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(57) ABSTRACT

The present disclosure provides a screen-printing mask for
packaging organic light-emitting diode (OLED) products.
The screen-printing mask includes a screen and a masking
layer on the screen, the screen including a plurality of grids,
and the masking layer including a plurality of blocking
regions and a plurality of opening regions, the blocking
regions being filled with a first blocking material, the
opening regions corresponding to regions of an OLED
substrate to be filled with a packaging material. In the
opening regions, a first portion of the grids is exposed and
a second portion of the grids is filled with a second blocking
material, the first portion being a substantial portion of the

grids.
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SCREEN-PRINTING MASK, RELATED
PACKAGING METHOD, DISPLAY PANEL,
DISPLAY APPARATUS, AND METHOD FOR
FABRICATING THE SAME

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the priority of Chinese
patent application No. CN201510447085.2, filed on Jul. 27,
2015, the entire content of which is incorporated herein by
reference.

FIELD OF THE DISCLOSURE

[0002] The present disclosure generally relates to the field
of display technologies and, more particularly, relates to a
screen-printing mask and the fabricating method for fabri-
cating the same, a related packaging method, a related
display panel, and a related display apparatus.

BACKGROUND

[0003] Organic light-emitting diode (OLED) display pan-
els have been widely used as novel advanced flat-panel
display apparatus. OLED display panels often have advan-
tages such as self-illuminating, high brightness level, high
contrast, ultra-thin panels, low power consumption, wide
viewing angles, and wide operational temperature ranges.

[0004] Currently, the organic layer in OLED display prod-
ucts may be susceptible to erosion caused by oxygen and
moisture. The erosion on the organic layer impairs the
service time of OLED products. In order to solve the
problem, in existing OLED technology, the organic layer is
often isolated from the outside environment by packaging.
The existing packaging process includes applying frit on the
periphery of the packaging cover by screen-printing. The frit
is then pre-baked and laser radiation is then used to heat up
and melt the frit after the pre-baking process. The melted frit
bonds the packaging cover and the array substrate. However,
the thermal expansion coeflicient of the frit often does not
match the thermal expansion coefficient of the materials,
e.g., glass and/or metal, on the array substrate. After the
packaging process, thermal stress remains in the packaged
OLED products. Accumulation of the thermal stress may
have adverse effect on the packaging of the OLED products.

BRIEF SUMMARY OF THE DISCLOSURE

[0005] The present disclosure provides a screen-printing
mask for the packaging of OLED products. The screen-
printing mask includes a screen and a masking layer on the
screen. The screen includes a plurality of grids. The masking
layer includes a plurality of blocking regions and a plurality
of opening regions. The blocking regions are filled with a
blocking material. The material used for printing, such as
frit, is printed on a substrate, through the opening regions, to
form a pattern corresponding to the shapes of the opening
regions. In the areas where the screen and the opening
regions overlap, some grids are filled with a suitable mate-
rial, e.g., the blocking material.

[0006] One aspect of the present disclosure provides a
screen-printing mask for packaging organic light-emitting
diode (OLED) products. The screen-printing mask includes
a screen and a masking layer on the screen, the screen
including a plurality of grids, and the masking layer includ-
ing a plurality of blocking regions and a plurality of opening
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regions, the blocking regions being filled with a first block-
ing material, the opening regions corresponding to regions
of an OLED substrate to be filled with a packaging material.
In the opening regions, a first portion of the grids is exposed
and a second portion of the grids is filled with a second
blocking material, the first portion being a substantial por-
tion of the grids.

[0007] Optionally, the first blocking material and the sec-
ond blocking material are a same material.

[0008] Optionally, the second portion of grids is used for
forming bubble structures in a packaging material printed
onto the OLED substrate through the opening regions.

[0009] Optionally, the second portion of grids is randomly
distributed.
[0010] Optionally, the second portion of grids has a cen-

tralized distribution.

