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an inorganic layer coated on the device to be encapsulated is 
formed on the outside of the device to be encapsulated 

an organic layer coated on the inorganic layer is formed on the 
outside the inorganic layer , wherein the organic layer includes a 

polymer matrix and a repairing microstructure 

FIG . 8 

an inorganic layer coated on a device to be encapsulated is 
formed on the outside of the device to be encapsulated 

902 an organic layer coated on the inorganic layer is formed on the 
outside of the inorganic layer , wherein the organic layer includes 

a polymer matrix and a repairing microstructure 

903 
an inorganic layer coated on the organic layer is formed on the 

outside of the organic layer 

904 

a barrier layer is formed on the inorganic layer coated on the 
organic layer 

205 a cover plate is provided on the barrier layer 

FIG . 9 
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ENCAPSULATION STRUCTURE , 
MANUFACTURING METHOD THEREOF 

AND DISPLAY APPARATUS 

[ 0001 ] This application is a 371 of PCT Patent Application 
No . PCT / CN2017 / 101419 filed Sep . 12 , 2017 , which claims 
priority to Chinese Patent Application No . 201710178739 . 5 , 
filed with the State Intellectual Property Office on Mar . 23 , 
2017 and titled “ ENCAPSULATION STRUCTURE , 
MANUFACTURING METHOD THEREOF AND DIS 
PLAY APPARATUS , ” the entire contents of which are 
incorporated herein by reference . 

FIELD 

[ 0002 ] The present disclosure relates to the field of display 
device encapsulation , and in particular to an encapsulation 
structure , a manufacturing method thereof and a display 
apparatus . 

BACKGROUND 
[ 0003 ] Organic light - emitting diode ( OLED ) devices are 
known as the most promising display devices due to their 
advantages of self - luminous , high brightness , high contrast , 
low operating voltage , and flexible display . However , com 
ponents such as moisture and oxygen in the air greatly affect 
the service life of the OLED devices . Therefore , it is usually 
necessary to encapsulate an OLED device with an encap 
sulation structure to isolate the OLED device from the air , so 
as to extend the service life of the OLED device . 

[ 0004 ] In the related art , the encapsulation structure 
includes an inorganic layer , an organic layer , and an inor 
ganic layer sequentially overlaid on the outside of the OLED 
device . The inorganic layer has water resistance , and its 
main function is to isolate the OLED device from the 
external air . The organic layer has a certain bendability , and 
its main function is to realize the flexible display of the 
OLED device . 
[ 0005 ) During the implementation of the present disclo 
sure , at least the following problem has been found in the 
related art : during the flexible display , the bending process 
easily causes the encapsulation structure to be broken to 
form an air channel , which causes that the encapsulation 
structure cannot effectively encapsulate the OLED device . 
Therefore , the encapsulation structure has a poor encapsu 
lation effect . 

[ 0008 ] . In some embodiments , the repairing microstructure 
is in the form of a capsule that includes a capsule wall and 
a capsule core . The formation material of the capsule core 
comprises a repairing agent . 
[ 0009 ] In some embodiments , the capsule wall of the 
repairing microstructure encloses a cavity , and the capsule 
core is in the cavity . 
10010 ] In some embodiments , the repairing agent is used 
for a reversible addition - fragmentation transfer radical 
polymerization reaction with the polymer matrix . 
[ 0011 ] In some embodiments , the polymer matrix is 
formed from a polymerization reaction of a reactant mixture , 
the reactant mixture comprises a polymeric monomer , an 
initiator and a chain transfer agent , and the repairing agent 
comprises the polymeric monomer . 
[ 0012 ] In some embodiments , the polymeric monomer 
comprises at least one of methyl methacrylate , ethyl meth 
acrylate , acrylic acid , acrylamide , and styrene . 
[ 0013 ] The initiator comprises at least one of azobisisobu 
tyronitrile , methyl 2 , 2 ' - azobis ( 2 - methylpropionate ) , 2 , 2 
azobis , and benzoyl peroxide . 
[ 0014 ] The chain transfer agent comprises at least one of 
a - methyl benzyl benzoate , cumyl dithiobenzeneacetate , and 
dibenzyl trithiocarbonate . 
[ 0015 ] In some embodiments , the formation material of 
the capsule wall comprises melamine formaldehyde resin , 
urea formaldehyde resin , and gelatin . 
[ 0016 ] In some embodiments , the formation material of 
the inorganic layer comprises at least one of silicon nitride , 
titanium dioxide , and silicon oxide 
[ 0017 ] In some embodiments , the formation process of the 
inorganic layer comprises a thin film encapsulation chemical 
vapor deposition process . 
[ 0018 ] In some embodiments , the formation process of the 
organic layer comprises an ink - jet printing process or a 
coating process . 
[ 0019 ] In some embodiments , the plurality of film layers 
are three film layers , and among the plurality of film layers , 
both the film layer close to the display device and the film 
layer away from the display device are inorganic layers . 
[ 0020 ] In some embodiments , the encapsulation structure 
for encapsulating a display device further includes : a barrier 
layer disposed on the outside of the plurality of film layers , 
and a cover plate disposed on the barrier layer . 
[ 0021 ] In some embodiments , the display device is dis 
posed on a display area of a base substrate , and both the 
inorganic layer and the organic layer cover the display area . 
10022 ] In some embodiments , the display device com 
prises : an organic light emitting diode ( OLED ) device or a 
quantum dot light emitting diode ( QLED ) device . 
[ 0023 ] In a second aspect , there is provided a method for 
manufacturing an encapsulation structure for encapsulating 
a display device . The method includes : forming an inorganic 
layer coated on the display device on the outside of the 
display device ; and forming an organic layer coated on the 
inorganic layer on the outside of the inorganic layer , where 
the organic layer comprises a polymer matrix and a repairing 
microstructure . 
10024 ] . In some embodiments , the polymeric matrix is 
formed from a polymerization reaction of a reactant mixture , 
and the reactant mixture comprises a polymeric monomer , 
an initiator , and a chain transfer agent , and the forming an 
organic layer coated on the inorganic layer on the outside of 
the inorganic layer includes : forming a mixture layer com 

