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(57) ABSTRACT

The present application provides a package structure, a
method for manufacturing the same, a method for detecting
a package defect in the package structure, an OLED device,
and a display apparatus. The package structure includes: a
first cover plate and a second cover plate; a sealant disposed
between the first cover plate and the second cover plate and
configured to form a sealed space with the first cover plate
and the second cover plate; a moisture detection portion
located in the sealed space; a first electrode having one
terminal connected to a portion of the moisture detection
portion, and the other terminal extending beyond the sealed
space; and a second electrode having one terminal connected
to another portion of the moisture detection portion, and the
other terminal extending beyond the sealed space.
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PACKAGE STRUCTURE, METHOD FOR
MANUFACTURING THE SAME, METHOD
FOR DETECTING PACKAGE DEFECT,
OLED DEVICE AND DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Chinese Patent
Application No. 201711350463.0, filed on Dec. 25, 2017,
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] The present disclosure relates to the field of pack-
aging technologies, and more particularly, to a package
structure, a method for manufacturing the same, a method
for detecting a package defect, an Organic Light Emitting
Diode (OLED) device, and a display apparatus.

[0003] Inaprocess of packaging an OLED, an upper cover
plate and a lower cover plate are fixed together through a
sealant. However, when the OLED is practically packaged,
due to the quality of the sealant itself or the operation of the
packaging process, there may be defects generated at the
sealant, which enables external moisture and the like to enter
the inside of the package through the defects, and thus has
adverse effects on electronic devices in the package. There-
fore, it needs to detect such package defects and eliminate
the package defects in time. The related detection methods
are mainly performed by measuring a width of the sealant,
observing a picture after lighting, using the discoloration
effect of the water-absorbing substance, etc. These methods
have low detection efficiency, need artificial observation,
and have a high human cost.

SUMMARY

[0004] The present disclosure proposes a package struc-
ture, a method for manufacturing the same, a method for
detecting a package defect, an OLED device, and a display
apparatus.

[0005] According to an aspect of the present disclosure,
there is provided a package structure. The package structure
comprises: a first cover plate and a second cover plate; a
sealant disposed between the first cover plate and the second
cover plate and configured to form a sealed space with the
first cover plate and the second cover plate; a moisture
detection portion located in the sealed space; a first electrode
having one terminal connected to a portion of the moisture
detection portion, and the other terminal extending beyond
the sealed space; and a second electrode having one terminal
connected to another portion of the moisture detection
portion, and the other terminal extending beyond the sealed
space.

[0006] In an embodiment, the moisture detection portion
comprises water-absorbing detection material and resistivity
of the moisture detection portion changes after water absorp-
tion.

[0007] Inanembodiment, the package structure comprises
a plurality of first electrodes and a plurality of second
electrodes.

[0008] In an embodiment, the plurality of first electrodes
are disposed in parallel between the moisture detection
portion and the first cover plate, and the plurality of second
electrodes are disposed in parallel between the moisture
detection portion and the second cover plate.
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[0009] In an embodiment, the plurality of first electrodes
and the plurality of second electrodes are alternately dis-
posed between the first cover plate and the moisture detec-
tion portion. In another embodiment, the plurality of first
electrodes and the plurality of second electrodes are alter-
nately disposed between the second cover plate and the
moisture detection portion.

[0010] In an embodiment, the package structure further
comprises an insulating layer, wherein when the plurality of
first electrodes and the plurality of second electrodes are
alternately disposed between the second cover plate and the
moisture detection portion, the insulating layer is disposed
between the first cover plate and the moisture detection
portion, wherein via holes are formed in the insulating layer,
the plurality of second electrodes are disposed between the
insulating layer and the moisture detection portion, and the
plurality of first electrodes are disposed between the insu-
lating layer and the first cover plate and are electrically
connected to the moisture detection portion through the via
holes. When the plurality of first electrodes and the plurality
of second electrodes are alternately disposed between the
second cover plate and the moisture detection portion, the
insulating layer is disposed between the second cover plate
and the moisture detection portion, wherein via holes are
formed in the insulating layer, the plurality of second
electrodes are disposed between the insulating layer and the
moisture detection portion, and the plurality of first elec-
trodes are disposed between the insulating layer and the
second cover plate and are electrically connected to the
moisture detection portion through the via holes.

[0011] In an embodiment, the moisture detection portion
comprise a metal ion compound.

[0012] In an embodiment, the package structure is con-
figurable to package Organic Light-Emitting Diode
(OLED).

[0013] According to another aspect of the present disclo-
sure, there is provided a method for manufacturing a pack-
age structure. The method comprises: providing a first cover
plate and a second cover plate; forming a first electrode and
a second electrode on at least one of the first cover plate and
the second cover plate; forming a moisture detection portion
and a sealant on one of the first cover plate and the second
cover plate; and interfacing the first cover plate to the second
cover plate, so that in the package structure after the cover
plates are interfaced, the sealant, the first cover plate and the
second cover plate form a sealed space, the moisture detec-
tion portion is located in the sealed space, the first electrode
has one terminal connected to a portion of the moisture
detection portion, and the other terminal extending beyond
the sealed space, and the second electrode has one terminal
connected to another portion of the moisture detection
portion, and the other terminal extending beyond the sealed
space.

