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(57) ABSTRACT

An electroluminescent display panel, a method for manu-
facturing the same, and a mask are provided. The method for
manufacturing an electroluminescent display panel includes:
forming, on at least one side of a predetermined light-
emitting layer of the electroluminescent display panel, an
electrode layer having a pattern corresponding to patterns of
masks under shielding of the masks through an evaporation
process, wherein the predetermined light-emitting layer is a
film layer for forming a light-emitting layer of the electrolu-
minescent display panel.
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ELECTROLUMINESCENT DISPLAY PANEL,
METHOD FOR MANUFACTURING THE
SAME, AND MASK

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the priority of Chi-
nese Patent Application No. 201810065082.6, filed on Jan.
23, 2018 in the Chinese Patent Office, the contents of which
are 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 electroluminescent dis-
play panel, a method of manufacturing the same, and a
mask.

BACKGROUND

[0003] Touch electrodes of an electroluminescent display
panel generally include a plurality of block-shaped touch
electrodes and touch lead wires connected in one-to-one
correspondence with the touch electrodes, and the touch
electrodes are spaced apart from each other.

SUMMARY

[0004] According to an aspect of the disclosure, a method
for manufacturing an electroluminescent display panel is
provided, the method may include:

[0005] Forming masks according to at least two sub-
patterns divided from a first pattern of an electrode layer to
be formed of the electroluminescent display panel, respec-
tively, each of the masks having a pattern corresponding to
a responding one of the at least two sub-patterns; and
[0006] Forming, on at least one side of a predetermined
light-emitting layer of the electroluminescent display panel,
the electrode layer having the first pattern corresponding to
the patterns of the masks under shielding of the masks
through an evaporation process, the predetermined light-
emitting layer being a film layer for forming a light-emitting
layer of the electroluminescent display panel.

[0007] In an embodiment, the electrode layer is a cathode
layer; the cathode layer also serves as a touch electrode
layer; and the touch electrode layer may includes a plurality
of sub-touch electrodes which are mutually spaced apart
from each other and touch lead wires connected in one-to-
one correspondence with the sub-touch electrodes.

[0008] In an embodiment, the masks may include a first
sub-mask and a second sub-mask; the first sub-mask may
include a pattern corresponding to the sub-touch electrodes;
and the second sub-mask may include a pattern correspond-
ing to the touch lead wires.

[0009] The step of forming, on at least one side of a
predetermined light-emitting layer of the electroluminescent
display panel, the electrode layer having the first pattern
corresponding to the patterns of the masks under shielding
of the masks through an evaporation process may include:
forming a pattern matched with the sub-touch electrodes on
the predetermined light-emitting layer under shielding of the
first sub-mask through the evaporation process; and forming
a pattern matched with the touch lead wires on the prede-
termined light-emitting layer on which the sub-touch elec-
trodes are formed under shielding of the second sub-mask
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through the evaporation process, each of the touch lead
wires being connected to a responding one of the sub-touch
electrodes.

[0010] In an embodiment, the masks may include a first
sub-mask and a second sub-mask; the first sub-mask may
include a pattern corresponding to the sub-touch electrodes;
and the second sub-mask may include a pattern correspond-
ing to the touch lead wires.

[0011] The step of forming, on at least one side of a
predetermined light-emitting layer of the electroluminescent
display panel, the electrode layer having the first pattern
corresponding to the patterns of the masks under shielding
of the masks through an evaporation process may include:
forming a pattern matched with the touch lead wires on the
predetermined light-emitting layer under shielding of the
second sub-mask through the evaporation process; and
forming a pattern matched with the sub-touch electrodes on
the predetermined light-emitting layer on which the touch
lead wires are formed under shielding of the first sub-mask
through the evaporation process, each of the touch lead
wires being connected to a responding one of the sub-touch
electrodes.

[0012] In an embodiment, the first sub-mask may include
a plurality of block-shaped first openings arranged in an
array. For the first openings in each row, the first openings
have lengths in a column direction perpendicular to a row
direction that are sequentially decreased from a central
region to each of both sides of the row.

[0013] The second sub-mask may include groups of sec-
ond openings arranged in a plurality of rows and two
columns, each group of second openings may include a
plurality of second openings each of which is in a strip
shape.

[0014] Second openings in each group of second openings
have sequentially increased lengths in the column direction.
[0015] The step of forming a pattern matched with the
sub-touch electrodes on the predetermined light-emitting
layer under shielding of the first sub-mask through the
evaporation process and the step of forming a pattern
matched with touch lead wires on the predetermined light-
emitting layer under shielding of the second sub-mask
through the evaporation process may include: forming the
sub-touch electrodes arranged in an array on the predeter-
mined light-emitting layer under shielding of the first sub-
mask through the evaporation process, the sub-touch elec-
trodes in each row have lengths in the column direction that
are sequentially decreased from a central region to each of
both sides of the row; and forming a touch lead wire
connected to each of the sub-touch electrodes at a lower end
of the sub-touch electrode under shielding of the second
sub-mask, the touch lead wires corresponding to a row of
sub-touch electrodes being located in a gap between the row
of sub-touch electrodes and a next row of sub-touch elec-
trodes.

[0016] According to an aspect of the disclosure, an elec-
troluminescent display panel manufactured by the method
described above is provided.

[0017] In an embodiment, the electroluminescent display
panel may include the electrode layer as a cathode layer. The
cathode layer also serves as a touch electrode layer. The
touch electrode layer may include a plurality of sub-touch
electrodes which are mutually spaced apart from each other
and touch lead wires connected in one-to-one correspon-
dence with the sub-touch electrodes.
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[0018] In an embodiment, the touch electrode layer may
include a plurality of sub-touch electrodes arranged in an
array and touch lead wires arranged in a same layer as the
sub-touch electrodes.

[0019] For each row of sub-touch electrodes, the sub-
touch electrodes have lengths in a column direction perpen-
dicular to a row direction that are sequentially decreased
from a central region to each of both sides of the row.
[0020] A touch lead wire connected to each of the sub-
touch electrodes is formed at a lower end of the sub-touch
electrode.

