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7) ABSTRACT

The present invention provides a mask, a display panel, a
method for manufacturing a display panel, and a display
device. The display panel has a hollow region and a display
region surrounding the hollow region. The display panel
includes a plurality of organic light-emitting devices
arranged only in the display region. Each of the plurality of
organic light-emitting devices includes an anode layer, a
cathode layer, a light-emitting layer and a functional layer.
The functional layer includes a plurality of uneven portions.

122 112 113

111

N

114
<d» 1140(11401)

fff/;/f/fff/fff/ff;’/fff/ PSS ST d ’ff’f/f/ff’fff;’f/f/fff/fx




Patent Application Publication  Jun. 6,2019 Sheet 1 of 9 US 2019/0173059 A1

FIG. 1
(Prior Art)
1
i
< { f\} 217 J
\\ ! /
FIG. 2
(Prior Art)
l3m
107+ 1
1140 A
(11401) i 1140
dt - — (11402)
20 B gt A
/ ~14
200

FIG. 3



Patent Application Publication  Jun. 6,2019 Sheet 2 of 9 US 2019/0173059 A1

12 12 113 111 114
, / ) ) ) g 1140011401
4 i . L AL s il

FIG. 4

/// o % 322b

7 7 \ “321b

/f/xfﬁfffﬁf 322a

12)2 /2 / / A) th_;JIMO(l 1402)

FIG. 6



Patent Application Publication  Jun. 6,2019 Sheet 3 of 9

10 %O 1140
|
|
\
FIG.7
301 (302
31a 32a 31? /2b

FIG. 8

107

/4

20

20

FIG. 9

US 2019/0173059 A1



Patent Application Publication

Jun. 6,2019 Sheet 4 of 9

US 2019/0173059 A1

20

FIG. 10
FIG. 11
11 11
12 113 111 1}4 3
MR Rop PPN

| P i 000000 55 5 A0 SO0 A R0 e e e

i’ R S — L —

] Hemma ] o o 1
15 al P

FI1G. 12




Patent Application Publication  Jun. 6,2019 Sheet 5 of 9 US 2019/0173059 A1

providing a substrate and at least one mask, wherein the substrate has a S1
first region and a second region, a projection of the first region on a /
plane of the substrate does not overlap with a projection of the second
region on the plane of the substrate, each of the at least one mask
mcludes an aperture portion and at least one shielding portion, and the at
least one shielding portion extends from an edge of the mask into the
mask
L S2
forming a functional layer on a side of the substrate sequentially by /
vapor deposition through the aperture portion of the at least one mask,
wherein the functional layer includes a first functional portion, a second
functional portion, and an uneven portion, and the first functional
portion and the second functional portion are respectively located on two
sides of the uneven portion; wherein the first functional portion covers
the second region, the second functional portion covers the first region,
and the first functional portion and the second functional portion are
arranged in a same layer

FIG. 13
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S217)

covering the through hole of the substrate using the first shiclding
portion of the first mask, covering the first region of the substrate using
the second shielding portion of the first mask, and exposing the second

region of the substrate from the aperture portion of the first mask

v S22

formmg the first functional portion on the side of the substrate by vapor >
deposition through the aperture portion of the first mask S2

S23

4

covering the throngh hole of the substrate using the first shiglding
portion of the second mask, covering the second region of the substrate
usimg the second shielding portion of the second mask, and exposing the
first region of the substrate from the aperture portion of the second mask

S24~

Y

forming the second functional portion on the side of the substrate by
vapor deposition through the aperture portion of the second mask

FIG. 15
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FIG. 22
- 821
covering the through hole of the substrate using the shielding
portion of the first mask, and exposing the second region of the
substrate from the aperture portion of the first mask
-~ 822
forming the first functional portion on the side of the substrate by
vapor deposition through the aperture portion of the first mask
523
covering the through hole of the substrate using the shielding
portion of the second mask, and exposing the first region of the
substrate from the aperture portion of the second mask
. — 524
forming the second functional portion on the side of the substrate
by vapor deposition through the aperture portion of the second
mask

FIG. 23
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DISPLAY PANEL, MASK, METHOD FOR
MANUFACTURING DISPLAY PANEL, AND
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Chinese
Patent Application No. 201810996167.6, filed on Aug. 29,
2018, the content of which is incorporated herein by refer-
ence in its entirety.

FIELD

[0002] The present disclosure relates to the field of display
technologies, and in particular, relates to a display panel, a
mask, a method for manufacturing a display panel, and a
display device.

BACKGROUND

[0003] With the development of display technologies and
diversified requirements of users for display devices, a
special-shaped displayer having an aperture arranged in the
middle has gained more and more attention.

[0004] However, for an OLED displayer, since functional
film layers such as an electron transport layer and an electron
injection layer are formed by vapor deposition, it is needed
to avoid the area where the aperture is located for all film
layers when manufacturing the special-shaped OLED dis-
player. This increases the manufacturing difficulty.

SUMMARY

[0005] In view of this, the present disclosure provides a
mask, a display panel, a method for manufacturing a display
panel, and a display device, aiming to solve the problem of
the big difficulty in manufacturing a special-shaped OLED
display having aperture arranged in the middle position in
the related art.

[0006] In an aspect., the present disclosure provides a
display panel. The display panel has a hollow region and a
display region surrounding the hollow region. The display
panel includes: a plurality of organic light-emitting devices,
the plurality of organic light-emitting devices being
arranged only in the display region rather than in the hollow
region. Each of the plurality of organic light-emitting
devices includes an anode layer, a cathode layer, a light-
emitting layer and a functional layer. The functional layer
includes a plurality of uneven portions.

[0007] In another aspect, the present disclosure provides a
method for manufacturing a display panel. The method
includes: providing a substrate and at least one mask, and the
substrate has a first region and a second region, a projection
of the first region on a plane of the substrate does not overlap
with a projection of the second region on the plane of the
substrate, the first region and the second region each extend
from an edge of the substrate into the substrate, each of the
at least one mask includes an aperture portion and at least
one shielding portion, and the at least one shielding portion
extends from an edge of the mask into the mask; and
forming a functional layer on a side of the substrate sequen-
tially by vapor deposition through the aperture portion of the
at least one mask, and the functional layer includes a first
functional portion, a second functional portion, and an
uneven portion, and the first functional portion and the
second functional portion are respectively located on two
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sides of the uneven portion. The first functional portion
covers the second region, the second functional portion
covers the first region, and the first functional portion and
the second functional portion are arranged in a same layer.
[0008] In still another aspect, the present disclosure pro-
vides a mask. The mask includes an aperture portion and a
shielding portion, and the shielding portion extends inward
from an edge of the mask.

[0009] In yet still another aspect, the present disclosure
provides a display device. The display device includes the
abovementioned display panel.

BRIEF DESCRIPTION OF DRAWINGS

[0010] Embodiments of the present disclosure are
described in the accompanying drawings. It should be noted
that the drawings described as follows are merely part of the
embodiments of the present disclosure.