[0014] In an embodiment, forming the first electrode and
the second electrode on at least one of the first cover plate
and the second cover plate comprises: forming a plurality of
first electrodes and a plurality of second electrodes.

[0015] In an embodiment, forming the first electrode and
the second electrode on at least one of the first cover plate
and the second cover plate further comprises: forming the
plurality of first electrodes so that the plurality of first
electrodes are disposed in parallel on the first cover plate,
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and forming the plurality of second electrodes so that the
plurality of second electrodes are disposed in parallel on the
second cover plate.

[0016] In an embodiment, forming the first electrode and
the second electrode on at least one of the first cover plate
and the second cover plate further comprises: forming the
plurality of first electrodes and the plurality of second
electrodes so that the plurality of first electrodes and the
plurality of second electrodes are alternately disposed on the
first cover plate. In another embodiment, forming the first
electrode and the second electrode on at least one of the first
cover plate and the second cover plate further comprises:
forming the plurality of first electrodes and the plurality of
second electrodes so that the plurality of first electrodes and
the plurality of second electrodes are alternately disposed on
the second cover plate. In an embodiment, the method
further comprises: forming an insulating layer on the first
cover plate or the second cover plate. When the plurality of
first electrodes and the plurality of second electrodes which
are alternately disposed are formed on the second cover
plate, the method comprises: forming the plurality of first
electrodes on the first cover plate; forming an insulating
layer on the first cover plate, so that the insulating layer
covers the first electrodes; and forming the second elec-
trodes on the insulating layer, and forming via holes in the
insulating layer, so that the first electrodes can be electrically
connected to the moisture detection portion through the via
holes; and when the plurality of first electrodes and the
plurality of second electrodes which are alternately disposed
are formed on the second cover plate, the method comprises:
forming the plurality of first electrodes on the second cover
plate; forming an insulating layer on the second cover plate,
so that the insulating layer covers the plurality of first
electrodes; and forming the plurality of second electrodes on
the insulating layer, and forming via holes in the insulating
layer, so that the first electrodes can be electrically con-
nected to the moisture detection portion through the via
holes.

[0017] In an embodiment, the package structure is con-
figurable to package Organic Light-Emitting Diode
(OLED).

[0018] According to yet another aspect of the present
disclosure, there is provided a method for detecting a
package defect in the package structure according to the
above embodiments. The method comprises: connecting the
first electrode and the second electrode to a detection circuit
to form a loop, detecting, by the detection circuit, current in
the loop, and determining if there is a package defect in the
package structure by comparing the current in the loop with
a current threshold.

[0019] According to yet another aspect of the present
disclosure, there is further provided an Organic Light-
Emitting Diode (OLED) device. The OLED device com-
prises the package structure according to the above embodi-
ments. One of the first cover plate and the second cover plate
is a substrate of the OLED, and the other is at least one of
a package layer, a passivation layer, a resist layer or a cap
layer.

[0020] According to yet another aspect of the present
disclosure, there is further provided a display apparatus. The
display apparatus comprises the OLED device according to
the above embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other purposes, features and advan-
tages of the present disclosure will become more apparent
from the following description of the embodiments of the
present disclosure with refererce to the accompanying draw-
ings.

[0022] FIG. 1 illustrates a schematic top cross-sectional
view of a package structure according to an embodiment of
the present disclosure.

[0023] FIG. 2A is a side cross-sectional view of a portion
of a package structure according to an embodiment of the
present disclosure.

[0024] FIG. 2B is a top cross-sectional view of a portion
of a package structure according to an embodiment of the
present disclosure.

[0025] FIG. 2C is a schematic side cross-sectional view of
a portion of a package structure in a case where there is a
defect at a sealant according to an embodiment of the present
disclosure.

[0026] FIG. 2D is a schematic top cross-sectional view of
a portion of a package structure in a case where there is a
defect at a sealant according to an embodiment of the present
disclosure.

[0027] FIG. 3A is a side cross-sectional view of a portion
of a package structure according to another embodiment of
the present disclosure.

[0028] FIG. 3B is a top cross-sectional view of a portion
of a package structure according to another embodiment of
the present disclosure.

[0029] FIG. 3C is a schematic side cross-sectional view of
a portion of a package structure in a case where there is a
defect at a sealant according to another embodiment of the
present disclosure.

[0030] FIG. 3D is a schematic top cross-sectional view of
a portion of a package structure in a case where there is a
defect at a sealant according to another embodiment of the
present disclosure.

[0031] FIG. 4A is a side cross-sectional view of a portion
of a package structure according to yet another embodiment
of the present disclosure.

[0032] FIG. 4B is a top cross-sectional view of a portion
of a package structure according to yet another embodiment
of the present disclosure.

[0033] FIG. 4C is a schematic side cross-sectional view of
a portion of a package structure in a case where there is a
defect at a sealant according to yet another embodiment of
the present disclosure.

[0034] FIG. 4D is a schematic top cross-sectional view of
a portion of a package structure in a case where there is a
defect at a sealant according to yet another embodiment of
the present disclosure.

[0035] FIG. 5 illustrates a flowchart of a method for
manufacturing a package structure according to an embodi-
ment of the present disclosure.