[0021] The touch lead wires corresponding to a row of
sub-touch electrodes are located in a gap between the row of
sub-touch electrodes and a next row of sub-touch electrodes.
[0022] In an embodiment, the sub-touch electrodes are
self-capacitive electrodes.

[0023] According to an aspect of the disclosure, a mask is
provided, the mask may include a pattern corresponding to
the first pattern of the electrode layer of the electrolumines-
cent display panel.

[0024] In an embodiment, the mask may include a first
sub-mask and a second sub-mask. The electrode layer of the
electroluminescent display panel is a cathode layer. The
cathode layer also serves as a touch electrode layer. The
touch electrode layer may include a plurality of sub-touch
electrodes which are mutually spaced apart from each other
and touch lead wires connected in one-to-one correspon-
dence with the sub-touch electrodes.

[0025] The first sub-mask may include a plurality of
block-shaped first openings arranged in an array.

[0026] For the first openings in each row, the first openings
have lengths in a column direction perpendicular to a row
direction that are sequentially decreased from a central
region to each of both sides of the row.

[0027] The second sub-mask may include groups of sec-
ond openings arranged in a plurality of rows and two
columns, and each group of second openings may include a
plurality of second openings each of which is in a strip
shape.

[0028] The second openings in each group have sequen-
tially increased lengths in the column direction.

[0029] When the second sub-mask is aligned with the first
sub-mask, an orthographic projection of each of the groups
of second openings of the second sub-mask, on the first
sub-mask, is located in a gap between two adjacent rows of
first openings of the first sub-mask.

[0030] The orthographic projection of each of the groups
of second openings, on the first sub-mask, is in contact with
corresponding ones of the first openings of the first sub-
mask.

[0031] A combination of the first openings and the second
openings constitutes a pattern corresponding to the sub-
touch electrodes and a pattern corresponding to the touch
lead wires, each of the touch lead wires is connected to a
responding one of the sub-touch electrodes.

[0032] In an embodiment, at least a portion of the first
openings in a central region of the first sub-mask are first
standard openings, the first standard openings may icnlude
the at least a portion of the first openings which are adjacent
and symmetric to each other in a central region of the first
sub-mask, and remaining first openings other than the first
standard openings are first compensatory openings.

[0033] Each of the first compensatory openings is pro-
vided with a first compensatory region at an end of the first
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compensatory opening proximal to a next row of first
openings, a pattern formed by each of the first compensatory
openings and a corresponding one of the first compensatory
regions is the same as a pattern formed by each of the first
standard openings, and each of the first compensatory
regions is a region having a reduced thickness.

[0034] In an embodiment, for each group of second open-
ings, a second opening that is closest to a group of second
openings in a next column is a second standard opening, and
remaining second openings other than the second standard
opening are second compensatory openings. Each of the
second compensatory openings is provided with a second
compensatory region at an end of the second compensatory
opening proximal to a next column of second openings. A
pattern formed by each of the second compensatory open-
ings and a corresponding second compensatory region is the
same as a pattern formed by each of the second standard
openings. Each of the second compensatory regions is a
region having a reduced thickness.

[0035] In an embodiment, each of the first compensatory
regions has a thickness that is half a thickness of the first
sub-mask. Each of the second compensatory regions has a
thickness that is half a thickness of the second sub-mask.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a flow diagram for manufacturing an
electroluminescent display panel according to an embodi-
ment of the present disclosure;

[0037] FIG. 2 is a schematic diagram of a structure of a
touch electrode according to an embodiment of the present
disclosure;

[0038] FIG. 3 is a schematic diagram of a structure of a
first sub-mask according to an embodiment of the present
disclosure;

[0039] FIG. 4 is a schematic diagram of a structure of a
second sub-mask according to an embodiment of the present
disclosure;

[0040] FIG. 5 is a schematic diagram of a structure of a
first sub-mask provided with a first compensatory region
according to an embodiment of the present disclosure;
[0041] FIG. 6 is a schematic diagram of a structure of a
second sub-mask provided with a second compensatory
region according to an embodiment of the present disclo-
sure; and

[0042] FIG. 7 is a schematic diagram of a structure of an
electroluminescent display panel according to an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0043] 1In order to make the objects, technical solutions
and advantages of the embodiments of the present disclosure
more clear, the technical solutions of the embodiments of the
present disclosure will be clearly and completely described
below in conjunction with the drawings of the embodiments
of the present disclosure. It is apparent that the described
embodiments are only some embodiments of the present
disclosure, and not all embodiments of the present disclo-
sure. Other embodiments obtained by a person of ordinary
skill in the art based on the described embodiments of the
present disclosure without departing from the scope of the
present invention are within the scope of the disclosure.

[0044] Technical or scientific terms used in the present
disclosure are intended to be understood in the general sense
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by one of ordinary skill in the art, unless otherwise defined.
The terms such as “first”, “second” used in the present
disclosure do not denote any order, quantity, or importance,
but are used to distinguish different components. The words
“including”, “comprising”, and the like, are intended to
mean that the elements or items before the words contain
elements or items listed behind the words, and do not
exclude other elements or items. “Connected” or “connect-
ing” and the like are not limited to physical or mechanical
connections, but may include directly or indirectly electrical
connections. “Upper”, “lower”, “left”, “right”, etc. are only
used to indicate the relative positional relationship, and
when the absolute position of the object being described is
changed, the relative positional relationship may also
change accordingly.

[0045] 1In order 1o keep description of the embodiments of
the present disclosure clear and concise, detailed descrip-
tions of known functions and known components are omit-
ted in the present disclosure.

[0046] FIG. 1 is a flow diagram for manufacturing an
electroluminescent display panel according to an embodi-
ment of the present disclosure. Referring to FIG. 1, a method
for manufacturing an electroluminescent display panel is
provided in an embodiment of the present disclosure, the
method may include the following step S100.