[0011] Optionally, in a region where the screen and the
opening regions overlap, a ratio of a number of grids in the
first portion to a number of grids in the second portion is
between 20:1 and 20:5.

[0012] Optionally, a metal layer is on the regions of the
OLED substrate to be filled with the packaging materials,
the metal layer having a plurality of openings therein, the
second portion of the grids forming a centralized distribution
and a pattern of the second portion of the grids correspond-
ing to a pattern of the openings in the metal layer.

[0013] Another aspect of the present disclosure provides a
method for fabricating a screen-printing mask for packaging
organic light-emitting diode (OLED) products. The method
includes providing a screen, the screen including a plurality
of grids; and forming a masking layer on the screen, the
masking layer including opening regions and blocking
regions, the blocking regions being filled with a first block-
ing material; and forming a masking layer on the screen, the
masking layer including opening regions and blocking
regions, the blocking regions being filled with a first block-
ing material, the opening regions corresponding to regions
to be filled with a packaging material on an OLED substrate.
The method also includes: in the opening regions where the
screen and the opening regions overlap, forming a first
portion of the grids being exposed and forming a second
portion of the grids being filled with a second blocking
material, the first portion being a substantial portion of the
grids.

[0014] Optionally, the method further includes filling a
second portion of grids in the opening region in areas where
the screen and the opening regions overlap to form a
plurality of grids filled with a second blocking material, a
remaining portion of the grids in the opening region being
exposed grids and a first portion of the grids in the opening
region.

[0015] Optionally, the first blocking material and the sec-
ond blocking material are a same material.

[0016] Optionally, the method further includes forming
the second portion of grids in the opening region with the
blocking region in the masking layer through one photoli-
thography process.

[0017] Optionally, the second portion of grids is formed by
filling corresponding grids with the second blocking mate-
rial.

[0018] Optionally, after forming the second portion of the
grids, a ratio of a number of grids in the first portion to a
number of grids in the second portion is between 20:1 and
20:5.
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[0019] Optionally, the second portion of grids has a ran-
dom distribution.

[0020] Optionally, the second portion of grids has a cen-
tralized distribution.

[0021] Optionally, the grids in the second portion are
distributed to have a preset pattern to prevent a packaging
material from passing through during a packaging process.
[0022] Optionally, an adhesive, a gel, or a combination of
an adhesive and a gel are used to seal the corresponding
grids for forming the second portion of grids.

[0023] Another aspect of the present disclosure provides a
packaging method using a disclosed screen-printing mask.
The packaging method includes: forming a frit pattern on a
first substrate using the screen-printing mask, the frit pattern
including a plurality of bubble structures; and aligning and
bonding the first substrate with the OLED substrate, and
irradiating the frit pattern with laser.

[0024] Optionally, the bubble structures are formed by the
plurality of grids filled with the second blocking material
during the packaging process.

[0025] Another aspect of the present disclosure provides a
display panel. The display panel includes: a first substrate
and an OLED substrate being aligned to each other, and a frit
pattern between the first substrate and the OLED substrate
for bonding the first substrate and the OLED substrate,
wherein the frit pattern is formed using a disclosed screen-
printing mask.

[0026] Another aspect of the present disclosure provides a
display apparatus. The display apparatus includes one or
more of the disclosed display panels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The following drawings are merely examples for
illustrative purposes according to various disclosed embodi-
ments and are not intended to limit the scope of the present
disclosure.

[0028] FIG. 1 illustrates a structure of an exemplary
screen-printing mask according to the embodiment of the
present disclosure;

[0029] FIG. 2 illustrates a cross-sectional view of the
screen-printing mask in the A-A' direction in FIG. 1,
[0030] FIG. 3 illustrates an enlarged view of the area
circled in the dashed box in FIG. 1; and

[0031] FIG. 4illustrates an exemplary distribution of grids
according to the embodiments of the present disclosure.