[0036] FIG. 6 illustrates a flowchart of a method for
detecting a package defect in a package structure according
to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0037] Exemplary embodiments of the present disclosure
will be described in detail below with reference to the
accompanying drawings. Throughout the accompanying
drawings, the same elements are denoted by the same or
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similar reference signs. In the following description, some
specific embodiments are for illustrative purposes only, and
should not to be construed as limiting the present disclosure,
but are examples of the embodiments of the present disclo-
sure. Conventional structures or configurations will be omit-
ted when they may cause confusion to the understanding of
the present disclosure. It should be illustrated that shapes
and sizes of various components in the accompanying
drawings do not reflect true sizes and proportions, but
merely illustrate contents of the embodiments of the present
disclosure.

[0038] References to “one embodiment”, “an embodi-
ment”, “one example” or “an example” in the whole speci-
fication mean that particular features, structures, or charac-
teristics described in connection with the embodiment or
example are included in at least one embodiment of the

(1

present disclosure. Therefore, appearances of phrases “in
one embodiment”, “in an embodiment”, “one example” or
“an example” at various places in the whole specification
does not necessarily refer to the same embodiment or
example. Furthermore, particular features, structures, or
characteristics may be combined in one or more embodi-
ments or examples in any suitable combination and/or
sub-combination.

[0039] It should also be illustrated that those skilled in the
art can understand that the terms “A is connected with B”
and “A is connected to B” herein may be that A is directly
connected to B, or A is connected to B through one or more
other components. In addition, “connected with” and “con-
nected to” herein may be physical electrical connections, or
may be electrical coupling or electrical couplings etc.

[0040] According to an embodiment of the present disclo-
sure, there is provided a package structure. The package
structure comprises a first cover plate, a second cover plate,
a sealant, a moisture detection portion, a first electrode and
a second electrode. Here, the sealant form a sealed space
with the first cover plate and the second cover plate. The
moisture detection portion is located in the sealed space. The
first electrode has one terminal connected to a portion of the
moisture detection portion, and the other terminal extending
beyond the sealed space. The second electrode has one
terminal connected to another portion of the moisture detec-
tion portion, and the other terminal extending beyond the
sealed space.

[0041] A package structure according to a plurality of
embodiments of the present disclosure will be described in
detail below with reference to FIGS. 1 to 4D.

[0042] FIG. 1 illustrates a schematic top cross-sectional
view of a package structure 100 according to an embodiment
of the present disclosure. A second cover plate 110-2, and a
sealant 120 and a moisture detection portion 130 between a
first cover plate and the second cover plate are shown in FIG.
1. FIG. 1 illustrates a positional relationship of the sealant
120 and the moisture detection portion 130 on the cover
plate from an overall perspective, wherein illustration of a
first electrode and a second electrode is omitted for the sake
of brevity. The cross-sectional view shown in FIG. 1 is taken
from a plane passing through the sealant 120 and the
moisture detection portion 130 and parallel to the cover
plate. It can be seen from FIG. 1 that, the sealant 120 forms
a sealed space with the first cover plate and the second cover
plate, and the moisture detection portion 130 is located in the
sealed space.
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[0043] The elements being packaged in the package struc-
ture 100 (e.g. OLED) can be disposed in the sealed space
formed by the cover plates 110-1 and 110-2 and sealant 120.
[0044] In one embodiment, where the packaged elements
are OLEDs, one of the first cover plate 110-1 and the second
cover plate 110-2 can be used as the substrate of the OLED,
and the other can be used as at least one of a package layer,
a passivation layer, a resist layer or a cap layer that covers
the OLED.

[0045] In FIG. 1, the sealant 120 is shown as a frame-
shaped structure, and the moisture detection portion 130 is
also shown as a frame-shaped structure. Fach side of the
moisture detection portion 130 extends in the same direction
as a corresponding side of the sealant 120. It should be
understood that the shapes of the sealant 120 and the
moisture detection portion 130 are not limited thereto. In
other embodiments, the sealant 120 may be formed into
other shapes, such as a circular frame, a triangular frame, or
any shape which adapts to a shape of the cover plate, and the
moisture detection portion 130 may be formed into a circular
frame, a triangular frame, or any shape which adapts to the
shape of the sealant 120. In some embodiments, the moisture
detection portion 130 may be formed into a plurality of
separate portions instead of'a continuous structure as in FIG.
1. In some embodiments, the moisture detection portion 130
may also be in direct contact with the sealant 120 instead of
having a certain gap with the sealant as in FIG. 1.

[0046] In one embodiment, the moisture detection portion
130 comprises water-absorbing detection material. The
water-absorbing detection material is a material of which a
value of a specific property changes after water absorption,
wherein the specific property may be an electromagnetic
property, an optical property, a thermal property, a mechani-
cal property etc. In one embodiment, a resistivity of the
water-absorbing detection material changes after water
absorption. For examiple, the water-absorbing detection
material may be a material which is non-conductive when it
is dry but has a certain electrical conductivity after water
absorption. Further, in one embodiment, the electrical con-
ductivity of the water-absorbing detection material is pro-
portional to an amount of water absorption. Examples of the
water-absorbing detection material comprise metal ion com-
pounds such as NaCl, KCl, NaNO,, KNO,, etc. In one
embodiment, the water-absorbing detection material may be
provided by magnetron sputteting, evaporation, printing,
etc.