[0011] FIG. 1 is a schematic diagram illustrating a shape
of a special-shaped displayer having an aperture arranged in
the middle in the related art;

[0012] FIG. 2 is a schematic diagram of a mask in the
related art;
[0013] FIG. 3 is a top view of a display panel according to

an embodiment of the present disclosure;

[0014] FIG. 4 is a schematic cross-sectional view along
AN of FIG. 3;
[0015] FIG. 5 is a schematic diagram of a mask according

to an embodiment of the present disclosure;

[0016] FIG. 6 is a cross-sectional view of another display
panel according to an embodiment of the present disclosure;
[0017] FIG. 7 is a top view of another display panel
according to an embodiment of the present disclosure;
[0018] FIG. 8 is a schematic diagram of another mask
according to an embodiment of the present disclosure;
[0019] FIG. 9 is a top view of still another display panel
according to an embodiment of the present disclosure;
[0020] FIG. 10 is a top view of yet still another display
panel according to an embodiment of the present disclosure;
[0021] FIG. 11 is a top view of yet still another display
panel according to an embodiment of the present disclosure;
[0022] FIG. 12 is a cross-sectional view along BB' of FIG.
3

[0023] FIG. 13 is a schematic flowchart of a method for
manufacturing a display panel according to an embodiment
of the present disclosure;

[0024] FIG. 14 is a schematic structural flowchart of the
method of FIG. 13;

[0025] FIG. 15 is a schematic flowchart of another method
for manufacturing a display panel according to an embodi-
ment of the present disclosure;

[0026] FIG. 16 is a schematic diagram of yet still another
mask according to an embodiment of the present disclosure;
[0027] FIG. 17 is a schematic structural flowchart of
another method for manufacturing a display panel according
to an embodiment of the present disclosure;

[0028] FIG. 18 is a schematic diagram of adjusting a
position of a first mask relative to a substrate according to an
embodiment of the present disclosure;

[0029] FIG. 19 is another schematic diagram of a first
mask according to an embodiment of the present disclosure;
[0030] FIG. 20 is a schematic structural flowchart of still
another method for manufacturing a display panel according
to an embodiment of the present disclosure;
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[0031] FIG. 21 is a schematic diagram of yet still another
mask according to an embodiment of the present disclosure;
[0032] FIG. 22 is a schematic structural flowchart of yet
still another method for manufacturing a display panel
according to an embodiment of the present disclosure;
[0033] FIG. 23 is a schematic flowchart of still another
method for fabricating a display panel according to an
embodiment of the present disclosure;

[0034] FIG. 24 is a schematic structural flowchart of the
method of FIG. 23;

[0035] FIG. 25 is a perspective view of another display
panel according to an embodiment of the present disclosure;
and

[0036] FIG. 26 is a schematic diagram of a display device
according to an embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0037] The terms used in the embodiments of the present
disclosure are merely for the purpose of describing particu-
lar embodiments but not intended to limit the present
disclosure. Unless otherwise noted in the context, the sin-
gular form expressions “a”, “an”, “the” and “said” used in
the embodiments and appended claims of the present dis-
closure are also intended to represent plural form expres-
sions thereof.

[0038] It should be understood that the term “and/or” used
herein is merely an association relationship describing asso-
ciated objects, indicating that there may be three relation-
ships, for example, A and/or B may indicate that three cases,
i.e., Aexisting individually, A and B existing simultaneously,
B existing individually. In addition, the character “/” herein
generally indicates that the related objects before and after
the character form an “or” relationship.

[0039] It should be understood that although a mask may
be described using the terms of “first”, “second”, etc., in the
embodiments of the present disclosure, the mask will not be
limited to these terms. These terms are merely used to
distinguish masks from one another. For example, without
departing from the scope of the embodiments of the present
disclosure, a first mask may also be referred to as a second
mask, and similarly, a second mask may also be referred to
as a first mask.

[0040] FIG. 1 is a schematic diagram illustrating a shape
of a special-shaped displayer having an aperture arranged in
the middle in the related art. With the development of
display technologies and diversified requirements of users
for display devices, the special-shaped displayer as shown in
FIG. 1 has gained more and more attention.

[0041] However, for an OLED displayer, since functional
film layers such as an electron transport layer and an electron
injection layer are formed by vapor deposition, it is needed
to avoid the area where the aperture is located for all film
layers when manufacturing the special-shaped OLED dis-
player. This increases the manufacturing difficulty.

[0042] At present, the special-shaped OLED display panel
as shown in FIG. 1 is generally manufactured by following
methods.

[0043] In a first method, a mask as shown in FIG. 2 is
used. FIG. 2 is a schematic diagram of a mask in the related
art. The mask 2' includes a baffle 21' for shielding the middle
aperture region of the special-shaped display panel. The
mask 2' further includes a support pillar 22' for supporting
the baffle 21'. When the special-shaped display panel shown
in FIG. 1 is manufactured by using the mask 2', a part of the
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display panel corresponding to the support pillar 22' cannot
be vapor-deposited due to the existence of the support pillar
22', which would have an influence on displaying of the
display panel.

[0044] In a second method, the aperture region 1' in the
middle of the special-shaped display panel is first ignored,
and then film layers including an electron transport layer, an
electron injection layer and the like functional film layer are
manufactured without an aperture. Then, the respective film
layers located at the aperture region 1' are removed so as to
form a shape as shown in FIG. 1. However, when manu-
facturing is carried out by this method, material residues will
unavoidably remain when the film layers located at the
aperture region 1' are removed, and may affect the subse-
quent packaging process of the display panel.

[0045] In view of this, an embodiment of the present
disclosure provides a display panel. FIG. 3 is a top view of
a display panel according to an embodiment of the present
disclosure. As shown in FIG. 3, the display panel includes a
hollow region 20 and a display region 10 surrounding the
hollow region 20. A plurality of organic light-emitting
devices 11 is provided in the display region 10, and no
organic light-emitting device 11 is provided in the hollow
region 20.

[0046] FIG. 4 is a schematic cross-sectional view along
AN of FIG. 3. As shown in FIG. 3 and FIG. 4, the organic
light-emitting device 11 includes an anode layer 111, a
cathode layer 112, a light-emitting layer 113, and a func-
tional layer 114. The functional layer 114 includes a plurality
of uneven portions 1140.

[0047] 1In this embodiment of the present disclosure, by
setting the uneven portions 1140 in the functional layer 114
included in the display panel, the display region 10 of the
display panel can be divided into at least two parts when
manufacturing the display panel. Here, each part of the
divided display region 10 extends from an edge of the
display panel into the display panel. Then, a first mask and
a second mask as shown in FIG. 5 are used to form the
functional layer 114 covering the entire display region 10 by
at least two vapor deposition processes. FIG. 5 is a sche-
matic diagram of a mask according to an embodiment of the
present disclosure. Here, patterns of the first mask 301 and
the second mask 302 are in one-to-one correspondence with
respective shapes of the plurality of parts into which the
display region 10 is divided, that is, shielding portions of the
first mask 301 and the second mask 302 each extend from
the edge into the first mask 301 and the second mask 302.
In this way, when manufacturing the display panel including
the hollow region 20, it is not necessary to perform cutting
and the like operation on the hollow region 20 of the display
panel. As a result, cutting residues can be avoided, and thus
reliable packaging of the display panel can be achieved.
Moreover, since the shielding portions of the first mask and
the second mask each extend from the edge of first mask 301
and the second mask 302 into the first mask 301 and the
second mask 302, there is no need to additionally provide a
support pillar for the first mask and the second mask to
support the shielding portions. In this way, the influence on
vapor deposition of the display region 10 can be avoided,
and the problem that the position other than the hollow
region 20 cannot be vapor-deposited can be avoided, thereby
improving the display effect of the display panel.

[0048] In an example, as shown in FIG. 3 and FIG. 4, the
uneven portions 1140 do not overlap with the light-emitting
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layer 113. By setting that the uneven portions do not overlap
with the light-emitting layer, i.e., by setting the boundaries
that divide the display region 10 into a plurality of parts to
not overlap with the light-emitting layer 113, the present
disclosure can avoid the influence on the light-emitting layer
113 emitting light, such that the light-emitting layer 113 can
normally emit light, thereby achieving the display effect of
the display panel including the hollow region 20 provided by
this embodiment of the present disclosure.