[0047] In step S100, an electrode layer having a pattern
corresponding to a pattern of a mask is formed under
shielding of the mask through an evaporation process, on at
least one side of a predetermined light-emitting layer of an
electroluminescent display panel. The predetermined light-
emitting layer is a film layer for forming a light-emitting
layer of the electroluminescent display panel.

[0048] In the embodiment of the disclosure, the electrode
layer having the pattern corresponding to the pattern of the
mask is formed on at least one side of a predetermined
light-emitting layer of an electroluminescent display panel,
under shielding of the mask through an evaporation process.
It is unnecessary to form a photoresist firstly, to etch the
photoresist into a photoresist shielding wall having an
inverted trapezoidal shape, and to perform an evaporation
process so as to form mutually spaced apart electrode
patterns. Because the photoresist shielding wall having an
inverted trapezoidal shape is formed at a certain slop angle,
a relatively complicated manufacturing process is required
and the stability of a current structure of the inverted
trapezoidal photoresist cannot be ensured. Therefore,
according to the method for manufacturing a touch electrode
of an electroluminescent display panel provided by the
present disclosure, the process of manufacturing the elec-
trode layer can be simplified, and the performance of the
formed electrode layer can be stabilized.

[0049] The manufacturing method according to the
embodiment of the present disclosure may form the elec-
trode layer using several masks (e.g., two masks), so as to
omit a photoresist etching process, and may be compatible
with the existing evaporation and packaging processes of
mass-manufactured display panels, which facilitates the
mass production of display panels.

[0050] In an embodiment, a light-emitting layer may be
formed first, and then an electrode layer is formed on the
light-emitting layer. Alternatively, an electrode layer may be
formed first, and then a light-emitting layer may be formed
on the electrode layer.
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[0051] Specifically, an electroluminescent display panel
may be an Organic Light-Emitting Diode (OLED) panel or
a Quantum Dot Light-emitting Diode (QLED) panel.
[0052] Specifically, the electrode layer may be an anode
layer or a cathode layer of the electroluminescent display
panel.

[0053] In an embodiment, prior to the formation the elec-
trode layer, the method of manufacturing the electrolumi-
nescent display panel further includes the step of forming a
mask having a patter according to a pattern of the electrode
layer to be formed.

[0054] In an embodiment, the step of forming a mask
having a pattern according to a pattern of the electrode layer
to be formed includes: forming masks according to at least
two sub-patterns divided from a pattern of an electrode layer
to be formed of the electroluminescent display panel, respec-
tively, each of the masks having a pattern corresponding to
a responding one of the at least two sub-patterns

[0055] Forexample, the electrode layer is a cathode layer,
and the cathode layer also serves as a touch electrode layer.
In an embodiment, the touch electrode layer may include a
plurality of sub-touch electrodes which are mutually spaced
apart from each other and touch lead wires connected in
one-to-one correspondence with the sub-touch electrodes.
The masks may include a first sub-mask and a second
sub-mask. The first sub-mask may include a pattern corre-
sponding to the sub-touch electrodes, and the second sub-
mask may include a pattern corresponding to the touch lead
wires. In an embodiment, the pattern corresponding to the
sub-touch electrodes is formed first, and then the pattern
corresponding to the touch lead wires is formed. Alterna-
tively, in another embodiment, the pattern corresponding to
the touch lead wires is formed first, and then the pattern
corresponding to the sub-touch electrodes is formed.
[0056] In an embodiment, the step of forming, on at least
one side of a predetermined light-emitting layer of the
electroluminescent display panel, the electrode layer having
the pattern corresponding to the patterns of the masks, under
shielding of the masks through an evaporation process may
include the following steps:

[0057] Forming the pattern corresponding to or matched
with the sub-touch electrodes on the predetermined light-
emitting layer under shielding of the first sub-mask through
the evaporation process; and

[0058] Forming the pattern corresponding to the touch
lead wires on the predetermined light-emitting layer of the
electroluminescent display panel on which the sub-touch
electrodes are formed, under shielding of the second sub-
mask through the evaporation process. Each of the touch
lead wires is connected to a responding one of the sub-touch
electrodes.

[0059] Alternatively, the step of forming, on at least one
side of a predetermined light-emitting layer of the electrolu-
minescent display panel, the electrode layer having the
pattern corresponding to the patterns of the masks, under
shielding of the first sub-mask and the second sub-mask
through an evaporation process may include the following
steps:

[0060] Forming the pattern corresponding to touch lead
wires on the predetermined light-emitting layer under
shielding of the second sub-mask through the evaporation
process; and

[0061] Forming the pattern corresponding to the sub-touch
electrodes on the predetermined light-emitting layer of the
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electroluminescent display panel on which the sub-touch
electrodes are formed, under shielding of the first sub-mask
through the evaporation process. Each of the touch lead
wires is connected to a responding one of the sub-touch
electrodes.

[0062] Since the mask is generally formed on a mask
frame by stretching and soldering a plurality of mask strips
including vapor deposition openings. In case where the
pattern of the electrode layer is relatively complicated, if the
pattern of the electrode layer is directly formed through a
pattern on one mask, the vapor deposition openings on the
mask strips may be deformed when the mask strips are
stretched. Thus, the predetermined pattern of the electrode
layer cannot be formed. Therefore, at least two masks may
be manufactured according to at least two sub-patterns
divided by the pattern of the electrode layer to be formed,
wherein one mask corresponds to one sub-pattern (e.g., a
sub-pattern of the sub-touch electrodes) of the electrode
layer, and another mask corresponds to another sub-pattern
(e.g., a sub-pattern of the touch lead wires) of the electrode
layer, thereby forming a complete pattern of the electrode
layer. It should be understood that the at least two divided
sub-patterns are patterns that are not easily deformed in the
stretching direction, which will be described in detail below.

[0063] In an embodiment, the electrode layer is a cathode
layer, and the cathode layer also serves as a touch electrode
layer. For example, the touch electrode layer to be formed
includes a plurality of sub-touch electrodes which are mutu-
ally spaced apart from each other and touch lead wires
connected in one-to-one correspondence with the sub-touch
electrodes.