[0047] It should be understood that, the term “dry” used
herein should be interpreted in a broad sense, and generally
refer to a status where the water-absorbing detection mate-
rial have not crystalized into a new structure or new sub-
stance by absorbing water or moisture. Thus, the term “dry”
does not necessarily indicate an absolute dry status with no
moisture being absorbed in the water-absorbing detection
material.

[0048] FIGS. 2A-2D illustrate structural diagrams of a
portion of a package structure 200 according to an embodi-
ment of the present disclosure. A portion of the package
structure 200 shown in FIGS. 2A-2D is for example a
portion defined by a dashed box in FIG. 1. Here, FI1G. 2A is
a side cross-sectional view of a portion of the package
structure 200 according to an embodiment of the present
disclosure, and FIG. 2B is a top cross-sectional view of a
portion of the package structure 200 according to an
embodiment of the present disclosure.
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[0049] As shown, the package structure 200 comprises a
first cover plate 210-1, a second cover plate 210-2, a sealant
220, a moisture detection portion 230, a first electrode 240,
and a second electrode 250.

[0050] The sealant 220 is connected to the first cover plate
210-1 and the second cover plate 210-2, and forms a sealed
space with the first cover plate 210-1 and the second cover
plate 210-2 (FIGS. 2A and 2B do not illustrate the entire
sealed space since they are partial schematic views). The
moisture detection portion 230 is located in the sealed space.
[0051] The first electrode 240 is an upper electrode
between the moisture detection portion 230 and the first
cover plate 210-1, and has one terminal connected to the top
of the moisture detection portion 230, and the other terminal
extending beyond the sealed space.

[0052] The second electrode 250 is a lower electrode
between the moisture detection portion 230 and the second
cover plate 210-2, and has one terminal connected to the
bottom of the moisture detection portion 230, and the other
terminal extending beyond the sealed space.

[0053] InFIGS. 2A and 2B, terminals of the first electrode
240 and the second electrode 250 which are located in the
sealed space protrude from the inside of the moisture
detection portion 230. It should be understood that this
structure is merely exemplary, and in other embodiments, it
is possible that the terminals of the first electrode 240 and
the second electrode 250 do not protrude from the inside of
the moisture detection portion 230 as long as the connection
between the first electrode 240 and the moisture detection
portion 230 and the connection between the second elec-
trode 250 and the moisture detection portion 230 are
ensured.

[0054] It can be seen from FIG. 2B that, the second
electrode 250 comprises a plurality of electrodes disposed in
parallel along an extending direction of the sealant 220, and
any two of the plurality of second electrodes are electrically
insulated from each other. Similarly, the first electrode 240
also comprises a plurality of electrodes disposed in parallel
along the extending direction of the sealant 220, and any two
of the plurality of first electrodes are electrically insulated
from each other. In one embodiment, the plurality of second
electrodes are disposed in one-to-one correspondence with
the plurality of first electrodes.

[0055] It should be understood that in other embodiments,
the first electrode 240 and the second electrode 250, as the
upper electrode and the lower electrode respectively, may
have other arrangements, for example, one upper electrode
corresponds to a plurality of lower electrodes or one lower
electrode corresponds to a plurality of upper electrodes.
[0056] In general, the denser the arrangement of the first
electrodes and the second electrodes, the higher the degree
of fineness in detecting the package defect, but the higher the
manufacturing cost and the manufacturing complexity. In
order to compromise between these two factors, an appro-
priate electrode arrangement density may be set according to
detection requirements or product specifications.

[0057] A detection circuit 260 is also shown in FIG. 2A.
The first electrode 240 extends beyond an end portion of the
sealed space and the second electrode 250 extends beyond
the end portion of the sealed space as test terminals to be
connected to the detection circuit 260. In the case shown in
FIGS. 2A and 2B, there is no defect at the sealant 220, and
therefore the moisture detection portion 230 is dry, and at
this time the moisture detection portion 230 has no electrical
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conductivity (or has a large resistivity). At this time, there is
no current (ot the current does not exceed a defined thresh-
old) in a loop formed by connecting the first electrode, the
second electrode, and the moisture detection portion to the
detection circuit 260.

[0058] FIG. 2C is a schematic side cross-sectional view of
a portion of the package structure 200 in a case where there
is a defect at the sealant according to an embodiment of the
present disclosure, and FIG. 2D is a schematic top cross-
sectional view of a portion of the package structure 200 in
a case where there is a defect at the sealant according to an
embodiment of the present disclosure. Compared with FIGS.
2A and 2B, FIGS. 2C and 2D differ in that as there is a defect
at the sealant 220, moisture enters the sealed space from the
outside of the package, and thus a portion of the moisture
detection portion 230 is no longer dry due to water absorp-
tion, for example, as indicated by a dark portion 232 in the
figures. The portion 232 of the moisture detection portion
230 has electrical conductivity due to water absorption, and
therefore when the first electrode 240 extends beyond the
end portion of the sealed space and the second electrode 250
extends beyond the end portion of the sealed space as test
terminals to be connected to the detection circuit 260, the
formed loop is turned on, it can be detected that there is
current (or the current exceeds a defined threshold), and
thereby it can be determined that a portion of the sealant of
the package structure 200 at a detection position has a
defect.