[0049] It should be noted that the position relation
between the functional layer 114 and the light-emitting layer
113 shown in FIG. 4 is merely illustrative, and in the actual
designing and manufacturing process of display panel, the
functional layer 114 may be arranged at a different position
depending on a different function of the functional layer 114
in the display panel. For example, when the functional layer
114 is a buffer layer, a hole transport layer, or a hole injection
layer, the functional layer 114 may be disposed between the
anode layer 111 and the light-emitting layer 113 so as to
improve injection and transport efficiency of holes. When
the functional layer 114 is an electron injection layer or an
electron transport layer, the functional layer 114 may be
disposed between the cathode layer 112 and the light-
emitting layer 113 so as to improve injection and transport
efficiency of electrons. In an embodiment of the present
disclosure, the functional layer 114 may include the buffer
layer, the hole transport layer, the hole injection layer, the
electron transport layer, and the electron injection layer at
the same time, which is not limited herein. When the display
panel provided by this embodiment of the present disclosure
includes the buffer layer, the hole transport layer, the hole
injection layer, the electron transport layer and the electron
injection layer at the same time, the anode, the buffer layer,
the hole injection layer, the hole transport layer, the light-
emitting layer, the electron transport layer, the electron
injection layer, and the cathode are stacked sequentially
along a normal direction of the display panel. Here, the
buffer layer is used to match an energy level difference
between the anode and the hole injection layer, thereby
improving injection and transport efficiency of holes. The
buffer layer usually has a film thickness of approximately
300 A.

[0050] In an embodiment, there are various forms for the
above uneven portion 1140. For example, as shown in FIG.
4, the uneven portions 1140 include a protrusion 11401, and
the protrusion 11401 does not overlap with the light-emitting
layer 113.

[0051] In another example, as shown in FIG. 6, which is
a cross-sectional view of another display panel according to
an embodiment of the present disclosure, the uneven por-
tions 1140 include a recess 11402, and the recess 11402 does
not overlap with the light-emitting layer 113. It can be
understood that the recess 11402 shown in FIG. 6 is in a state
of being filled up by the cathode layer 112 formed above the
functional layer 114.

[0052] In another example, for two uneven portions 1140
separated by the hollow region 20 as shown in FIG. 3, one
uneven portion 1140 located on a side of the hollow region
20 is a protrusion 11401, and the other uneven portion 1140
located on the other side of the hollow region 20 is a recess
11402. Neither the protrusion 11401 or the recess 11402
overlaps with the light-emitting layer 113.

[0053] In an example, as shown in FIG. 4 and FIG. 6, the
display region 10 of the abovementioned display panel
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further includes a pixel definition layer 12, and the pixel
definition layer 12 includes a plurality of valleys 121 and a
plurality of ridges 122. The functional layer 114 covers the
valleys 121 and ridges 122 of the pixel definition layer 12.
The light-emitting layer 113 is arranged only at the valleys
121 of the pixel definition layer 12, and the recess 11402 and
the protrusion 11401 are arranged only at the ridges 122 of
the pixel definition layer, so as to avoid the influence of the
recess 11402 and the protrusion 11401 on light emitting of
the light-emitting layer 113. This can allow the light-emit-
ting layer 113 to emit light normally.

[0054] In an embodiment, as shown in FIG. 3, the display
region 10 of the abovementioned display panel further
includes a plurality of scan lines 13 and data lines 14. The
scan lines 13 or the data lines 14 overlap with the convex
portion 11401, and the scan lines 13 or the data lines 14
overlap with the recess 11402, so as to prevent the convex
portion 11401 and the recess 11402 from overlapping with
the organic light-emitting device 11, thereby achieving nor-
mal display of the organic light-emitting device 11.

[0055] Inan embodiment, as shown in FIG. 3, FIG. 4 and
FIG. 6, in a plane parallel to the display panel, along a
direction of a shorter edge of the uneven portion 1140, a
width d of the uneven portion 1140 satisfies 0.005 pm=d=<0.
35 pm, and is smaller than a size of the support pillar 22' of
the mask 2' shown in FIG. 2. This can avoid the influence on
normal display of the display panel due to the excessive
width of the uneven portion 1140.

[0056] In an example, as shown in FIG. 3, an extension
line of the abovementioned uneven portion 1140 passes
through a geometric center 200 of the hollow region 20. That
is, when manufacturing the display panel, the display region
10 of the display panel can be divided into at least two parts
by any straight line passing through the geometry center 200
of the hollow region 20 in such a manner that each part of
the display region 10 extends from an edge of the display
panel to inside of the display panel. Then, the functional
layer 114 covering the entire display region 10 is manufac-
ture using a mask by at least two vapor deposition processes.
Correspondingly, as shown in FIG. 5, the shielding portion
of the used first mask 301 and the shielding portion of the
used second mask 302 can extend from respective edges of
the first mask 301 and the second mask 302 to inside. In this
way, when manufacturing the display panel including the
hollow region 20, it is not necessary to perform cutting and
the like operation on the hollow region 20 of the display
panel. As a result, cutting residues can be avoided, and thus
reliable packaging of the display panel can be achieved.
Moreover, since the shielding portions of the first mask and
the second mask extend from the respective edges of the first
mask 301 and the second mask 302 into the first mask 301
and the second mask 302, there is no need to additionally
provide a support pillar for the masks to support the shield-
ing portions. In this way, the influence on vapor deposition
of the display region 10 can be avoided, and the problem that
the position other than the hollow region 20 cannot be
vapor-deposited can be avoided.

[0057] In an embodiment, as shown in FIG. 7, which is a
schematic diagram of another display panel according to an
embodiment of the present disclosure, an extension line of
the uneven portion 1140 coincides with an edge of the
hollow region 20. That is, when manufacturing the display
panel, the display region 10 of the display panel can be
vapor-deposited at least twice by using the first mask 301
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and the second mask 302 as shown in FIG. 8, which is a
schematic diagram of another mask according to an embodi-
ment of the present disclosure. In this way, it can also
achieve that each portion into which the display region 10 is
divided extends from the edge of the display panel into the
display panel. Then, the functional layer 114 covering the
entire display region 10 is manufactured using the mask as
shown in FIG. 8 by at least two vapor deposition processes.
Correspondingly, the shielding portion of the used first mask
301 and the shielding portion of the used second mask 302
can extend from respective edges of the first mask 301 and
the second mask 302 into the first mask 301 and the second
mask 302. In this way, when manufacturing the display
panel including the hollow region 20, it is not necessary to
perform cutting and the like operation on the hollow region
20 of the display panel. Moreover, since the respective
shielding portions of the first mask 301 and the second mask
302 extend from the respective edges of the first mask 301
and the second mask 302 into the first mask 301 and the
second mask 302, there is no need to additionally provide a
support pillar for the masks to support the shielding portions.
In this way, the influence on vapor deposition of the display
region 10 can be avoided, and the problem that the position
other than the hollow region 20 cannot be vapor-deposited
can be avoided.

[0058] In an example, one or more hollow regions 20 may
be provided. As shown in FIG. 9, which is a top view of still
another display panel according to an embodiment of the
present disclosure, two hollow regions 20 are provided.
[0059] In an example, the hollow region 20 and an outer
contour of the display region 10 may be shaped as any
closed patterns. For example, as shown in FIG. 3, both the
outer contour of the display region 10 and the hollow region
20 are shaped as quadrangles. As shown in FIG. 10, which
is a top view of yet still another display panel according to
an embodiment of the present disclosure, both the outer
contour of the display region 10 and the hollow region 20 are
shaped as circles. As shown in FIG. 11, which is a top view
of yet still another display panel according to an embodi-
ment of the present disclosure, the outer contour of the
display region 10 is a shaped as a circle and the hollow
region 20 is shaped as a quadrangle. This can be set
depending on actual needs, and the present disclosure makes
no limitation on this.

[0060] For example, as shown in FIG. 4 and FIG. 6, a
substrate 15 is further provided in the display region 10 of
the display panel. In another embodiment, as shown in FIG.
12, which is a cross-sectional view along BB' of FIG. 3, no
substrate is provided in the hollow region 20. When manu-
facturing the display device such as a watch, a pointer can
be placed in the hollow region 20.

[0061] An embodiment of the present disclosure further
provides a method for manufacturing a display panel. FIG.
13 is a schematic flowchart of a method for manufacturing
a display panel according to an embodiment of the present
disclosure, and FIG. 14 is a schematic structural flowchart of
the method of FIG. 13. As shown in FIG. 13 and FIG. 14,
the method includes steps as follows.