SUMMARY 

[ 0006 ] The present disclosure provides an encapsulation 
structure for encapsulating a display device , a manufactur 
ing method thereof and a display device , which may solve 
the problem that the encapsulation structure has a poor 
encapsulation effect . The technical solutions of the present 
disclosure are as follows : 
[ 0007 ] In a first aspect , there is provided an encapsulation 
structure for encapsulating a display device . The encapsu 
lation structure includes a plurality of film layers coated on 
the outside of the device . The plurality of film layers include 
an inorganic layer and an organic layer that are laminated , 
and the organic layer comprises a polymer matrix and a 
repairing microstructure . 
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prising the polymeric monomer , the initiator , the chain 
transfer agent , and the repairing microstructure on the out 
side of the inorganic layer through a preset process ; and 
heating the mixture layer so that the polymeric monomer in 
the mixture layer undergoes a polymerization reaction under 
the action of the initiator and the chain transfer agent to 
obtain the organic layer . 
[ 0025 ] The preset process comprises an ink - jet printing 
process or a coating process . 
[ 0026 ] In some embodiments , heating the mixture layer 
comprises : heating the mixture layer so that the temperature 
of the mixture layer is within a preset temperature range , 
where the preset temperature range is 30 degrees Celsius to 
70 degrees Celsius . 
[ 0027 ] In some embodiments , before forming the mixture 
layer comprising the polymeric monomer , the initiator , the 
chain transfer agent , and the repairing microstructure on the 
outside of the inorganic layer through a preset process , the 
method further includes : forming the repairing microstruc 
ture ; and mixing the polymeric monomer , the initiator , the 
chain transfer agent , and the repairing microstructure . 
[ 0028 ] In some embodiments , forming an inorganic layer 
coated on the display device on the outside of the display 
device includes : forming the inorganic layer coated on the 
display device on the outside of the display device through 
a thin film encapsulation chemical vapor deposition process . 
[ 0029 ] In a third aspect , there is provided a display appa 
ratus . The display apparatus includes : a display device and 
the encapsulation structure for encapsulating a display 
device described in the first aspect . The display device 
includes an OLED device or a QLED device . 
[ 0030 ] The technical solutions of the present disclosure 
may bring the following advantageous benefits : 
[ 0031 ] The present disclosure provides an encapsulation 
structure for encapsulating a display device , a manufactur 
ing method thereof and a display apparatus . The encapsu 
lation structure includes a plurality of film layers coated on 
the outside of the display device and the plurality of film 
layers include an inorganic layer and an organic layer that 
are laminated . The organic layer includes a polymer matrix 
and a repairing microstructure . The repairing microstructure 
may repair air channels , such as cracks and through - holes , in 
the organic layer , so that the encapsulation structure can 
effectively encapsulate the display device , which solves the 
problem of the poor encapsulation effect of the encapsula 
tion structure and improves the encapsulation effect . 
[ 0032 ] It is to be understood that both the foregoing 
general description and the following detailed description 
are exemplary only , and are not intended to limit the present 
disclosure . 