[0059] In another embodiment, the current detected by the
detection circuit 260 is compared with a current threshold,
and when the current detected in the detection circuit 260
exceeds the defined threshold, it is determined that the
portion of the sealant of the package structure 200 at the
detection position has a defect. The setting of the current
threshold can reduce false alarms due to detection errors or
other factors.

[0060] FIGS. 3A-3D illustrate structural diagrams of a
portion of a package structure 300 according to another
embodiment of the present disclosure. A portion of the
package structure 300 shown in FIGS. 3A-3D is the portion
defined by the dashed box in FIG. 1. Here, FIG. 3A is a side
cross-sectional view of a portion of the package structure
300 according to an embodiment of the present disclosure,
and FIG. 3B is a top cross-sectional view of a portion of the
package structure 300 according to an embodiment of the
present disclosure.

[0061] As shown, the package structure 300 comprises a
first cover plate 310-1, a second cover plate 310-2, a sealant
320, a moisture detection portion 330, a first electrode 340,
and a second electrode 350.

[0062] The sealant 320 is connected to the first cover plate
310-1 and the second cover plate 310-2, and forms a sealed
space with the first cover plate 310-1 and the second cover
plate 310-2 (FIGS. 3A and 3B do not illustrate the entire
sealed space since they are partial schematic views). The
moisture detection portion 330 is located in the sealed space.
[0063] The first electrode 340 is disposed between the
second cover plate 310-2 and the moisture detection portion
330, and has one terminal extending beyond the sealed
space.

[0064] The second electrode 350 is also disposed between
the second cover plate 310-2 and the moisture detection
portion 330, and has one terminal extending beyond the
sealed space.
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[0065] 1In the package structure 300, a plurality of first
electrodes 340 and a plurality of second electrodes 350 are
alternately disposed on the second cover plate 310-2.
[0066] It should be understood that in other embodiments,
the first electrode 340 and the second electrode 350 may also
be disposed between the first cover plate 310-1 and the
moisture detection portion.

[0067] InFIGS.3A and 3B, terminals of the first electrode
340 and the second electrode 350 which are located in the
sealed space protrude from the inside of the moisture
detection portion 330. It should be understood that this
structure is merely exemplary, and in other embodiments, it
is possible that the terminals of the first electrode 340 and
the second electrode 350 do not protrude from the inside of
the moisture detection portion 330 as long as the connection
between the first electrode 340 and the moisture detection
portion 330 and the connection between the second elec-
trode 350 and the moisture detection portion 330 are
ensured.

[0068] A detection circuit 360 is also shown in FIG. 3B. A
second portion 340-2 of the first electrode 340 extends
beyond an end portion of the sealed space and the second
electrode 350 extends beyond the end portion of the sealed
space as test terminals to be connected to the detection
circuit 360. In the case shown in FIGS. 3A and 3B, there is
no defect at the sealant 320, and therefore the moisture
detection portion 330 is dry, and at this time the moisture
detection portion 330 has no electrical conductivity (or has
a large resistivity). At this time, there is no current (or the
current does not exceed a defined threshold) in a loop
formed by connecting the first electrode, the second elec-
trode, and the moisture detection portion to the detection
circuit 360.

[0069] FIG. 3C is a schematic side cross-sectional view of
a portion of the package structure 300 in a case where there
is a defect at the sealant according to an embodiment of the
present disclosure, and FIG. 3D is a schematic top cross-
sectional view of a portion of the package structure 300 in
a case where there is a defect at the sealant according to an
embodiment of the present disclosure. Compared with FIGS.
3A and 3B, FIGS. 3C and 3D differ in that as there is a defect
at the sealant 320, moisture enters the sealed space from the
outside of the package, and thus a portion of the moisture
detection portion 330 is no longer dry due to water absorp-
tion, for example, as indicated by a dark portion 332 shown
in the figures. The portion 332 of the moisture detection
portion 330 has electrical conductivity due to water absorp-
tion, and therefore when the first electrode 340 extends
beyond the end portion of the sealed space and the second
electrode 350 extends beyond the end portion of the sealed
space as test terminals to be connected to the detection
circuit 360, the formed loop is turned on, it can be detected
that there is current (or the current exceeds a defined
threshold), and thereby it can be determined that a portion of
the sealant 320 of the package structure 300 at a detection
position has a defect.

[0070] In another embodiment, the current detected by the
detection circuit 360 is compared with a current threshold,
and when the current detected in the detection circuit 360
exceeds the defined threshold, it is determined that the
portion of the sealant of the package structure 300 at the
detection position has a defect. The setting of the current
threshold can reduce false alarms due to detection errors or
other factors.
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[0071] FIGS. 4A-4D illustrate structural diagrams of a
portion of a package structure 400 according to another
embodiment of the present disclosure. A portion of the
package structure 400 shown in FIGS. 4A-4D is the portion
defined by the dashed box in FIG. 1. Here, FIG. 4A is a side
cross-sectional view of a portion of the package structure
400 according to an embodiment of the present disclosure,
and FIG. 4B is a top cross-sectional view of a portion of the
package structure 400 according to an embodiment of the
present disclosure.