DETAILED DESCRIPTION

[0032] Reference will now be made in detail to exemplary
embodiments of the disclosure, which are illustrated in the
accompanying drawings. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like parts. It should be understood that
the exemplary embodiments described herein are only
intended to illustrate and explain the present invention and
not to limit the invention.

[0033] The present disclosure provides a screen-printing
mask. The screen-printing mask may include a screen and a
masking layer arranged on the screen. The screen may
include a plurality of grids. The masking layer may include
a plurality of blocking regions and a plurality of opening
regions. The blocking regions may be filled with a first
blocking material. Material used for printing may be printed
onto a substrate through the opening regions and form a
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pattern corresponding to the shape of the opening regions. In
the areas where the screen and the opening regions overlap,
some of grids may be filled with a second blocking material
to form the second portion of the grids in the opening
regions. The first blocking material and the second blocking
material may be a same material or may be different mate-
rials. In one embodiment, the first material and the second
material may be a same material. Other grids may be
exposed grids, i.e., grids not filled with any materials, to
form the first portion of the grids in the opening regions. In
the disclosure, ink or frit can’t pass through the grids filled
with the second blocking material and be printed onto a
substrate; and ink or frit can pass through the exposed grids
and be printed onto a substrate.

[0034] According to the disclosed screen-printing mask
provided by the present disclosure, some grids in the areas
where the screen and the opening regions overlap may be
filled with any blocking material. When using the screen-
printing mask to form a frit pattern, i.e., a pattern made of
frit, bubble structures may be formed in the frit pattern. After
irradiating the frit pattern with laser radiation, the bubble
structures may effectively prevent or reduce the spreading of
thermal stress. The bubble structures may effectively reduce
the adverse effects of the remaining thermal stress on the
packaged product after the packaging process.

[0035] FIG. 1 illustrates an exemplary screen-printing
mask provided by the present disclosure. FIG. 2 illustrates a
cross-sectional view of the screen-printing mask along the
A-A" direction. The screen-printing mask may include a
screen 10 and a masking layer 20 arranged on the screen 10.
The screen 10 may include a plurality of grids arranged in
an array. The masking layer 20 may include opening regions
21 and blocking regions 22. The blocking regions 22 may be
filled with a first blocking material. In the areas where the
screen 10 and the opening regions 21 overlap, some grids
may be filled with a second blocking material, and other
grids may be exposed, i.e., not filled with any material. The
exposed grids may be referred as a first portion of the grids,
and the grids filled with the second blocking material may be
referred as a second portion of the grids. The first portion
may represent a substantial portion of the total number of
grids. The opening regions 21 may be used to let a packaging
material pass through and to be printed onto a substrate. The
blocking regions 22 may block or prevent the packaging
material from passing through the screen 10. The blocking
regions 22 may correspond to the regions not to be filled
with packaging materials, e.g., frit, on a substrate, and the
opening regions 21 may correspond to the regions to be
filled with packaging materials on a substrate. For example,
a blocking region 22 may correspond to an active area (AA)
or a display region on an OLED substrate. An opening
region 21 may correspond to a packaging region, e.g., on a
periphery of an OLED substrate.

[0036] As shown in FIG. 3, FIG. 3 may be an enlarged
view of the part of the screen and screen-printing mask
circled in the dashed box in FIG. 1. In an area where the
screen 10 directly faces the opening regions 21, exposed
grids 11, i.e., the first portion of grids, and grids filled with
the second blocking material 12, i.e., the second portion of
grids, may be arranged or formed. When the disclosed
screen-printing mask is used to print frit onto a substrate, the
frit may pass through the exposed grids 11 in the opening
regions 21 and be printed onto a substrate. Frit pattern same
as or corresponding to the pattern of the opening regions 21
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may be formed on the substrate. Further, because the open-
ing regions 21 may also include grids filled with the second
blocking material 12, the grids filled with the second block-
ing material 12 may prevent frit from passing through and be
printed onto a substrate. Bubble structures may be formed in
the frit by the grids filled with the second blocking material
12. After irradiating the frit with laser, the bubble structures
may effectively reduce or prevent the spreading of thermal
stress. The bubble structures also may reduce the adverse
effect of remaining thermal stress on the packaged product
after the packaging process.