[0062] At S1, a substrate 15 and a mask are provided. The
substrate 15 includes a first region 151 and a second region
152, and a projection of the first region 151 on a plane of the
substrate 15 does not overlap with a projection of the second
region 152 on the plane of the substrate 15. The first region
151 and the second region 152 each extend from the edge of
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the substrate 15 into the substrate 15. The mask includes an
aperture portion and a shielding portion, and the shielding
portion extends from the edge of the mask into the mask.
[0063] At S2, a functional layer 114 is formed on a side of
the substrate sequentially by vapor deposition through the
aperture portion of the mask. As shown in FIG. 14, the
functional layer 114 includes a first functional portion 1141,
a second functional portion 1142, and an uneven portion
1140. The first functional portion 1141 and the second
functional portion 1142 are respectively located on two sides
of the uneven portion 1140. The first functional portion 1141
covers the second region 152. The second functional portion
1142 covers the first region 151. The first functional portion
1141 and the second functional portion 1142 are arranged in
a same layer.

[0064] In the method for manufacturing the display panel
provided by this embodiment of the present disclosure, the
substrate 15 includes the first region 151 and the second
region 152, and the projection of the first region 151 on the
plane of the substrate 15 does not overlap with the projection
of the second region 152 on the plane of the substrate 15.
Moreover, the first region 151 and the second region 152
each extend from the edge of the substrate 15 into the
substrate 15. Then, masks are used, and the functional layer
114 including the first functional portion 1141, the second
functional portion 1142 and the uneven portion 1140 are
formed on the side of the substrate 15 sequentially by vapor
deposition through the aperture portion of the masks. Here,
the patterns of the masks are in one-to-one correspondence
with the respective shapes of the first region and the second
region of the substrate 15, that is, the shielding portion of
each mask extends from the edge of the mask into the mask.
In this way, when manufacturing a display panel that is
bendable or includes a hollow region, since the shielding
portion of each mask extends from the edge of the mask into
the mask, there is no need to additionally provide a support
pillar for the mask to support the shielding portion. In this
way, the influence on vapor deposition of the substrate 15
can be avoided, and the problem that some region cannot be
vapor-deposited can be avoided, thereby improving the
display effect of the manufactured display panel.

[0065] In an example, as shown in FIG. 14, the above-
mentioned substrate 15 has a hollow region 20 and a through
hole 150 is provided in the hollow region 20, and the first
functional portion 1141 and/or the second functional portion
1142 are not formed at the through hole 150.

[0066] FIG. 15 is a schematic flowchart of another method
for manufacturing a display panel according to an embodi-
ment of the present disclosure. In an example, as in FIG. 5,
FIG. 14 and FIG. 15, the above mask includes a first mask
301 and a second mask 302. The first mask 301 includes an
aperture portion 31a and shielding portions 32a, and the
shielding portions 32q include a first shielding portion 321a
and a second shielding portion 322a that is connected to the
first shielding portion 321a. The second mask 302 includes
an aperture portion 315 and shielding portions 325, and the
shielding portions 325 includes a first shielding portion 3215
and a second shielding portion 3224 that is connected to the
first shielding portion 3214. The first shielding portion 321a
of the first mask 301 and the first shielding portion 3215 of
the second mask 302 each have a same shape and a same
area as the through hole 150. The second shielding portion
3224 of the first mask 301 extends from the edge of the first
mask 301 into the first mask 301, and the second shielding
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portion 3225 of the second mask 302 extends from the edge
of the second mask 302 into the second mask 302.

[0067] The abovementioned step S2 of forming the first
functional portion 1141 and the second functional portion
1152 on the side of the substrate 15 sequentially by vapor
deposition through the aperture portions of the masks
includes the following steps.

[0068] At S21, the through hole 150 of the substrate 15 is
covered using the first shielding portion 321a of the first
mask 301, the first region 151 of the substrate 15 is covered
using the second shielding portion 322a of the first mask
301, and the second region 152 of the substrate 15 is exposed
from the aperture portion 31a of the first mask 301.
[0069] At S22, the first functional portion 1141 is formed
on the side of the substrate 15 by vapor deposition through
the aperture portion 31a of the first mask 301.

[0070] At S23, the through hole 150 of the substrate 15 is
covered using the first shielding portion 3215 of the second
mask 302, the second region 152 of the substrate 15 is
covered using the second shielding portion 3224 of the
second mask 302, and the first region 151 of the substrate 15
is exposed from the aperture portion 315 of the second mask
302.

[0071] At S24, the second functional portion 1142 is
formed on the side of the substrate 15 by vapor deposition
through the aperture portion 315 of the second mask 302.
[0072] FIG. 16 is a schematic diagram of yet still another
mask according to an embodiment of the present disclosure,
and FIG. 17 is a schematic structural flowchart of another
method for manufacturing a display panel according to an
embodiment of the present disclosure. In an example, as
shown in FIG. 16 and FIG. 17, both the through hole 150 and
an outer contour of the substrate 15 are shaped as central
symmetrical patterns, and a symmetry center of the through
hole 150 coincides with a symmetry center of the substrate
15. The second shielding portion 322a of the first mask 301
has a same shape as the aperture portion 315 of the second
mask 302, and the aperture portion 31a of the first mask 301
has a same shape as the second shielding portion 3225 of the
second mask 302.

[0073] The abovementioned step S23 of covering the
through hole 150 of the substrate 15 using the first shielding
portion 3215 of the second mask 302, covering the second
region 152 of the substrate 15 using the second shielding
portion 3225 of the second mask 302 and exposing the first
region 151 of the substrate 15 from the aperture portion 315
of the second mask 302 includes: adjusting a position of the
first mask 301 relative to the substrate 15 in such a manner
that the first shielding portion 321a of the first mask 301
covers the through hole 150 of the substrate 15, the second
shielding portion 322a of the first mask 301 covers the
second region 152 of the substrate 15, and the aperture
portion 31a of the first mask 301 exposes the first region 151
of the substrate 15.

[0074] The abovementioned step S24 of forming the sec-
ond functional portion 1142 on the side of the substrate 15
by vapor deposition through the aperture portion 315 of the
second mask 302 includes: forming the second functional
portion 1142 on the side of the substrate 15 by vapor
deposition through the aperture portion 31a of the first mask
301 having its position adjusted.

[0075] That is, in this embodiment of the present disclo-
sure, in a case where the through hole 150 and an outer
contour of the substrate 15 are shaped as central symmetrical
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patterns and the symmetry center of the through hole 150
coincides with the symmetry center of the substrate 15, the
first mask 301 can be used as the second mask 302 by only
adjusting the position of the first mask 301. In this way, the
functional layer 114 can be formed by performing vapor
deposition twice through a mask of only one pattern, thereby
reducing masks and thus reducing the manufacturing cost of
the abovementioned display panel.

[0076] For example, the abovementioned step of adjusting
the position of the first mask 301 relative to the substrate 15
includes: fixing the first mask 301 and rotating the substrate
15 by 180° about the symmetry center of the substrate 15, or
fixing the substrate 15 and rotating the first mask 301 by
180° about the symmetry center of the substrate 15. For
example, as shown in FIG. 18, which is a schematic diagram
of adjusting a position of the first mask 301 relative to the
substrate 15 according to an embodiment of the present
disclosure, the substrate 15 is fixed and the first mask 301 is
rotated about the symmetry center of the substrate 15.
[0077] In an example, the through hole 150 and the outer
contour of the substrate 15 each can be shaped as a circle or
equilateral, and the geometric center of the through hole 150
coincides with the geometric center of the substrate 15. As
shown in FIG. 19, which is another schematic diagram of the
first mask according to an embodiment of the present
disclosure, the second shielding portion 322a of the first
mask 301 includes at least two second shielding sub-por-
tions 3221a, and the aperture portion 31a of the first mask
301 includes at least two aperture sub-portions 31la. A
number of the aperture sub-portions 31la is equal to a
number of the second shielding sub-portions 3221a. The
second shielding sub-portions 3221a and the aperture sub-
portions 311a are alternately arranged. Each second shield-
ing sub-portion 3221a of the first mask 301 extends from the
edge of the first mask 301 into the first mask 301.