[0064] FIG. 2 is a schematic diagram of a structure of a
touch electrode according to an embodiment of the present
disclosure. As shown in FIG. 2, the touch electrode layer
includes a plurality of sub-touch electrodes 30 arranged in
an array and a plurality of touch lead wires 31 disposed in
the same layer as the sub-touch electrodes 30. That is, the
electrode layer is divided into a sub-pattern of the sub-touch
electrodes 30 and a sub-pattern of the touch lead wires 31.
For each row of sub-touch electrodes 30, along OE and OF
directions extending from the middle or a central region of
the row to each of both sides of the row, the sub-touch
electrodes 30 have lengths L1 in a direction perpendicular to
the row direction that are sequentially decreased. In other
words, for each row of the sub-touch electrodes 30, the
lengths L1 of the sub-touch electrodes are decreased from
the central region to the both sides in the row direction. In
other words, in the EF direction (i.e., the row direction), for
each row of the sub-touch electrodes 30, the lengths L1 of
the sub-touch electrodes 30 in the direction (the column
direction) perpendicular to the row direction are decrease
sequentially from the central region (i.e., the position O)
toward the both sides (i.e., the OE direction and the OF
direction). For example, the sub-touch electrodes 30 located
at the central region have the longest length, and the
sub-touch electrodes 30 at the leftmost and rightmost sides
have the smallest length. Each of the sub-touch electrodes 30
is provided at a lower end thereof with a touch lead wire 31
that is in contact with the sub-touch electrode 30. The touch
lead wires 31 corresponding to a row of the sub-touch
electrode 30 are located in a gap between the row of
sub-touch electrodes 30 and a next row of sub-touch elec-
trodes 30.
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[0065] FIG. 3 is a schematic diagram of a structure of a
first sub-mask according to an embodiment of the present
disclosure. As shown in FIG. 3, the mask includes a first
sub-mask 1 and a second sub-mask 2 which is shown in FIG.
4. The first sub-mask 1 includes a pattern matched with the
sub-touch electrodes 30, and the second sub-mask 2 includes
a pattern matched with the touch lead wires 31. Referring to
FIG. 3, the first sub-mask 1 is provided with block-shaped
first openings 10 (for example, rectangular first openings 10)
distributed in an array. For the first openings 10 in each row,
along AB or AC direction extending from the middle (or the
central region) to each of the both sides of the row, the first
openings 10 have lengths in the direction (i.e., column
direction) perpendicular to the row direction that are sequen-
tially decreased. As shown in the FIG. 3, along the AB
direction extending from the middle to the left side of the
row and AC direction extending from the middle to the right
side of the row in FIG. 3, the first openings have the lengths
in the direction perpendicular to the row direction that are
decreased sequentially. In other words, in the BC direction
(i.e., the row direction), the lengths [.2 of the first openings
10 in the direction perpendicular to the row direction is
decreased sequentially from the central region (i.e., position
A)) toward the both sides (i.e., side B and side C). For
example, the first openings 12 in the middle or at the central
region have the largest length, and first openings 13 on the
leftmost and rightmost sides have the smallest length.

[0066] FIG. 4 is a schematic diagram of a structure of a
second sub-mask according to an embodiment of the present
disclosure. Referring to FIG. 4, the second sub-mask 2
includes groups of second openings 20 arranged in two
columns and a plurality of rows. For example, FIG. 4 shows
that the groups of second openings 20 are arranged in two
columns and four rows, but the present disclosure is not
limited thereto. The number of rows of the second opening
groups 20 can be set according to the number of electrodes.
In addition, each group of the second openings 20 includes
a plurality of second openings 201, 202, 203 that are parallel
to each other, and each of the second openings 201, 202, 203
has a strip shape. For example, FIG. 4 shows that each group
of the second openings 20 includes three second openings
201, 202, 203, but the disclosure is not limited thereto. The
number of the second openings of each group of the second
openings 20 can be directly related to the number of elec-
trodes. For each group of the second openings 20, along the
column direction perpendicular to the row direction and
directed to a next row of second openings 20, the second
openings 201, 202, 203 have lengths in the row direction that
are increased sequentially from each of the both sides
towards the middle or the central region of the row. In other
words, along the direction parallel to the length of the
second openings 201, 202, 203, the lengths L3 of the second
openings 201, 202, 203 are increased from top to bottom.
For example, the second opening 201 on the top has the
shortest length, the second opening 202 in the middle has a
length longer than that of the second opening 201, and the
second opening 203 on the bottom has the longest length that
is longer than the lengths of the second openings 201 and
202.

[0067] The steps of forming, on at least one side of the
predetermined light-emitting layer, the electrode layer hav-
ing a pattern corresponding to the patterns of the first
sub-mask and the second sub-mask, under shielding of the
first sub-mask and the second sub-mask through an evapo-
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ration process, based on a pattern of a touch electrode layer
to be formed, includes steps S1 and S2 as follows.

[0068] In step S1, the sub-touch electrodes arranged in an
array are formed on the predetermined light-emitting layer
under shielding of the first sub-mask through the evapora-
tion process. For each row of sub-touch electrodes, the
sub-touch electrodes in each row have lengths in the column
direction that are sequentially decreased along the directions
(i.e., AB and AC directions) from the central region to the
both sides of the row. In other words, for each row of
sub-touch electrodes, as shown in FIG. 2, the sub-touch
electrodes in each row have lengths L1 that are decreased
gradually from the middle to the two sides of the row
direction.