[0037] In one embodiment, in the areas where the screen
10 and the opening regions 21 overlap, the exposed grids 11
may account for a substantial portion of the total number of
grids. A ratio of the number of the exposed grids 11 to the
grids filled with the second blocking material 12 may be
between 20:1 and 20:5. For example, the ratio may be 20:2,
20:3, or the like. Thus, the formed frit pattern may have
improved resistance to thermal stress. Adverse effect to the
printed frit due to the packaging process may be prevented
or reduced.

[0038] In one embodiment, in the areas where the screen
10 and the opening regions 21 overlap, the grids filled with
the second blocking material 12 may be randomly distrib-
uted or arranged. By using the randomly-distributed grids
filled with the second blocking material 12, the bubbles
structures may be randomly distributed in the frit pattern.
Thus, the natural frequency of each location in the frit
pattern may be different. The randomly distributed grids
filled with the second blocking material 12 may thus
improve the mechanical properties of the frit pattern, such as
being shock-proof and shatter-proof, etc.

[0039] Inaddition, in the areas where the screen 10 and the
opening regions 21 overlap, as shown in FIG. 4, a plurality
of grids filled with the second blocking material 12 may
have a centralized distribution. A preset or pre-designed
pattern may be formed by the grids filled with the second
blocking material 12. The pattern filled with the second
blocking material may refer to a pattern in the screen 10 that
ink or frit can’t pass through and be printed onto a substrate.
For example, in existing OLED array substrates, the pack-
aging region often includes a metal layer. The metal layer
may have a pattern, which includes a plurality of openings.
When packaging the OLED array substrate, the frit not only
contacts the metal layer but also contacts the glass substrate
of the array substrate directly through the openings on the
metal layer. Because the thermal expansion coeflicient of the
frit is different from the thermal expansion coeflicients of the
metal and the glass, the simultaneous contact between the
frit and the metal/glass may further intensify the adverse
effect caused by the thermal stress. Thus, the distribution of
the grids filled with the second blocking material in the
screen-printing mask may be determined according to the
pattern with openings in the metal layer. For example, a
plurality of grids filled with the second blocking material
may be arranged in a centralized distribution in the region
corresponding to the openings in metal layer. The plurality
of grids filled with the second blocking material may also be
arranged to form a same pattern or shape as the openings in
the metal layer. Thus, frit may be formed according to the
openings in pattern of the metal layer during a printing
process. The formed frit pattern would not contact the glass
substrate of the array substrate. The materials contacting the
frit pattern may be reduced, and the adverse effect caused by
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the thermal stress may be further reduced. In some embodi-
ments, the bubble structures may only be formed in the areas
corresponding to the edges of the openings in the metal
layer. The grids filled with the second blocking material for
forming the bubble structures may be additional areas of the
blocking regions or additional areas filled with the second
blocking material.

[0040] Inthe screen-printing mask provided by the present
disclosure, the mesh count of the screen 10 may range from
300x300 to 500x500 per square inch. For example, the mesh
count may be 350x350 or 400x400 per square inch. The
screen may be made of steel, nylon, or the like. The shape
of a grid may be rectangular, square, rhombic, or the like.
[0041] Inthe screen-printing mask provided by the present
disclosure, some grids, in the areas where the screen 10 and
the opening regions 21 overlap, may be arranged or designed
to be filled with the second blocking material. When using
the screen-printing mask to form a frit pattern, the grids
filled with the second blocking material may be used for
forming bubble structures in the frit pattern. After irradiating
laser on the frit pattern, the bubble structures may effectively
reduce the spreading of thermal stress. The bubble structures
may also enable the natural frequency of each location in the
frit pattern to be different. Mechanical properties of the
packaged OLED array substrate, such as being shock-proof
and being shatter-proof, may be improved. In addition, the
bubble structures may be used as a reinforcement or
strengthening part of the OLED array substrate, such as
dispersive strengthening parts. The bubble structures may
effectively improve the strength of the frit. Yield of the
packaged products, e.g., OLED array substrates, may be
improved.