[0078] FIG. 20 is a schematic structural flowchart of still
another method for manufacturing a display panel according
to an embodiment of the present disclosure. As shown in
FIG. 20, the first region 151 of the substrate 15 includes at
least two first sub-regions 1511, and the second region 152
of the substrate 15 includes at least two second sub-regions
1521. A number of the first sub-regions 1511 is equal to a
number of the second sub-regions 1521. The number of the
first sub-regions 1511 is equal to a number of the aperture
sub-portions 311. The first sub-regions 1511 and the second
sub-regions 1521 are alternately arranged. The first func-
tional portion 1141 includes at least two first function
sub-layers 11411, and a number of the first functional
sub-layers 11411 is equal to the number of the aperture
sub-portions 311. The second functional portion 1142
includes at least two second functional sub-layers 11421,
and a number of the second functional sub-layers 11421 is
equal to the number of the aperture sub-portions 311.
[0079] In this case, the abovementioned step S21 of cov-
ering the first region 151 of the substrate 15 using the second
shielding portion 322a of the first mask 301 and exposing
the second region 152 of the substrate 15 from the aperture
portion 31a of the first mask 301 includes the following step.
[0080] The second shielding sub-portions 3221a of the
first mask 301 are aligned with the first sub-regions 1511 of
the substrate 15 in one-to-one correspondence, and the
aperture sub-portions 311a of the first mask 301 are aligned
with the second sub-regions 1521 of the substrate 15 in
one-to-one correspondence.
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[0081] The abovementioned step S22 of forming the first
functional portion 1141 on the side of the substrate 15 by
vapor deposition through the aperture portion 31a of the first
mask 301 includes the following step.

[0082] A plurality of first function sub-layers 11411 is
formed on the side of the substrate 12 through a plurality of
aperture sub-portions 311a of the first mask 301, such that
each first function sub-layer 11411 covers a corresponding
second sub-region 1521.

[0083] The abovementioned step S23 of covering the
through hole 150 of the substrate 15 using the first shielding
portion 3215 of the second mask 302, covering the second
region 152 of the substrate 15 using the second shielding
portion 3225 of the second mask 302 and exposing the first
region 151 of the substrate 15 from the aperture portion 315
of the second mask 302 includes the following step.
[0084] The position of the first mask 301 relative to the
substrate 15 is adjusted in such a manner that the second
shielding sub-portions 3221a of the first mask 301 are
aligned with the second sub-regions 1521 of the substrate
15, and the aperture sub-portions 311a of the first mask 301
are aligned with the first sub-regions 1511 of the substrate
15.

[0085] The abovementioned step S24 of forming the sec-
ond functional portion 1142 on the side of the substrate 15
by vapor deposition through the aperture portion 315 of the
second mask 302 includes the following step.

[0086] The second function sub-layer 11421 is formed on
the side of the substrate 15 by vapor deposition through the
position-adjusted aperture sub-portion 311a of the first mask
301 having its position adjusted, such that each second
function sub-layer 11421 covers a respective first sub-region
1511.

[0087] Itis merely an example in FIG. 20 that the through
hole 150 and the outer contour of the display region 10 are
shaped as circles. In fact, the through hole 150 and the outer
contour of the display region 10 may also be shaped as
equilaterals, such as squares, equilateral triangles and the
like. The manufacturing method is the same as the manu-
facturing method as described above in which the through
hole 150 and the outer contour of the display region 10 are
shaped as circles, and details thereof will not be further
described herein.

[0088] Therefore, in this embodiment of the present dis-
closure, when the through hole 150 and the outer contour of
the substrate 15 are both shaped as circles or equilaterals,
and the geometric center of the through hole 150 coincides
with the geometric center of the substrate 15, the first mask
301 can be used as the second mask 302 by only adjusting
the position of the first mask 301. In this way, the functional
layer 114 can be formed by performing vapor deposition
twice through a mask of only one mask, thereby reducing
masks and thus reducing the manufacturing cost of the
display panel.

[0089] FIG. 21 is a schematic diagram of yet still another
mask according to an embodiment of the present disclosure,
and FIG. 22 is a schematic structural flowchart of yet still
another method for manufacturing a display panel according
to an embodiment of the present disclosure. In an embodi-
ment, as shown in FIG. 21 and FIG. 22, the through hole 150
and the outer contour of the substrate 15 are both shaped as
axisymmetric patterns, and the symmetry axis of the through
hole 150 coincides with the symmetry axis of the substrate
15. The second shielding portion 322a of the first mask 301
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has a same shape as the aperture portion 315 of the second
mask 302, and the aperture portion 31a of the first mask 301
has a same shape as the second shielding portion 3225 of the
second mask 302.

[0090] In this case, the abovementioned step S23 of cov-
ering the through hole 150 of the substrate 15 using the first
shielding portion 321a of the second mask 302, covering the
second region 152 of the substrate 15 using the second
shielding portion 3225 of the second mask 302 and exposing
the first region 151 of the substrate 15 from the aperture
portion 315 of the second mask 302, and the abovemen-
tioned step S24 of forming the second functional portion
1142 on the side of the substrate 15 by vapor deposition
through the aperture portion 314 of the second mask 302
include the following steps.

[0091] The substrate 15 is fixed, and the first mask 301 is
rotated by 180° about the symmetry axis of the substrate or
is rotated by 180° about a center point of the symmetry axis
of the substrate in a plane of the first mask, such that the first
shielding portion 321a of the first mask 301 covers the
through hole 150 of the substrate 15, a second shielding
portion 3225 of the first mask 301 covers the second region
1521 of the substrate 15, and the aperture portion 31a of the
first mask 301 exposes the first region 151 of the substrate
15. Then, a second functional portion 1142 is formed on the
side of the substrate 15 by vapor deposition through the
aperture portion 31a of the second mask 301.

[0092] That is, in this embodiment of the present disclo-
sure, when the through hole 150 and the outer contour of the
substrate 15 are both shaped as axisymmetric patterns, and
the symmetry axis of the through hole 150 coincides with the
symmetry axis of the substrate 15, the first mask 301 can be
used as the second mask 302 by only rotating the first mask
301 about the symmetry axis or only rotating the first mask
301 about a center point of the symmetry axis in a plane of
the first mask 301. In this way, the functional layer 114 can
be formed by performing vapor deposition twice through a
mask of only one pattern, thereby reducing masks and thus
reducing the manufacturing cost of the display panel.
[0093] The above description is merely an example of a
method for manufacturing a display panel, in which each
mask includes a part of the shielding portion having the
same shape and the same area as that of the through hole
150. Actually, the shape of the mask is not limited thereto.
For example, as shown in FIG. 8, FIG. 23 and FIG. 24, in
which FIG. 23 is a schematic flowchart of still another
method for fabricating a display panel according to an
embodiment of the present disclosure and FIG. 24 is a
schematic structural flowchart of the method of FIG. 23, the
mask may also be designed as a shape as shown in FIG. 8.
Here, the masks include a first mask 301 and a second mask
302. The first mask 301 includes an aperture portion 31a and
a shielding portion 324, and the second mask 302 includes
an aperture portion 315 and a shielding portion 325. The
shielding portion 324 of the first mask 301 has an area larger
than that of the through hole 150. The second mask 302 has
a same shape and a same area as the shielding portion 324
of first mask 301. The shielding portion 325 of the second
mask 302 has a same shape and a same area as the through
hole 150. Moreover, the shielding portion 32a of the first
mask 301 extends from the edge of the first mask 301 into
the first mask 301. The shielding portion 324 of the second
mask 302 extends from the edge of the second mask 302 into
the second mask 302.