[0069] In step S2, a touch lead wire connected to each of
the sub-touch electrodes is formed at a lower end of the
sub-touch electrode, under shielding of the second sub-
mask. The touch lead wires corresponding to a row of
sub-touch electrodes are located in a gap between the row of
sub-touch electrodes and a next row of sub-touch electrodes.
[0070] It should be noted that, before the forming of the
touch electrode layer, the manufacturing method may further
include: forming a light-emitting layer of the display panel
by an evaporation process. Further, after the forming of the
touch electrode layer, the manufacturing method may further
include: forming a thin-film packaging layer by the evapo-
ration process. In the embodiment of the present disclosure,
the touch electrode is formed by using the mask through the
evaporation process, so that the manufacturing process of
the touch electrode is compatible with the manufacturing
processes of the light-emitting layer and the packaging layer
of the display panel, which is advantageous for mass pro-
duction of the display panel.

[0071] An embodiment of the present disclosure provides
an electroluminescent display panel, which is fabricated by
the manufacturing method according to the above embodi-
ments. In the electroluminescent display panel, the electrode
layer may be an anode or a cathode. Furthermore, the
electroluminescent display panel may include a light-emit-
ting layer. The electrode layer may be disposed under the
light-emitting layer. Alternatively, the electrode layer may
be disposed on/above the light-emitting layer. Alternatively,
two electrode layers may be disposed under the light-
emitting layer and on/above the light-emitting layer, respec-
tively. One electrode layer may be an anode layer under the
light-emitting layer, and the other electrode layer may be a
cathode layer above the light-emitting layer.

[0072] FIG. 7 is a schematic diagram of a structure of an
electroluminescent display panel according to an embodi-
ment of the present disclosure. An example that the electrode
layer as a cathode layer is located on/above the light-
emitting layer is described. Referring to FIG. 7, the elec-
troluminescent display panel may include a substrate 51, an
anode or anode layer 52 on the substrate 51, a light-emitting
layer 53 on the anode layer 52, and a cathode layer (which
also serves as the touch electrode layer 3) on the light-
emitting layer 53. Specifically, the touch electrode layer 3 is
disposed on the light-emitting layer 53. The touch electrode
layer 3 includes a plurality of sub-touch electrodes spaced
apart from each other and touch lead wires, each of the touch
lead wires being connected in one-to-one correspondence
with the sub-touch electrodes.

[0073] Specifically, as shown in FIG. 2, the touch elec-
trode layer 3 includes a plurality of sub-touch electrodes 30
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arranged in an array and a plurality of touch lead wires 31
disposed in the same layer as the sub-touch electrodes 30.
For each row of sub-touch electrodes 30, in a OF and OF
directions extending from the middle or a central region to
each of both sides of the row, the sub-touch electrodes 30
have lengths [.1 in a direction perpendicular to the row
direction that are sequentially decreased. In other words, for
each row of the sub-touch electrodes 30, the lengths L1 of
the sub-touch electrodes are decreased from the central
region to each of the both sides in the row direction. In other
words, in the EF direction (i.e., the row direction), for each
row of the sub-touch electrodes 30, the lengths L1 of the
sub-touch electrodes 30 in the direction (the column direc-
tion) perpendicular to the row direction are decreased
sequentially from the central region (i.e., the position O)
toward each of the both sides (i.e., the OFE direction and the
OF direction). For example, the sub-touch electrodes 30
located at the central region have the longest length, and the
sub-touch electrodes 30 at the leftmost and rightmost sides
have the smallest length. Each of the sub-touch electrodes 30
is provided at a lower end thereof with a touch lead wire 31
that is in contact with the sub-touch electrode 30. The touch
lead wires 31 corresponding to a row of the sub-touch
electrode 30 are located in a gap between the row of
sub-touch electrodes 30 and a next row of sub-touch elec-
trodes 30.

[0074] Inanembodiment, each of the sub-touch electrodes
30 may be formed as a rectangle shape, but the disclosure is
not limited thereto. It should be noted that each of the
sub-touch electrodes and each of the touch lead wires may
also have other shapes.

[0075] In an embodiment, the sub-touch electrodes are
self-capacitive touch electrodes.

[0076] In an embodiment, the electroluminescent display
panel may include an active matrix organic light-emitting
display panel.

[0077] A mask is provided according to an embodiment of
the disclosure, the mask may include a pattern correspond-
ing to a pattern of the electrode layer of the electrolumines-
cent display panel according to the above embodiments.
[0078] In an embodiment, the electrode layer of the elec-
troluminescent display panel is a cathode layer, and the
cathode layer also serves as a touch electrode layer. The
touch electrode layer may include a plurality of sub-touch
electrodes which are mutually spaced apart from each other
and touch lead wires connected in one-to-one correspon-
dence with the sub-touch electrodes.

[0079] Specifically, as shown in FIG. 2, the touch elec-
trode layer includes a plurality of sub-touch electrodes 30
arranged in an array and a plurality of touch lead wires 31
disposed in the same layer as the sub-touch electrodes 30.
That is, the pattern of the electrode layer is divided into a
sub-pattern of the sub-touch electrodes 30 and a sub-pattern
of the touch lead wires 31. For each row of sub-touch
electrodes 30, in the OF and OF directions extending from
the middle or a central region to each of both sides of the
row, the sub-touch electrodes 30 have lengths .1 in a
direction perpendicular to the row direction that are sequen-
tially decreased. In other words, for each row of the sub-
touch electrodes 30, the lengths L1 of the sub-touch elec-
trodes are decreased from the central region to the both sides
in the row direction. In other words, in the EF direction (i.e.,
the row direction), for each row of the sub-touch electrodes
30, the lengths L1 of the sub-touch electrodes 30 in the
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direction (the column direction) perpendicular to the row
direction are decreased sequentially from the central region
(i.e., the position O) toward each of the both sides (i.e., the
OE direction and the OF direction). For example, the
sub-touch electrodes 30 located at the central region have
the longest length, and the sub-touch electrodes 30 at the
leftmost and rightmost sides have the smallest length.
[0080] Each of the sub-touch electrodes 30 is provided at
a lower end thereof with a touch lead wire 31 that is in
contact with the sub-touch electrode 30. The touch lead
wires 31 corresponding to a row of the sub-touch electrode
30 are located in a gap between the row of sub-touch
electrodes 30 and a next row of sub-touch electrodes 30.
[0081] In an embodiment, the masks for manufacturing
the electrode layer may include a first sub-mask and a
second sub-mask. The first sub-mask includes a pattern
corresponding to the sub-touch electrodes, and the second
sub-mask includes a pattern corresponding to the touch lead
wires.