[0042] Further, the present disclosure also provides a
method for fabricating the screen-printing mask. The
method may include a plurality of steps.

[0043] First, a screen may be provided. The screen may
include a plurality of exposed grids.

[0044] Further, a masking layer may be formed on the
screen. The masking layer may include blocking regions and
opening regions. The blocking regions may be formed with
a first blocking material. The process to form the masking
layer may include any suitable patterning process such as
photolithography and a follow-up etch.

[0045] Further, in the areas where the screen and the
opening regions overlap, a number of the exposed grids may
be filled or sealed with a second blocking material.

[0046] Forexample, a resin layer may be deposited on the
screen by a spin coating process. A photoresist layer may be
deposited on the resin layer. A photolithography process and
a follow-up etch may be used to form opening regions in the
resin layer. The remaining photoresist may be stripped or
removed. That is, a masking layer may be formed on the
screen. The masking layer may include blocking regions and
opening regions. The blocking regions may be formed with
a first blocking material. A suitable adhesive or gel may be
injected into the areas where the screen and the opening
regions of the masking layer overlap to fill a number of the
exposed grids. In this case, both the first material, for
forming the blocking regions, and the second material, for
forming the grids described above, may both be resin.
[0047] In one embodiment, the blocking regions of the
masking layer and the grids filled with the second blocking
material may be formed in one fabrication step. For
example, a resin layer may be deposited on the screen
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through a spin coating process. Further, a photoresist layer,
e.g., a negative phototesist, may be deposited on the resin
layer. Further, the screen may undergo a first exposure. In
the first exposure, the exposed regions may correspond to
the blocking regions of the masking layer, and the unex-
posed regions may correspond to the opening regions of the
masking layer. Further, the screen may undergo a second
exposure. In the second exposure, only preset regions in the
unexposed region in the first exposure may be exposed. The
preset regions may correspond to the regions where the
subsequently-formed grids filled with the second blocking
material are located. After the first exposure and the second
exposure, a development process may be used to remove the
photoresist in the unexposed regions. A suitable etching
process may be used to remove the unexposed resin in the
resin layer. The remaining photoresist may be removed by
any suitable stripping process. The screen-printing mask
may be formed.

[0048] In some embodiments, the blocking regions of the
masking layer and the grids filled with the second blocking
material may be formed through one exposure. For example,
a resin layer may be deposited on the screen by a spin
coating process. Further, a photoresist layer, e.g., a negative
photoresist, may be deposited on the resin layer. The screen
may undergo an exposure. The exposed regions may corre-
spond to the blocking regions of the masking layer and the
subsequently-formed grids filled with the second blocking
material in the opening regions. After the exposure, a
development process may be used to remove the photoresist
in the unexposed regions. A suitable etching process may be
used to remove the unexposed resin in the resin layer. The
remaining photoresist may be removed by any suitable
stripping process. The screen-printing mask may be formed.
[0049] In some embodiments, a resin layer maybe omitted.
Photoresist may be used as the material to form the blocking
regions and the grids filled with the second blocking mate-
rial in the opening regions of the screen-printing mask. A
photoresist layer, e.g., a negative photoresist, may be formed
and patterned on the screen. The screen may undergo an
exposure. The exposed regions may correspond to the block-
ing regions of the masking layer and the subsequently-
formed grids filled with the second blocking material in the
opening regions. After the exposure, a development process
may be used to remove the photoresist in the unexposed
regions. The remaining photoresist, i.e., the exposed photo-
resist, may be used as the blocking regions and the grids
filled with the second blocking material in the opening
regions of the screen-printing mask. The screen-printing
mask may be formed. In this case, both the first material, for
forming the blocking regions, and the second material, for
forming the grids described above, may both be photoresist.
[0050] In some embodiments, in the disclosed method, in
the areas where the screen and the opening regions overlap,
a ratio of the number of the exposed grids to the number of
the grids filled with the second blocking material may be
between 20:1 and 20:5.