[0072] As shown, the package structure 400 comprises a
first cover plate 410-1, a second cover plate 410-2, a sealant
420, a moisture detection portion 430, a first electrode 440,
a second electrode 450, and an insulating layer 480.
[0073] Compared with the embodiment shown in FIGS.
3A-3B, the embodiment shown in FIG. 4A-4B differs in that
an insulating layer 480 is added between the moisture
detection portion 430 and the second cover plate 410-2.
[0074] The sealant 420 is disposed between the insulating
layer 480 and the first cover plate 410-1 and forms a sealed
space with the first cover plate 410-1 and the second cover
plate 410-2 (FIGS. 4A and 4B do not illustrate the entire
sealed space since they are partial schematic views). The
moisture detection portion 430 is located in the sealed space.
[0075] The first electrode 440 is disposed between the
second cover plate 310-2 and the insulating layer 480, and
has one terminal extending beyond the sealed space, and the
other terminal protruding from a surface of the insulating
layer 480 through a via hole provided in the insulating layer
480 to be electrically connected to the moisture detection
portion 430.

[0076] The second electrode 450 is disposed between the
insulating layer 480 and the moisture detection portion 430,
and has one terminal extending beyond the sealed space.
[0077] In the package structure 400, a plurality of first
electrodes 440 and a plurality of second electrodes 450 are
alternately disposed on the second cover plate 410-2.
[0078] It should be understood that in other embodiments,
the first electrode 440 and the second electrode 450 may also
be disposed between the first cover plate 410-1 and the
moisture detection portion 430. When the first electrode 440
and the second electrode 450 are disposed between the first
cover plate 410-1 and the moisture detection portion 430, the
insulating layer 480 may also be disposed between the
moisture detection portion 430 and the first cover plate
410-1.

[0079] In FIGS. 4A and 4B, a terminal of the second
electrode 450 which is located in the sealed space protrudes
from the inside of the moisture detection portion 430, and
the moisture detection portion 430 covers the via hole in the
insulating layer 480. It should be understood that this
structure is merely exemplary, and in other embodiments, it
is possible that the terminal of the second electrode 450 does
not protrude from the inside of the moisture detection
portion 430, and the moisture detection portion 430 does not
cover the via hole in the insulating layer 480 as long as the
connection between the first electrode 440 and the moisture
detection portion 430 and the connection between the sec-
ond electrode 450 and the moisture detection portion 430 are
ensured.

[0080] A detection circuit 460 is also shown in FIGS. 4A
and 4B. The first electrode 440 extends beyond an end
portion of the sealed space and the second electrode 450
extends beyond the end portion of the sealed space as test
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terminals to be connected to the detection circuit 460. In the
case shown in FIGS. 4A and 4B, there is no defect at the
sealant 420, and therefore the moisture detection portion 430
is dry, and at this time the moisture detection portion 430 has
no electrical conductivity (or has a large resistivity). At this
time, there is no current (or the current does not exceed a
defined threshold) in a loop formed by connecting the first
electrode, the second electrode, and the moisture detection
portion to the detection circuit 460.

[0081] FIG. 4C is a schematic side cross-sectional view of
a portion of the package structure 400 in a case where there
is a defect at the sealant according to an embodiment of the
present disclosure, and FIG. 4D is a schematic top cross-
sectional view of a portion of the package structure 400 in
a case where there 1s a defect at the sealant according to an
embodiment of the present disclosure. Compared with FIGS.
4A and 4B, FIGS. 4C and 4D differ in that as there is a defect
at the sealant 420, moisture enters the sealed space from the
outside of the package, and thus a portion of the moisture
detection portion 430 is no longer dry due to water absorp-
tion, for example, as indicated by a dark portion 432 shown
in the figures. The portion 432 of the moisture detection
portion 430 has electrical conductivity due to water absorp-
tion, and therefore when the first electrode 440 extends
beyond the end portion of the sealed space and the second
electrode 450 extends beyond the end portion of the sealed
space as test terminals to be connected to the detection
circuit 460, the formed loop is turned on, it can be detected
that there is current (or the current exceeds a defined
threshold), and thereby it can be determined that a portion of
the sealant 420 of the package structure 400 at a detection
position has a defect.

[0082] In another embodiment, the current detected by the
detection circuit 460 is compared with a current threshold,
and when the current detected in the detection circuit 460
exceeds the defined threshold, it is determined that the
portion of the sealant of the package structure 400 at the
detection position has a defect. The setting of the current
threshold can reduce false alarms due to detection errors or
other factors.

[0083] 1In a practical detection process, it needs to connect
a terminal of each of the first electrode and the second
electrode which extends beyond the end portion of the
sealed space to the detection circuit (or referred to as a
detection Integrated Circuit (IC)) through leads. As a size of
the detection circuit is much less than that covered by each
of the electrodes to be detected, all of the leads tend to
extend from connection terminals of corresponding elec-
trodes toward the detection circuit in a convergence manner.
In the package structure 400, the insulating layer 480 is
added so that the first electrode 440 and the second electrode
450 are located on an upper surface and a lower surface of
the insulating layer 480 respectively. Thus, when the leads
converge from the corresponding electrodes toward the
detection circuit, a lead from the first electrode 440 and a
lead from the second electrode 450 have a certain gap
therebetween in a direction perpendicular to a plane of the
cover plate, which can avoid occurrence of a short circuit
therebetween to ensure the smooth progress of the detection.

