattern, forming a conductive layer
covering the black matrix pattern and a photoresist pattern
through one patterning process by taking the black matrix
pattern as a mask plate, wherein the photoresist pattern
partially stacks on the conductive layer, includes:

forming the conductive layer covering the black matrix

pattern on the base substrate;

forming a positive photoresist layer covering the conduc-

tive layer;

irradiating light to one side of the base substrate away

from the black matrix pattern to expose the positive
photoresist layer;

removing exposed portions of the positive photoresist

layer that are not blocked by the black matrix pattern by
means of development, thereby forming a positive
photoresist pattern.

11. The method of claim 10, wherein the removing the
photoresist pattern and portions of the conductive layer that
do not cover the black matrix pattern, with portions of the
conductive layer that cover the black matrix pattern forming
a patterned conductive layer, includes:

etching away the portions of the conductive layer that do

not cover the black matrix pattern, and lifting off the
positive photoresist pattern, thereby enabling portions
of the conductive layer that covers the black matrix
pattern to form the patterned conductive layer.
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12. The method of claim 7, wherein the lifting off the
positive photoresist pattern includes: lifting off the positive
photoresist pattern with a stripping solution.

13. The method of claim 10, wherein after the removing
exposed portions of the positive photoresist layer that are not
blocked by the black matrix pattern by means of develop-
ment, thereby forming a positive photoresist pattern, the
positive photoresist pattern covers the black matrix pattern.

14. The method of claim 13, wherein after the removing
exposed portions of the positive photoresist layer that are not
blocked by the black matrix pattern by means of develop-
ment, thereby forming a positive photoresist pattern, the
positive photoresist pattern and the black matrix pattern are
in different layers.

15. The method of claim 10, wherein before the forming
a positive photoresist layer covering the conductive layer,
the method further includes:

forming an alignment mark at a non-display region of the

base substrate, and forming the black matrix pattern at
a display region of the base substrate.

16. The method of claim 10, wherein irradiating light to
one side of the base substrate away from the black matrix
pattern includes:

irradiating light to one side of the base substrate away

from the black matrix pattern with the light substan-
tially perpendicular to the base substrate.

17. The method of claim 1, wherein after forming a
patterned conductive layer, the method further includes:
forming color filter patterns in hollow-out regions of the
black matrix pattern.

18. The method of claim 1, wherein the conductive layer
is a three-layer laminated structure.

19. The method of claim 18, wherein the three-layer
laminated structure includes a middle layer that is made of
Al and Nd alloy, and two lateral layers that are made of Mo.

20. The method of claim 1, wherein removing the pho-
toresist pattern and portions of the conductive layer that do
not cover the black matrix pattern, with portions of the
conductive layer that cover the black matrix pattern forming
a patterned conductive layer further includes:

removing portions of the conductive layer that are at

edges of the black matrix pattern.
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