[0051] To enhance the mechanical properties such as
being shock-proof and being shatter-proof of the printed frit
pattern, in the disclosed method, in the areas where the
screen and the opening regions overlap, the grids filled with
the second blocking material can be randomly distributed.

[0052] In addition, the plurality of grids filled with the
second blocking material may have a centralized distribution
according to different applications and/or designs. The grids
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filled with the second blocking material, having a central-
ized distribution, may have a preset pattern or shape.
[0053] The present disclosure further provides a packag-
ing method. The packaging method may include a plurality
of steps.

[0054] First, a frit pattern may be formed on a first
substrate using the disclosed screen-printing mask. Bubble
structures may be formed in the frit pattern by the grids filled
with the second blocking material.

[0055] Further, the first substrate and a second substrate
may be aligned and bonded with each other. Laser radiation
may be used to irradiate the frit pattern.

[0056] The packaging method may be used for packaging
OLED products. The first substrate may be a packaging
cover and the second substrate may be an array substrate,
e.g., an OLED substrate. The specific type of the first
substrate and the second substrate should not be limited by
the embodiments of the present disclosure. When the first
substrate is an array substrate, the second substrate may be
a packaging cover, and vice versa.

[0057] According to the packaging method provided by
the present disclosure, using the disclosed screen-printing
mask, bubble structures may be formed in the printed frit
pattern. After irradiating laser on the frit, the bubble struc-
tures may effectively reduce the spreading of thermal stress.
The bubble structures may also enable the natural frequency
of each location in the frit pattern to be different. Some
mechanical properties such as shock-proof, shatter-proof, of
the frit may be improved. In addition, the bubble structures
may also be a reinforcement of the frit pattern, such as
dispersive strengthening parts. The strength of the frit may
be improved.

[0058] The screen-printing mask provided by the present
disclosure may include several advantages.

[0059] Inthe screen-printing mask provided by the present
disclosure, some grids, in the areas where the screen and the
opening regions overlap, may be arranged or desiguned to be
filled with a second blocking material. The second blocking
material used to fill the grids and a first blocking material
used to fill the blocking region of the screen-printing mask
may be a same material or may be different materials. When
using the screen-printing mask to form a frit pattern, the
grids filled with the second blocking material may be used
for form bubble structures in the frit pattern. After irradiating
laser on the frit pattern, the bubble structures may effectively
reduce or prevent the spreading of thermal stress. Further, by
randomly distributing the bubble structures, the natural
frequency of each location in the frit pattern may be differ-
ent. Mechanical properties of the packaged OLED array
substrate, such as being shock-proof and being shatter-proof,
may be improved. In addition, the bubble structures may be
used as a reinforcement or strengthening part of the OLED
array substrate, such as dispersive strengthening parts. The
bubble structures may effectively improve the strength of the
frit. Adverse effect to the packaged product, caused by the
remaining thermal stress after the packaging process, may be
effectively reduced.

[0060] The present disclosure also provides a display
panel. The display panel may include a first substrate, a
second substrate, and a frit pattern arranged between the first
substrate and the second substrate. The first substrate and the
second substrate may be aligned and bonded to each other
through the frit pattern. The frit pattern may be formed by
the disclosed screen-printing mask.
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[0061] The present disclosure also provides a display
apparatus. The display apparatus may include the display
panel. The disclosed display apparatus may be a laptop
screen, a monitor, a television, a digital frame, a cell phone,
a tablet, or any product or part with a display function.
[0062] The embodiments disclosed herein are exemplary
only. Other applications, advantages, alternations, modifi-
cations, or equivalents to the disclosed embodiments are
obvious to those skilled in the art and are intended to be
encompassed within the scope of the present disclosure.