[0084] FIG. 5 illustrates a flowchart of a method 500 for
manufacturing a package structure according to an embodi-
ment of the present disclosure.
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[0085] As shown in FIG. 5, the method 500 starts at step
S510, in which a first cover plate and a second cover plate
are provided.

[0086] Then, in step S520, a first electrode and a second
electrode are formed on at least one of the first cover plate
and the second cover plate.

[0087] Inoneembodiment, step S520 may comprise form-
ing the first electrode on the first cover plate and forming the
second electrode on the second cover plate. Specifically, a
plurality of parallel first electrodes may be formed on the
first cover plate, and correspondingly, a plurality of parallel
second electrodes may be formed on the second cover plate.
Here, any two of the plurality of first electrodes are electri-
cally insulated from each other, and any two of the plurality
of second electrodes are also electrically insulated from each
other. The method 500 according to this embodiment may be
used to manufacture the package structure 200 as described
above.

[0088] In another embodiment, step S520 may comprise
alternately forming the first electrodes and the second elec-
trodes on the first cover plate or the second cover plate (for
example, in a predetermined direction). Method 500 accord-
ing to this embodiment may be used to manufacture the
package structure 300 as described above.

[0089] Next, in step S530, a moisture detection portion
and a sealant are formed on one of the first cover plate and
the second cover plate.

[0090] Inoneembodiment, step S530 may comprise form-
ing the moisture detection portion and the sealant on the
cover plate (i.e., the first cover plate or the second cover
plate) formed with the first electrodes and the second
electrodes which are alternately disposed, so that the mois-
ture detection portion is electrically connected to the first
electrode and the second electrode.

[0091] Finally, in step S540, the first cover plate is inter-
faced with the second cover plate, so that in the package
structure after the cover plates are interfaced, the sealant
forms a sealed space with the first cover plate and the second
cover plate, the moisture detection portion is located in the
sealed space, the first electrode has one terminal connected
to a portion of the moisture detection portion, the other
terminal extending beyond the sealed space, and the second
electrode has one terminal connected to another portion of
the moisture detection portion, and the other terminal
extending beyond the sealed space.

[0092] In one embodiment, the method 500 may further
comprise forming an insulating layer on the first cover plate
or the second cover plate. Specifically, this step may be
combined with step S520.

[0093] For example, when the first electrodes and the
second electrodes which are alternately disposed are formed
on the first cover plate, step S520 may comprise: forming the
first electrodes on the first cover plate; forming an insulating
layer on the first cover plate, so that the insulating layer
covers the first electrodes; and forming the second elec-
trodes on the insulating layer, and forming via holes in the
insulating layer, so that the first electrodes can be electrically
connected to the moisture detection portion through the via
holes.

[0094] As another example, when the first electrodes and
the second electrodes which are alternately disposed are
formed on the second cover plate, step S520 may comprise:
forming the first electrodes on the second cover plate;
forming an insulating layer on the second cover plate, so that
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the insulating layer covers the first electrodes; and forming
the second electrodes on the insulating layer, and forming
via holes in the insulating layer, so that the first electrodes
can be electrically connected to the moisture detection
portion through the via holes.

[0095] Method 500 according to this embodiment may be
used to manufacture the package structure 400 as described
above.

[0096] It should be illustrated that the above description
does not limit an order of the steps or operations, and the
order of various steps or various operations in the same step
may be adjusted as needed.

[0097] FIG. 6 illustrates a flowchart of a method 600 for
detecting a package defect in the package structure 200, 300,
or 400 according to an embodiment of the present disclo-
sure.

[0098] As shown in FIG. 6, method 600 starts at step
S610, in which a first electrode and a second electrode are
connected to a detection circuit to form a loop.

[0099] Then, in step S620, current in the loop is detected
by the detection circuit. Here, if it is detected in step S620
that the current in the loop is greater than a current threshold,
it is determined that there is a package defect in the package
structure.

[0100] The embodiments of the present disclosure further
provide an OLED device. The OLED device comprises the
package structure described according to the above embodi-
ments. One of the first cover plate and the second cover plate
is a substrate of the OLED, and the other is at least one of
a package layer, a passivation layer, a resist layer or a cap
layer.

[0101] The embodiments of the present disclosure further
provide a display apparatus comprising the package struc-
ture according to the above embodiments. Specifically, the
display apparatus may be a liquid crystal display apparatus
such as a liquid crystal panel, a liquid crystal television, a
mobile phone, an electronic reader, a liquid crystal display,
etc.

[0102] The detailed description above has set forth numer-
ous embodiments by using diagrams, flowcharts, and/or
examples. In a case where such diagrams, flowcharts, and/or
examples comprise one or more functions and/or operations,
it should be understood by those skilled in the art that each
function and/or operation in such diagrams, flowcharts, or
examples can be implemented individually and/or together
by various structures, hardware, software, firmware or sub-
stantially any combination thereof.