US 2019/0173059 A1

[0094] 1In this case, the abovementioned step S2 of form-
ing the first functional portion 1141 and the second func-
tional portion 1152 on the side of the substrate 15 by vapor
deposition through the aperture portions of the masks
includes the following steps.

[0095] At S21, the through hole 150 of the substrate 15 is
covered using the shielding portion 324 of a first mask 301,
and the second region 152 of the substrate 15 is covered
using the aperture portion 31a of the first mask 301.
[0096] At S22, the first functional portion 1141 is formed
on the side of the substrate 15 by vapor deposition through
the aperture portion 31a of the first mask 301.

[0097] At S23, the shielding portion 325 of the second
mask 302 is aligned with the through hole 150 of the
substrate 15, and the aperture portion 31a of the second
mask 302 is aligned with the first region 151 of the substrate
15.

[0098] At S24, the second functional portion 1142 is
formed on the side of the substrate 15 by vapor deposition
through the aperture portion 315 of the second mask 302.
[0099] The abovementioned manufacturing method is not
only applied to a display panel including a hollow region
provided with a through hole 150, but also applied to a
flexible display panel. For example, as shown in FIG. 25,
which is a perspective view of another display panel accord-
ing to an embodiment of the present disclosure, the substrate
15 may be in a curved shape. In this case, the above-
described method for manufacturing the display panel may
be applied to perform vapor deposition on the curved
substrate 15, so as to form the curved display panel as shown
in FIG. 25. As an example, FIG. 25 illustrates a functional
layer 114 on a display panel after one vapor deposition.
[0100] An embodiment of the present disclosure further
provides a mask including an aperture portion and a shield-
ing portion, and the shielding portion extends from an edge
of the mask into the mask.

[0101] In this embodiment of the present disclosure, at
least one mask is arranged in the above manner, such that
when manufacturing the display panel using the mask,
functional layers covering the entire display region can be
sequentially manufactured by at least two vapor deposition
processes. Moreovet, since the shielding portion of the mask
extends from the edge of the mask into the mask, when
manufacturing the display panel including the hollow
region, it is not necessary to perform cutting and the like
operation on the hollow region of the display panel. As a
result, cutting residues can be avoided, and thus reliable
packaging of the display panel can be achieved. Moreover,
since the shielding portion of the mask extends from the
edge of the mask into the mask, there is no need to provide
a support pillar for the mask to support the shielding portion.
In this way, the influence on vapor deposition of the display
region can be avoided, and the problem that the position
other than the hollow region cannot be vapor-deposited can
be avoided, thereby improving the display effect of the
display panel.

[0102] In an example, as shown in FIG. 5, which is a
schematic diagram of a mask according to an embodiment of
the present disclosure, the mask includes a first mask 301
and a first a second mask 302. The first mask 301 includes
an aperture portion 31a and at least one shielding portion
32a, and the at least one shielding portion 324 includes a first
shielding portion 321a and a second shielding portion 3224
that is connected to the first shielding portion 321a. The
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second mask 302 includes an aperture portion 315 and at
least one shielding portion 324, and the at least one shielding
portion 325 includes a first shielding portion 3215 and a
second shielding portion 3225 that is connected to the first
shielding portion 3215. The first shielding portion 321a of
the first mask 301 has a same shape and a same area as the
first shielding portion 3215 of the second mask 302. The
second shielding portion 3224 of the first mask 301 extends
from the edge of the first mask 301 into the first mask 301,
and the second shielding portion 3225 of the second mask
302 extends from the edge of the second mask 302 into the
second mask 302. The second shielding portion 3224 of the
first mask 301 has a same shape and a same area as the
aperture portion 315 of the second mask 302, and the
aperture portion 31a of the first mask 301 has a same shape
and a same area as the second shielding portion 3225 of the
second mask 302.

[0103] In an example, as shown in FIG. 16, which is a
schematic diagram of yet still another mask according to an
embodiment of the present disclosure, the first mask 301, the
second mask 302, the first shielding portion 321« of the first
mask 301 and the first shielding portion 3215 of the second
mask 302 are shaped as central symmetrical patterns. The
symmetry center of the first shielding portion 321a of the
first mask 301 coincides with the symmetry center of the first
mask 301. The symmetry center of the first shielding portion
3215 of the second mask 302 coincides with the symmetry
center of the second mask 302.

[0104] In an example, as shown in FIG. 19, which is
another schematic diagram of a first mask according to an
embodiment of the present disclosure, the first mask 301, the
second mask 302, the first shielding portion 321a of the first
mask 301 and the first shielding portion 3215 of the second
mask 302 each are shaped as a circle or an equilateral. A
geometrical center of the first shielding portion 321a of the
first mask 301 coincides with a geometric center of the first
mask 301. A geometric center of the first shielding portion
3214 of the second mask 302 coincides with a geometric
center of the second mask 302. The second shielding portion
322a of the first mask 301 includes at least two second
shielding sub-portions 3221a. The aperture portion 31a of
the first mask 301 includes at least two aperture sub-portions
311a. The number of the aperture sub-portions 311a is equal
to the number of the second shielding sub-portions 3221a.
The second shielding sub-portions 3221a and the aperture
sub-portions 311a are alternately arranged. Each second
shielding sub-portion 3221a of the first mask 301 extends
from the edge of the first mask 301 into the first mask 301.
[0105] In another example, as shown in FIG. 21, which is
a schematic diagram of yet still another mask according to
an embodiment of the present disclosure, the first mask 301,
the second mask 302, the first shielding portion 321a of the
first mask 301 and the first shielding portion 3215 of the
second mask 302 are shaped as axisymmetric patterns. The
symmetry axis of the first shielding portion 321a of the mask
301 coincides with the symmetry axis of the first mask 301,
and the symmetry axis of the first shielding portion 32154 of
the second mask 302 coincides with the symmetry axis of
the second mask 302.

[0106] In an example, as shown in FIG. 8, which is a
schematic diagram of another mask according to an embodi-
ment of the present disclosure, the mask includes a first
mask 301 and a second mask 302. The first mask 301
includes an aperture portion 31a and a shielding portion 32a.
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The second mask 302 includes an aperture portion 315 and
a shielding portion 32b. The second mask 302 has a same
shape and a same area as the shielding portion 32a of the first
mask 301. The shielding portion 32« of the first mask 301
has an area larger than that of the shielding portion 325 of
the second mask 302. The shielding portion 32a of the first
mask 301 extends from the edge of the first mask 301 into
the first mask 301, and the shielding portion 326 of the
second mask 302 extends from the edge of the second mask
302 into the second mask 302.

[0107] The use of the abovementioned various types of
masks is the same as that used in the abovementioned
manufacturing method for the display panel, and details
thereof will not be further described herein.

[0108] An embodiment of the present disclosure further
provides a display device. As shown in FI1G. 26, which is a
schematic diagram of a display device according to an
embodiment of the present disclosure, the display device
includes the display panel 100 described above, and the
display panel 100 includes a hollow region 20. The structure
of the display panel 100 has been described in details in the
above embodiments, and details thereof will not be further
described herein. It should be noted that the display device
shown in FIG. 24 is merely illustrative, and the display
device can be any electronic device having a display func-
tion, such as a watch, a billboard or the like.

[0109] For the display device provided in this embodi-
ment, an uneven portion 1140 is provided in a functional
layer 114 of a display panel constituting the display device,
such that when manufacturing the display panel, the display
region 10 of the display panel can be divided into at least two
parts. Here, each part of the divided display region 10
extends from an edge of the display panel into the display
panel. Then, the first mask 301 and the second mask 302 as
shown in FIG. 5 are used to form the functional layer 114
covering the entire display region 10 by at least two vapor
deposition processes. Here, the shapes of the first mask 301
and the second mask 302 are in one-to-one correspondence
with the respective shapes of the plurality of parts into which
the display region 10 is divided. That is, the shielding
portions of the first mask 301 and the second mask 302 each
extend from the respective edge into a respective one of the
first mask 301 and the second mask 302. In this way, when
manufacturing the display panel including the hollow region
20, it is not necessary to perform cutting and the like
operation on the hollow region 20 of the display panel. As
a result, cutting residues can be avoided, and thus reliable
packaging of the display panel can be achieved. Moreover,
since the shielding portions of the first mask 301 and the
second mask 302 each extend from the respective edge into
a respective one of the first mask and the second mask, there
is no need to provide a support pillar for the first mask 301
or the second mask 302 to support the shielding portion. In
this way, the influence on vapor deposition of the display
region 10 can be avoided, and the problem that the position
other than the hollow region 20 cannot be vapor-deposited
can be avoided, thereby improving the display effect of the
display panel.