1-20. (canceled)

21. A screen-printing mask for packaging organic light-
emitting diode (OLED) products, comprising:

a screen and a masking layer on the screen, the screen
including a plurality of grids, and the masking layer
including a plurality of blocking regions and a plurality
of opening regions, the blocking regions being filled
with a first blocking material, the opening regions
corresponding to regions of an OLED substrate to be
filled with a packaging material, wherein:

in the opening regions, a first portion of the grids is
exposed and a second portion of the grids is filled with
a second blocking material, the first portion being a
substantial portion of the grids.

22. The screen-printing mask according to claim 21,
wherein the first blocking material and the second blocking
material are a same material.

23. The screen-printing mask according to claim 21,
wherein the second portion of grids is used for forming
bubble structures in a packaging material printed onto the
OLED substrate through the opening regions.

24. The screen-printing mask according to claim 21,
wherein:

the second portion of grids is randomly distributed.

25. The screen-printing mask according to claim 21,
wherein:

the second portion of grids has a centralized distribution.

26. The screen-printing mask according to claim 21,
wherein:

in a region where the screen and the opening regions
overlap, a ratio of a number of grids in the first portion
to a number of grids in the second portion is between
20:1 and 20:5.

27. The screen-printing mask according to claim 21,

wherein:

a metal layer is on the regions of the OLED substrate to
be filled with the packaging materials, the metal layer
having a plurality of openings therein, the second
portion of the grids forming a centralized distribution
and a pattern of the second portion of the grids corre-
sponding to a pattern of the openings in the metal layer.

28. A method for fabricating a screen-printing mask for
packaging organic light-emitting diode (OLED) products,
comprising:

providing a screen, the screen including a plurality of
grids; and
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forming a masking layer on the screen, the masking layer
including opening regions and blocking regions, the
blocking regions being filled with a first blocking
material, the opening regions corresponding to regions
to be filled with a packaging material on an OLED
substrate;

in the opening regions where the screen and the operning

regions overlap, forming a first portion of the grids
being exposed and forming a second portion of the
grids being filled with a second blocking material, the
first portion being a substantial portion of the grids.

29. The method according to claim 28, wherein the first
blocking material and the second blocking material are a
same material.

30. The method according to claim 28, further including:

forming the second portion of grids in the opening region

with the blocking region in the masking layer through
one photolithography process.

31. The method according to claim 28, wherein the second
portion of grids is formed by filling corresponding grids with
the second blocking material.

32. The method according to claim 28, wherein:

after forming the second portion of the grids, a ratio of a

number of grids in the first portion to a number of grids
in the second portion is between 20:1 and 20:5.

33. The method according to claim 28, wherein:

the second portion of grids has a random distribution.

34. The method according to claim 28, wherein:

the second portion of grids has a centralized distribution.

35. The method according to claim 33, wherein the grids
in the second portion are distributed to have a preset pattern
to prevent a packaging material from passing through during
a packaging process.

36. The method according to claim 31, wherein an adhe-
sive, a gel, or a combination of an adhesive and a gel are
used to fill the corresponding grids for forming the second
portion of grids.

37. A packaging method using a screen-printing mask
according to claim 21, comprising:

forming a frit pattern on a first substrate using the screen-

printing mask, the frit pattern including a plurality of
bubble structures; and

aligning and bonding the first substrate with the OLED

substrate, and irradiating the frit pattern with laser.

38. The packaging method according to claim 37,
wherein: the bubble structures are formed by the plurality of
grids filled with the second blocking material during the
packaging process.

39. A display panel, comprising: a first substrate and an
OLED substrate being aligned to each other, and a frit
pattern between the first substrate and the OLED substrate
for bonding the first substrate and the OLED substrate,
wherein the frit pattern is formed using a screen-printing
mask according to claim 21.

40. A display apparatus, including one or more of the
display panels according to claim 39.
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