[0082] Referring to FIG. 3, the first sub-mask 1 is pro-
vided with block-shaped first openings 10 (for example, a
plurality of rectangular first openings 10) distributed in an
array. For the first openings 10 in each row, in the AB and
AC directions in FIG. 3 extending from the middle to each
of the both sides of the row, the first openings 10 have
lengths in the direction (i.e., column direction) perpendicu-
lar to the row direction that are sequentially decreased. As
shown in the FIG. 3, along the AB direction extending from
the middle to the left side of the row and AC direction
extending from the middle to the right side of the row in
FIG. 3, first openings have the lengths in the direction
perpendicular to the row direction that are decreased sequen-
tially. In other words, in the BC direction (i.e., the row
direction), the lengths .2 of the first openings 10 in the
direction perpendicular to the row direction is decreased
sequentially from the central region (i.e., position A) toward
each of the both sides (i.e., side B and side C). For example,
the first openings 12 in the middle or at the central region
have the largest length, and first openings 13 on the leftmost
and rightmost sides have the smallest length.

[0083] Referring to FIG. 4, the second sub-mask 2
includes groups of second openings 20 arranged in two
columns and a plurality of rows. For example, FIG. 4 shows
that the groups of second openings 20 are arranged in two
columns and four rows, but the present disclosure is not
limited thereto. The number of rows of the second opening
groups 20 can be set according to the number of electrodes.
In addition, each group of the second openings 20 includes
second openings 201, 202, 203, and each of the second
openings 201, 202, 203 has a strip shape. For example, FIG.
4 shows that each group of the second openings 20 includes
three second openings 201, 202, 203, but the disclosure is
not limited thereto. The number of the second openings of
each group of the second openings 20 can be directly related
to the number of electrodes. For each group of the second
openings 20, along the column direction perpendicular to the
row direction and directed to a next row of second openings
20, the second openings 201, 202, 203 have lengths in the
row direction that are increased sequentially from the both
sides towards the middle or the central region of the row. In
other words, along the direction parallel to the length
direction of the second openings 201, 202, 203, the lengths
L3 of the second openings 201, 202, 203 are increased from
top to bottom. For example, the second opening 201 on the
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top has the shortest length, the second opening 202 in the
middle has a length longer than that of the second opening
201, and the second opening 203 on the bottom has the
longest length that is longer than the lengths of the second
openings 201 and 202. In an embodiment, when the elec-
troluminescent display panel is fabricated, the second sub-
mask 2 is vertically aligned with the first sub-mask 1, such
that an orthographic projection of each group of second
openings 20 of the second sub-mask 2, on the first sub-mask
1, is located in a gap between two adjacent rows of first
openings 10 of the first sub-mask 1, and the orthographic
projection, on the first sub-mask 1, of each group of second
openings 20 of the second sub-mask 2 is sequentially in
contact with corresponding ones (for example, three first
openings in the AB direction or in the AC direction in FIG.
3) of the first openings 10 of the first sub-mask 1. The
combination of the first openings 10 and the second open-
ings 20 constitutes a pattern for forming the sub-touch
electrodes 30 and a pattern of touch lead wires 31 connected
to the corresponding sub-touch electrodes 30.

[0084] The mask according to the embodiment of the
present disclosure includes a first sub-mask and a second
sub-mask. The first sub-mask includes a plurality of block-
shaped first openings distributed in an array, and the second
sub-mask includes a plurality of strip-shaped second open-
ings. With the cooperation of the first sub-mask and the
second sub-mask, the pattern of the sub-touch electrodes is
formed through the first openings of the first sub-mask, and
the pattern of the touch lead wires connected in one-to-one
correspondence with the sub-touch electrodes is formed
through the second openings of the second sub-mask. The
touch electrode of the display panel may be formed by using
the first sub-mask and the second sub-mask through two
evaporation processes, so that it is unnecessary to form a
photoresist firstly, to etch the photoresist into a photoresist
shielding wall having an inverted trapezoidal shape, and
then to perform an evaporation process so as to form
mutually spaced apart touch electrodes. Because the photo-
resist shielding wall having the inverted trapezoidal shape is
formed with a certain slop angle, a relatively complicated
manufacturing process is required and the stability of a
current structure of the inverted trapezoidal photoresist
cannot be ensured. Therefore, according to the method for
manufacturing an electrode layer of the electroluminescent
display panel by using the mask provided by the present
disclosure, the process of forming the electrode layer can be
simplified, and the performance of the formed electrode
layer can be stabilized. The manufacturing method accord-
ing to the embodiment of the present disclosure may form
the electrode layer using the first sub-mask and the second
sub-mask, so as to omit a photoresist etching process, and
may be compatible with the existing evaporation and pack-
aging processes of mass-manufactured display panels,
which facilitates the mass production of display panels.

[0085] Itshould be noted that, since the mask is formed by
stretching and welding a plurality of mask strips onto the
mask frame in the related art, the problem of poor evapo-
ration may occur during the manufacturing process due to a
large change in the shape of the openings of the mask strips
when the mask strips are stretched. However, in the present
disclosure, with the first sub-mask provided with a plurality
of block-shaped first openings arranged in an array and the
second sub-mask provided with second openings in a strip
shape, the pattern setting of the first sub-mask and the
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second sub-mask can avoid the problem of poor evaporation
that occurs in case where only one mask is used in the related
art.