What is claimed is:

1. A display panel, wherein the display panel has a hollow
region and a display region surrounding the hollow region,
the display panel comprises:
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a plurality of organic light-emitting devices, the plurality
of organic light-emitting devices being arranged only in
the display region rather than in the hollow region,

wherein each of the plurality of organic light-emitting
devices comprises an anode layer, a cathode layer, a
light-emitting layer and a functional layer, and the
functional layer comprises a plurality of uneven por-
tions.

2. The display panel according to claim 1, wherein the
plurality of uneven portions does not overlap with the
light-emitting layer.

3. The display panel according to claim 2, wherein the
plurality of the uneven portions comprises a plurality of
protrusions and/or plurality of recesses, and the plurality of
protrusions and/or the plurality of recesses does not overlap
with the light-emitting layer.

4. The display panel according to claim 3, wherein further
comprising a pixel definition layer arranged in the display
region, wherein the pixel definition layer comprises a plu-
rality of valleys and a plurality of ridges, and the functional
layer covers the plurality of valleys and the plurality of
ridges of the pixel definition layer, and

wherein the light-emitting layer is disposed only at the
plurality of valleys of the pixel definition layer, and the
plurality of protrusions and the plurality of recesses are
disposed only at the plurality of ridges of the pixel
definition layer.

5. The display panel according to claim 3, further com-

prising:

a plurality of scan lines and a plurality of data lines
arranged in the display region, wherein the plurality of
scan lines or the plurality of data lines overlaps with the
plurality of protrusions, and the plurality of scan lines
or the plurality of data lines overlaps with the plurality
of recesses.

6. The display panel according to claim 2, wherein each
of the plurality of uneven portions has a width d that satisfies
0.005 um=d=0.35 um along a direction of a shorter edge of
the uneven portion in a plane parallel to the display panel.

7. The display panel according to claim 1, wherein an
extension line of the plurality of uneven portions passes
through a geometric center of the hollow region, or the
extension line of the plurality of uneven portions coincides
with an edge of the hollow region.

8. The display panel according to claim 1, wherein the
hollow region and an outer contour of the display region are
both shaped as closed patterns.

9. The display panel according to claim 1, wherein the
functional layer comprises at least one of a buffer layer, an
electron injection layer, an electron transport layer, a hole
transport layer, or a hole injection layer.

10. A method for manufacturing a display panel, com-
prising:

providing a substrate and at least one mask, wherein the
substrate has a first region and a second region, a
projection of the first region on a plane of the substrate
does not overlap with a projection of the second region
on the plane of the substrate, the first region and the
second region each extend from an edge of the sub-
strate into the substrate, each of the at least one mask
comprises an aperture portion and a shielding portion,
and the at least one shielding portion extends from an
edge of the mask into the mask; and
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forming a functional layer on a side of the substrate
sequentially by vapor deposition through the aperture
portion of the at least one mask, wherein the functional
layer comprises a first functional portion, a second
functional portion, and an uneven portion, and the first
functional portion and the second functional portion are
respectively located on two sides of the uneven portion,

wherein the first functional portion covers the second
region, the second functional portion covers the first
region, and the first functional portion and the second
functional portion are arranged in a same layer.

11. The method according to claim 10, wherein the

substrate has a hollow region, and a through hole is provided

in the hollow region; and

wherein the first functional portion and/or the second
functional portion are not formed at the through hole.

12. The method according to claim 11, wherein the at least

one mask comprises a first mask and a second mask;

the first mask and the second mask each comprise an
aperture portion and at least one shielding portion, the
at least one shielding portion comprises a first shielding
portion and a second shielding portion connected to the
first shielding portion; the first shielding portion of the
first mask and the first shielding portion of the second
mask have a same shape and a same area as the through
hole; the second shielding portion of the first mask
extends from an edge of the first mask into the first
mask, the second shielding portion of the second mask
extends from an edge of the second mask into the
second mask; the second shielding portion of the first
mask has a same shape as the aperture portion of the
second mask, and the aperture portion of the first mask
has a same shape as the second shielding portion of the
second mask;

wherein forming the first functional portion and the
second functional portion on the side of the substrate
sequentially by vapor deposition through the aperture
portion of the at least one mask comprises:

covering the through hole of the substrate using the first
shielding portion of the first mask, covering the first
region of the substrate using the second shielding
portion of the first mask, and exposing the second
region of the substrate from the aperture portion of the
first mask;

forming the first functional portion on the side of the
substrate by vapor deposition through the aperture
portion of the first mask;

covering the through hole of the substrate using the first
shielding portion of the second mask, covering the
second region of the substrate using the second shield-
ing portion of the second mask, and exposing the first
region of the substrate from the aperture portion of the
second mask; and

forming the second functional portion on the side of the
substrate by vapor deposition through the aperture
portion of the second mask.

13. The method according to claim 12, wherein the
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second shielding portion of the second mask, and
exposing the first region of the substrate using the
aperture portion of the second mask comprises:

adjusting a position of the first mask relative to the
substrate in such a manner that the first shielding
portion of the first mask covers the through hole of the
substrate, the second shielding portion of the first mask
covers the second region of the substrate, and the
aperture portion of the first mask exposes the first
region of the substrate, and

wherein said forming the second functional portion on the

side of the substrate by vapor deposition through the
aperture portion of the second mask comprises:
forming the second functional portion on the side of the
substrate by vapor deposition through the aperture
portion of the first mask having its position adjusted.

14. The method according to claim 13, wherein said
adjusting the position of the first mask relative to the
substrate comprises:

fixing the first mask and rotating the substrate by 180°

about the symmetry center of the substrate; or fixing the
substrate and rotating the first mask by 180° about the
symmetry center of the substrate.

15. The method according to claim 12, wherein the
through hole and an outer contour of the substrate are both
shaped as circles or equilaterals, and a geometric center of
the through hole coincides with a geometric center of the
substrate;

the second shielding portion of the first mask comprises at

least two second shielding sub-portions, and the aper-
ture portion of the first mask comprises at least two
aperture sub-portions; a number of the at least two
aperture sub-portions is equal to a number of the at least
two second shielding sub-portions; the at least two
second shielding sub-portions and the at least two
aperture sub-portions are alternately arranged; and each
of the at least two second shielding sub-portions of the
first mask extends from the edge of the first mask into
the first mask;

the first region of the substrate comprises at least two first

sub-regions, and the second region of the substrate
comprises at least two second sub-regions; a number of
the at least two first sub-regions is equal to a number of
the at least two second sub-regions, the number of the
at least two first sub-regions is equal to the number of
the at least two aperture sub-portions; and the at least
two first sub-regions and the at least two second
sub-regions are alternately arranged,

the first functional portion comprises at least two first

function sub-layers, and a number of the at least two
first function sub-layers is equal to the number of the at
least two aperture sub-portions; the second functional
portion comprises at least two second function sub-
layers, and a number of the at least two second function
sub-layers is equal to the number of the at least two
aperture sub-portions;

wherein said covering the first region of the substrate

through hole and an outer contour of the substrate are both using the second shielding portion of the first mask and
shaped as central symmetrical patterns, and a symmetry exposing the second region of the substrate from the
center of the through hole coincides with a symumetry center aperture portion of the first mask comprises:
of the substrate; aligning the at least two second shielding sub-portions of
wherein said covering the through hole of the substrate the first mask with the at least two first sub-regions of
using the first shielding portion of the second mask, the substrate in one-to-one correspondence, and align-