[0103] The present disclosure has been described with
reference to a few exemplary embodiments, and it should be
understood that the terms used are illustrative and exemplary
and not restrictive. The present disclosure may be embodied
in a variety of forms without departing from the spirit or
substance of the present disclosure, and therefore it should
be understood that the above-described embodiments are not
limited to any detail above, and should be widely explained
within the spirit and scope defined by the appended claims.
Therefore, all changes and modifications which fall within
the scope of the claims or the equivalents thereof are
intended to be covered by the appended claims.
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1. A package structure, comprising:

a first cover plate and a second cover plate;

a sealant disposed between the first cover plate and the
second cover plate and configured to form a sealed
space with the first cover plate and the second cover
plate;

a moisture detection portion located in the sealed space;

a first electrode having a first terminal connected to a
portion of the moisture detection portion, and a second
terminal extending beyond the sealed space; and

a second electrode having a third terminal connected to
another portion of the moisture detection portion, and
a fourth terminal extending beyond the sealed space.

2. The package structure according to claim 1, wherein the
moisture detection portion comprises water-absorbing
detection material and resistivity of the moisture detection
portion changes after water absorption.

3. The package structure according to claim 2, wherein the
package structure comprises a plurality of first electrodes
and a plurality of second electrodes.

4. The package structure according to claim 3, wherein

the plurality of first electrodes are disposed in parallel
between the moisture detection portion and the first
cover plate, and the plurality of second electrodes are
disposed in parallel between the moisture detection
portion and the second cover plate.

5. The package structure according to claim 3, wherein the
plurality of first electrodes and the plurality of second
electrodes are alternately disposed between the first cover
plate and the moisture detection portion.

6. The package structure according to claim 5, further
comprising an insulating layer, wherein

the insulating layer is disposed between the first cover
plate and the moisture detection portion, wherein via
holes are formed in the insulating layer,

the second electrodes are disposed between the insulating
layer and the moisture detection portion, and

the first electrodes are disposed between the insulating
layer and the first cover plate and the first electrodes are
electrically connected to the moisture detection portion
through the via holes.

7. The package structure according to claim 2, wherein the

moisture detection portion comprise a metal ion compound.

8. The package structure according to claim 1, wherein the
package structure is configurable to package Organic Light-
Emitting Diode (OLED).

9. The package structure according to claim 8, wherein
one of the first cover plate and the second cover plate is
configurable to be used as a substrate of the OLED, and the
other is configurable to be used as at least one of a package
layer, a passivation layer, a resist layer or a cap layer that
covers the OLED.

10. A method for manufacturing a package structure,
comprising:

providing a first cover plate and a second cover plate;

forming a first electrode and a second electrode on at least
one of the first cover plate and the second cover plate;

forming a moisture detection portion and a sealant on one
of the first cover plate and the second cover plate; and
interfacing the first cover plate to the second cover plate,
so that in the package structure after the cover plates are
interfaced, the sealant, the first cover plate and the
second cover plate form a sealed space, the moisture
detection portion is located in the sealed space, the first
electrode has one terminal connected to a portion of the
moisture detection portion, and another terminal
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extending beyond the sealed space, and the second
electrode has one terminal connected to another portion
of the moisture detection portion, and another terminal
extending beyond the sealed space.

11. The method according to claim 10, wherein forming
the first electrode and the second electrode on at least one of
the first cover plate and the second cover plate comprises:
forming a plurality of first electrodes and a plurality of
second electrodes.

12. The method according to claim 11, wherein forming
the first electrode and the second electrode on at least one of
the first cover plate and the second cover plate further
comprises: forming the plurality of first electrodes so that
the plurality of first electrodes are disposed in parallel on the
first cover plate, and forming the plurality of second elec-
trodes so that the plurality of second electrodes are disposed
in parallel on the second cover plate.

13. The method according to claim 11, wherein forming
the first electrode and the second electrode on at least one of
the first cover plate and the second cover plate further
comprises: forming the plurality of first electrodes and the
plurality of second electrodes so that the plurality of first
electrodes and the plurality of second electrodes are alter-
nately disposed on the first cover plate.

14. The method according to claim 13, forming the
plurality of first electrodes and the plurality of second
electrodes so that the plurality of first electrodes and the
plurality of second electrodes are alternately disposed on the
first cover plate further comprising:

forming the plurality of first electrodes on the first cover

plate;

forming an insulating layer on the first cover plate, so that

the insulating layer covers the plurality of first elec-
trodes; and
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forming the plurality of second electrodes on the insulat-
ing layer, and forming via holes in the insulating layer,
so that the first electrodes can be electrically connected
to the moisture detection portion through the via holes.

15. The method according to claim 10, wherein the
package structure is configurable to package Organic Light-
Emitting Diode (OLED).

16. The method according to claim 15, wherein one of the
first cover plate and the second cover plate is configurable to
be used as a substrate of the OLED, and the other is
configurable to be used as at least one of a package layer, a
passivation layer, a resist layer or a cap layer that covers the
OLED.

17. A method for detecting a package defect in the
package structure according to claim 1, comprising:

connecting the first electrode and the second electrode to

a detection circuit to form a loop,
detecting, by the detection circuit, current in the loop, and
determining if there is a package defect in the package
structure by comparing the current in the loop with a
current threshold.

18. A method for detecting a package defect in the
package structure according to claim 2, comprising:

connecting the first electrode and the second electrode to

a detection circuit to form a loop,
detecting, by the detection circuit, current in the loop, and
determining if there is a package defect in the package
structure by comparing the current in the loop with a
current threshold.

19. An Organic Light-Emitting Diode (OLED) device,
comprising the package structure according to claim 1.

20. An Organic Light-Emitting Diode (OLED) device,
comprising the package structure according to claim 2.
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