[0086] FIG. 5 is a schematic diagram of structure of a first
sub-mask provided with a first compensation region accord-
ing to an embodiment of the present disclosure. Referring to
FIG. 5, at least part of the first openings in the middle or the
central region of the first sub-mask 1 are first standard
openings 12. Each of the first standard openings 12 among
all the first openings 10 has the largest area. The remaining
openings other than the first standard openings 12 are first
compensation openings 13. Each of the first compensation
openings is provided with a first compensation region 11 at
an end of the first compensation opening that is proximal to
the first openings in the next row. A pattern formed by each
of the first compensation openings and a corresponding one
of first compensation regions 11 is the same as a pattern
formed by the first standard opening 12, and the first
compensation region 11 is a region having a reduced thick-
ness. For example, the thickness of the first compensation
region 11 is half that of the first sub-mask 1. In the
embodiment of the present disclosure, since the first com-
pensation region 11 is disposed at the end of each of the first
compensation openings proximal to the next row of the first
openings, the regions in the first sub-mask 1 can have
substantially the same weight and stress, thereby avoiding
the wrinkle of the produced mask due to different sizes of the
openings in the mask when the mask is stretched during the
manufacturing process, preventing an offset of the evapo-
rated material due to the wrinkle in the evaporation process
after the stretch process, and ensuring that the evaporated
material is properly evaporated onto the substrate.

[0087] Inanembodiment, at least part of the first openings
that are adjacent and (axially) symmetrical to each other
with regard to a vertical central axis of the first sub-mask 1
are defined as the first standard openings 11, such as the two
openings in the middle of the first row as shown in FIG. 5.
Here, the adjacent and symmetrical arrangement means that
at least two first openings are adjacent, and are symmetri-
cally distributed with regard to the central axis of the first
sub-mask. Whether the first standard openings 11 have the
same size or not is not limited herein.

[0088] FIG. 6 is a schematic diagram of structure of a
second sub-mask provided with a second compensation
region according to an embodiment of the present disclo-
sure. Referring to FIG. 6, a second opening of each group of
second openings 20 that is nearest to a next group of second
openings 20 is defined as a second standard opening 203
(such as the lowest second opening 203 of the group of
second openings in the first row in FIG. 6). The second
standard opening 203 among all the second openings in a
group has the largest area. The remaining openings other
than the second standard openings 203 in a group are second
compensation openings 201, 202 (such as the first one and
the second one on the top of the group of second opening
20). Each of the second compensation openings 201 and 202
is provided with a second compensation region 22 at an end
of the second compensation opening that is proximal to the
second openings in the next column. A pattern formed by
each of the second compensation openings 201 and 202 and
a corresponding one of the second compensation regions 22
is the same as a pattern formed by the second standard
opening 203, and each of the second compensation regions
22 is a region having a reduced thickness. For example, the
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thickness of each of the second compensation regions 22 is
half that of the second sub-mask 2.
[0089] In the embodiment of the present disclosure, since
the second compensation region 22 is disposed at the end of
each of the second compensation openings proximal to the
next column of the second openings, the regions in the
second sub-mask 2 can have substantially the same weight
and stress, thereby avoiding the wrinkle of the produced
mask due to different sizes of the openings in the mask when
the mask is stretched during the manufacturing process,
preventing an offset of the evaporated material due to the
wrinkle in the evaporation process after the stretch process,
and ensuring that the evaporated material is properly evapo-
rated onto the substrate.
[0090] In an embodiment, each of the first opening has a
rectangle shape.
[0091] In the embodiment of the present disclosure, since
the first opening has a rectangle shape, the influence of the
stretching on the first sub-mask can be reduced when the first
sub-mask is manufactured, thereby avoiding a malfunction
of the formed touch electrode and realizing better touch
control.
[0092] It should be understood that the above implemen-
tations are merely exemplary embodiments for the purpose
of illustrating the principles of the present disclosure, how-
ever, the present disclosure is not limited thereto. It will be
apparent to those skilled in the art that various changes and
modifications can be made without departing from the spirit
and essence of the present disclosure, which are also to be
regarded as falling within the scope of the present disclo-
sure.
What is claimed is:
1. A method for manufacturing an electroluminescent
display panel, comprising:
forming masks according to at least two sub-patterns
divided from a first pattern of an electrode layer to be
formed of the electroluminescent display panel, respec-
tively, each of the masks having a pattern correspond-
ing to a responding one of the at least two sub-patterns;
and
forming, on at least one side of a predetermined light-
emitting layer of the electroluminescent display panel,
the electrode layer having the first pattern correspond-
ing to the patterns of the masks under shielding of the
masks through an evaporation process, the predeter-
mined light-emitting layer being a film layer for form-
ing a light-emitting layer of the electroluminescent
display panel.
2. The method according to claim 1, wherein
the electrode layer is a cathode layer;
the cathode layer also serves as a touch electrode layer;
and
the touch electrode layer comprises a plurality of sub-
touch electrodes which are mutually spaced apart from
each other and touch lead wires connected in one-to-
one correspondence with the sub-touch electrodes.
3. The method according to claim 2, wherein
the masks comprise a first sub-mask and a second sub-
mask;
the first sub-mask comprises a pattern corresponding to
the sub-touch electrodes; and
the second sub-mask comprises a pattern corresponding to
the touch lead wires; and



US 2019/0229155 Al

the step of forming, on at least one side of a predetermined
light-emitting layer of the electroluminescent display
panel, the electrode layer having the first pattern cor-
responding to the patterns of the masks under shielding
of the masks through an evaporation process com-
prises:

forming a pattern matched with the sub-touch electrodes
on the predetermined light-emitting layer under shield-
ing of the first sub-mask through the evaporation pro-
cess; and

forming a pattern matched with the touch lead wires on
the predetermined light-emitting layer on which the
sub-touch electrodes are formed under shielding of the
second sub-mask through the evaporation process, each
of the touch lead wires being connected to a responding
one of the sub-touch electrodes.