covering the second region of the substrate using the ing the at least two aperture sub-portions of the first
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mask with the at least two second sub-regions of the
substrate in one-to-one correspondence;

wherein said forming the first functional portion on the

side of the substrate by vapor deposition through the
aperture portion of the first mask comprises:
forming the at least two first function sub-layers on the
side of the substrate by vapor deposition through the at
least two aperture sub-portions of the first mask, such
that each of the at least two first function sub-layers
covers a respective second sub-region of the at least
two second sub-regions;
wherein said covering the through hole of the substrate
using the first shielding portion of the second mask,
covering the second region of the substrate using the
second shielding portion of the second mask, and
exposing the first region of the substrate from the
aperture portion of the second mask comprises:

adjusting a position of the first mask relative to the
substrate in such a manner that the at least two second
shielding sub-portions of the first mask are aligned with
the at least two second sub-regions of the substrate, and
the at least two aperture sub-portions of the first mask
are aligned with the at least two first sub-regions of the
substrate;

wherein said forming the second functional portion on the

side of the substrate by vapor deposition through the
aperture portion of the second mask comprises:
forming the at least two second function sub-layers on the
side of the substrate by vapor deposition through the at
least two aperture sub-portions of the first mask having
its position adjusted, such that each of the at least two
second function sub-layers covers a respective first
sub-region of the at least two first sub-regions.

16. The method according to claim 12, wherein the
through hole and an outer contour of the substrate are both
shaped as axisymmetric patterns, and a symmetry axis of the
through hole coincides with a symmetry axis of the sub-
strate;

wherein said covering the through hole of the substrate

using the first shielding portion of the second mask,
covering the second region of the substrate using the
second shielding portion of the second mask, and
exposing the first region of the substrate using the
aperture portion of the second mask comprises:

fixing the substrate, and rotating the first mask by 180°

about the symmetry axis of the substrate or rotating the
first mask by 180° about a center point of the symmetry
axis of the substrate in a plane of the first mask, such
that the first shielding portion of the first mask covers
the through hole of the substrate, the second shielding
portion of the first mask covers the second region of the
substrate, and the aperture portion of the first mask
exposes the first region of the substrate;

wherein forming the second functional portion on the side

of the substrate by vapor deposition through the aper-
ture portion of the second mask comprises:

forming the second function layer on the side of the

substrate by vapor deposition through the aperture
portion of the rotated first mask.

17. The method according to claim 11, wherein the at least
one mask comprises a first mask and a second mask; the first
mask and the second mask each comprise an aperture
portion and a shielding portion, the shielding portion of the
first mask has an area larger than that of the through hole, the
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second mask has a same shape and a same area as the
shielding portion of the first mask, the shielding portion of
the second mask has a same shape and a same area as the
through hole: the shielding portion of the first mask extends
from an edge of the first mask into the first mask, and the
shielding portion of the second mask extends from an edge
of the second mask into the second mask;

wherein forming the first functional portion and the
second functional portion on the side of the substrate
sequentially by vapor deposition through the aperture
portion of the at least one mask comprises:

covering the through hole of the substrate using the
shielding portion of the first mask, and exposing the
second region of the substrate from the aperture portion
of the first mask; and forming the first functional
portion on the side of the substrate by vapor deposition
through the aperture portion of the first mask; and

aligning the shielding portion of the second mask with the
through hole of the substrate, and aligning the aperture
portion of the second mask with the first region of the
substrate; and forming the second functional portion on
the side of the substrate by vapor deposition through
the aperture portion of the second mask.

18. A mask, comprising an aperture portion and a shield-
ing portion, wherein the shielding portion extends from an
edge of the mask into the mask.

19. The mask according to claim 18, wherein the mask
comprises a first mask and a second mask;

the first mask and the second mask each comprise an
aperture portion and at least one shielding portion, and
the at least one shielding portion comprises a first
shielding portion and a second shielding portion con-
nected to the first shielding portion, the first shielding
portion of the first mask has a same shape and a same
area as the first shielding portion of the second mask;
the second shielding portion of the first mask extends
from an edge of the first mask into the first mask, and
the second shielding portion of the second mask
extends from an edge of the second mask into the
second mask; the second shielding portion of the first
mask has a same shape and a same area as the aperture
portion of the second mask, and the aperture portion of
the first mask has a same shape and a same area as the
second shielding portion of the second mask.

20. The mask according to claim 19, wherein the first
mask, the second mask, the first shielding portion of the first
mask, and the first shielding portion of the second mask are
all shaped as center symmetrical patterns; and

a symmetry center of the first shielding portion of the first
mask coincides with a symmetry center of the first
mask, and a symmetry center of the first shielding
portion of the second mask coincides with a symmetry
center of the second mask.

21. The mask according to claim 19, wherein the first
mask, the second mask, the first shielding portion of the first
mask, and the first shielding portion of the second mask are
all shaped as circles or equilaterals;

a geometric center of the first shielding portion of the first
mask coincides with a geometric center of the first
mask, and a geometric center of the first shielding
portion of the second mask coincides with a geometric
center of the second mask;

the second shielding portion of the first mask comprises at
least two second shielding sub-portions, and the aper-
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ture portion of the first mask comprises at least two
aperture sub-portions; a number of the at least two
aperture sub-portions is equal to a number of the at least
two second shielding sub-portions, the at least two
second shielding sub-portions and the at least two
aperture sub-portions are alternately arranged, and each
of at least two second shielding sub-portions of the first
mask extends from the edge of the first mask into the
first mask.

22. The mask according to claim 19, wherein the first
mask, the second mask, the first shielding portion of the first
mask, and the first shielding portion of the second mask are
all shaped as axisymmetric patterns; and

a symmetry axis of the first shielding portion of the first

mask coincides with a symmetry axis of the first mask,
and a symmetry axis of the first shielding portion of the
second mask coincides with a symmetry axis of the
second mask.

23. The mask according to claim 18, wherein the mask
comprises a first mask and a second mask, the first mask and
the second mask each comprise an aperture portion and a
shielding portion, the second mask has a same shape and a
same area as the shielding portion of the first mask, the
shielding portion of the first mask has an area larger than that
of the shielding portion of the second mask, the shielding
portion of the first mask extends from an edge of the first
mask into the first mask, and the shielding portion of the
second mask extends from an edge of the second mask into
the second mask.

24. A display device, comprising the display panel accord-
ing to claim 1.

11

Jun. 6, 2019



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCH %S
CPCH(S
£ AR
ShEREERE

E)

patsnap

ERER , B, ERERNEESEARERRE

US20190173059A1

US16/266068

EBXSAM OLED

E#EXSAM-OLED CO.

£#BXBAM-OLED CO. ,

LIU LIYUAN
XIONG ZHIYONG
ZHU DI

LIU, LIYUAN
XIONG, ZHIYONG
ZHU, DI

ZHONG, YAWEI

HO1L51/56 HO1L27/32

2019-06-06

2019-02-03

, LTD.

LTD.

HO1L51/56 HO1L27/3246 HO1L27/3276 HO1L2227/323 H01L2251/566

201810996167.6 2018-08-29 CN

Espacenet USPTO

FEAREBE  ERER, EFEARNEESENEREE. E1E

BREEFZXEMEEFZXENERXE, ERERSERXFEETL
RREFHSIENAKRE. SPENRKREFTHE —NSERR
B, BRARE , REABRNIEER. DHERBESNFFHEERD.



https://share-analytics.zhihuiya.com/view/c71142b2-ce8b-43c9-b2bc-0cb8a472cd83
https://worldwide.espacenet.com/patent/search/family/064893156/publication/US2019173059A1?q=US2019173059A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190173059%22.PGNR.&OS=DN/20190173059&RS=DN/20190173059