4. The method according to claim 2, wherein

the masks comprise a first sub-mask and a second sub-
mask;

the first sub-mask comprises a pattern corresponding to
the sub-touch electrodes; and

the second sub-mask comprises a pattern corresponding to
the touch lead wires; and

the step of forming, on at least one side of a predetermined
light-emitting layer of the electroluminescent display
panel, the electrode layer having the first pattern cor-
responding to the patterns of the masks under shielding
of the masks through an evaporation process com-
prises:

forming a pattern matched with the touch lead wires on
the predetermined light-emitting layer under shielding
of the second sub-mask through the evaporation pro-
cess; and

forming a pattern matched with the sub-touch electrodes
on the predetermined light-emitting layer on which the
touch lead wires are formed under shielding of the first
sub-mask through the evaporation process, each of the
touch lead wires being connected to a responding one
of the sub-touch electrodes.

5. The method according to claim 3, wherein

the first sub-mask comprises a plurality of block-shaped
first openings arranged in an array;

for the first openings in each row, the first openings have
lengths in a column direction perpendicular to a row
direction that are sequentially decreased from a central
region to each of both sides of the row;

the second sub-mask comprises groups of second open-
ings arranged in a plurality of rows and two columns,
each group of second openings comprises a plurality of
second openings each of which is in a strip shape; and

second openings in each group of second openings have
sequentially increased lengths in the column direction;
and

the step of forming a pattern matched with the sub-touch
electrodes on the predetermined light-emitting layer
under shielding of the first sub-mask through the
evaporation process and the step of forming a pattern
matched with touch lead wires on the predetermined
light-emitting layer under shielding of the second sub-
mask through the evaporation process comprise:

forming the sub-touch electrodes arranged in an array on
the predetermined light-emitting layer under shielding
of the first sub-mask through the evaporation process,
the sub-touch electrodes in each row have lengths in the
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column direction that are sequentially decreased from a
central region to each of both sides of the row; and
forming a touch lead wire connected to each of the

sub-touch electrodes at a lower end of the sub-touch
electrode under shielding of the second sub-mask, the
touch lead wires corresponding to a row of sub-touch
electrodes being located in a gap between the row of
sub-touch electrodes and a next row of sub-touch
electrodes.

6. An electroluminescent display panel, manufactured by
the method according to claim 1.

7. The electroluminescent display panel according to
claim 6, comprising the electrode layer as a cathode layer,
wherein

the cathode layer also serves as a touch electrode layer;
and

the touch electrode layer comprises a plurality of sub-
touch electrodes which are mutually spaced apart from
each other and touch lead wires connected in one-to-
one correspondence with the sub-touch electrodes.

8. The electroluminescent display panel according to

claim 6, wherein

the touch electrode layer comprises a plurality of sub-
touch electrodes arranged in an array and touch lead
wires arranged in a same layer as the sub-touch elec-
trodes;

for each row of sub-touch electrodes, the sub-touch elec-
trodes have lengths in a column direction perpendicular
to a row direction that are sequentially decreased from
a central region to each of both sides of the row;

a touch lead wire connected to each of the sub-touch
electrodes is formed at a lower end of the sub-touch
electrode; and

the touch lead wires corresponding to a row of sub-touch
electrodes are located in a gap between the row of
sub-touch electrodes and a next row of sub-touch
electrodes.

9. The electroluminescent display panel according to

claim 7, wherein

the sub-touch electrodes are self-capacitive electrodes.

10. A mask, comprising a pattern corresponding to the
first pattern of the electrode layer of the electroluminescent
display panel according to claim 6.

11. The mask according to claim 10, comprising a first
sub-mask and a second sub-mask, wherein

the electrode layer of the electroluminescent display panel
is a cathode layer;

the cathode layer also serves as a touch electrode layer;

the touch electrode layer comprises a plurality of sub-
touch electrodes which are mutually spaced apart from
each other and touch lead wires connected in one-to-
one correspondence with the sub-touch electrodes;

the first sub-mask comprises a plurality of block-shaped
first openings arranged in an array;

for the first openings in each row, the first openings have
lengths in a column direction perpendicular to a row
direction that are sequentially decreased from a central
region to each of both sides of the row;

the second sub-mask comprises groups of second open-
ings arranged in a plurality of rows and two columns,
and each group of second openings comprises a plu-
rality of second openings each of which is in a strip
shape;
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the second openings in each group have sequentially
increased lengths in the column direction;

when the second sub-mask is aligned with the first sub-
mask, an orthographic projection of each of the groups
of second openings of the second sub-mask, on the first
sub-mask, is located in a gap between two adjacent
rows of first openings of the first sub-mask;

the orthographic projection of each of the groups of
second openings, on the first sub-mask, is in contact
with corresponding ones of the first openings of the first
sub-mask; and

a combination of the first openings and the second open-
ings constitutes a pattern corresponding to the sub-
touch electrodes and a pattern corresponding to the
touch lead wires, each of the touch lead wires being
connected to a responding one of the sub-touch elec-
trodes.

12. The mask according to claim 11, wherein

at least a portion of the first openings in a central region
of the first sub-mask are first standard openings, the
first standard openings comprise the at least a portion of
the first openings which are adjacent and symmetric to
each other in a central region of the first sub-mask, and
remaining first openings other than the first standard
openings are first compensatory openings; and

each of the first compensatory openings is provided with
a first compensatory region at an end of the first
compensatory opening proximal to a next row of first
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openings, a pattern formed by each of the first com-
pensatory openings and a corresponding one of the first
compensatory regions is the same as a pattern formed
by each of the first standard openings, and each of the
first compensatory regions is a region having a reduced
thickness.

13. The mask according to claim 12, wherein

for each group of second openings, a second opening that
is closest to a group of second openings in a next
column is a second standard opening, and remaining
second openings other than the second standard open-
ing are second compensatory openings;

each of the second compensatory openings is provided
with a second compensatory region at an end of the
second compensatory opening proximal to a next col-
umn of second openings;

a pattern formed by each of the second compensatory
openings and a corresponding second compensatory
region is the same as a pattern formed by each of the
second standard openings; and

each of the second compensatory regions is a region
having a reduced thickness.

14. The mask according to claim 13, wherein

each of the first compensatory regions has a thickness that
is half a thickness of the first sub-mask; and

each of the second compensatory regions has a thickness
that is half a thickness of the second sub-mask.
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