( 0035 ] FIG . 2 is an application scenario diagram of an 
encapsulation structure provided in an embodiment of the 
present disclosure ; 
[ 0036 ] FIG . 3 is an application scenario diagram of 
another encapsulation structure provided in an embodiment 
of the present disclosure ; 
[ 0037 ] FIG . 4 is an application scenario diagram of yet 
another encapsulation structure provided in an embodiment 
of the present disclosure ; 
[ 0038 ] FIG . 5 is a top view of an encapsulation structure 
provided in an embodiment of the present disclosure ; 
[ 0039 ] FIG . 6 is schematic diagram of a repairing process 
for a repairing microstructure provided in an embodiment of 
the present disclosure : 
[ 0040 ] FIG . 7 is a schematic diagram of a penetration path 
of water molecules in the encapsulation structure provided 
in an embodiment of the present disclosure ; 
10041 ] FIG . 8 is a flow chart of a method for manufac 
turing an encapsulation structure provided in an embodiment 
of the present disclosure : 
0042 FIG . 9 is a flow chart of a method for manufac 
turing another encapsulation structure provided in an 
embodiment of the present disclosure ; 
[ 0043 ] FIG . 10 is a schematic diagram after an inorganic 
layer coated on a display device to be encapsulated is formed 
on the outside of the display device provided in an embodi 
ment of the present disclosure ; 
[ 0044 ] FIG . 11 is a schematic diagram after an organic 
layer coated on an inorganic layer is formed on the outside 
of the inorganic layer provided in an embodiment of the 
present disclosure ; 
[ 0045 ] FIG . 12 is a schematic diagram after an inorganic 
layer coated on an organic layer is formed on the outside of 
the organic layer provided in an embodiment of the present 
disclosure ; 
[ 0046 ] FIG . 13 is a schematic diagram after a barrier layer 
is formed on an inorganic layer coated on an organic layer 
provided in an embodiment of the present disclosure . 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0033 ] To describe the technical solutions in the embodi 
ments of the present disclosure more clearly , the following 
briefly introduces the accompanying drawings required for 
describing the embodiments . Apparently , the accompanying 
drawings in the following description show merely some 
embodiments of the present disclosure , and a person of 
ordinary skill in the art may still derive other drawings from 
these accompanying drawings without creative efforts . 
[ 0034 ] FIG . 1 is an application scenario diagram of an 
encapsulation structure provided in the related art : 

[ 0047 ] The present disclosure will be described in further 
detail with reference to the enclosed drawings , to clearly 
present the objects , technique solutions , and advantages of 
the present disclosure . 
[ 0048 ) An OLED device includes an electro luminescence 
( EL ) layer which easily becomes ineffective due to the 
erosion by moisture and oxygen in the air , causing the 
OLED device to become ineffective . Therefore , how to 
effectively block moisture , oxygen , and the like becomes a 
main bottleneck limiting the application of OLED devices . 
At present , a hard substrate ( such as a glass substrate ) with 
a high water - resistant property is adopted in the industry to 
encapsulate an OLED device . The hard substrate can effec 
tively protect the OLED device . However , it is difficult to 
realize the flexible display of the OLED device when the 
OLED device is encapsulated by using a hard substrate . In 
the related art , when the flexible display of an OLED device 
is implemented , the OLED device is usually encapsulated by 
using an encapsulation structure , and the encapsulation 
structure is usually a thin film encapsulation structure . The 
thin film encapsulation structure may be formed with a thin 
film encapsulation method . 
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[ 0049 ] Exemplarily , refer to FIG . 1 , which shows an 
application scenario diagram of an encapsulation structure 
01 provided in the related art . Referring to FIG . 1 , the 
encapsulation structure 01 includes an inorganic layer 011 , 
an organic layer 012 , and an inorganic layer 013 sequentially 
laminated on the outside of an OLED device . The encapsu 
lation structure 01 further includes a barrier layer 014 
disposed on the inorganic layer 013 and a cover plate 015 
disposed on the barrier layer 014 . The inorganic layer 011 
and the inorganic layer 013 have certain water resistance , 
but their bendability is poor , and their main function is to 
isolate the OLED device 00 from external air . The organic 
layer 012 has a certain bendability but its water resistance is 
poor , and its main function is to realize the flexible display 
of the OLED device 00 . As shown in FIG . 1 , a thin film 
transistor ( TFT ) layer 021 is disposed on a base substrate 02 . 
The OLED device 00 is disposed on the base substrate 02 , 
and the OLED device 00 includes an EL layer which 
includes a red light emitting unit 001 , a green light emitting 
unit 002 , and a blue light emitting unit 003 . 
[ 0050 ] However , the encapsulation structure needs to be 
bent to realize flexible display . The encapsulation structure 
01 shown in FIG . 1 depends heavily on the film quality . 
After the OLED device 00 is encapsulated by using the 
encapsulation structure 01 shown in FIG . 1 , the bending 
process easily causes the encapsulation structure 01 to be 
broken to form an air channel , resulting in deterioration of 
the performance of the encapsulation structure 01 , and 
making it difficult for the encapsulation structure 01 to 
encapsulate the OLED device 100 effectively . Thus , the 
encapsulation structure 01 has a poor encapsulation effect . 
[ 0051 ] Refer to FIG . 2 , which shows an application sce 
nario diagram of an encapsulation structure 03 according to 
an embodiment of the present disclosure . Referring to FIG . 
2 , the encapsulation structure 03 includes a plurality of film 
layers coated on the outside of a display device 04 . The 
plurality of film layers include an inorganic layer 031 and an 
organic layer 032 that are laminated , and the organic layer 
032 includes polymer matrixes 0321 and repairing micro 
structures 0322 . As shown in FIG . 2 , the display device 04 
is disposed on a base substrate 05 . 
[ 0052 ] In summary , in the encapsulation structure pro 
vided in the embodiment of the present disclosure , since the 
organic layer includes polymer matrixes and repairing 
microstructures , the repairing microstructures may repair air 
channels such as cracks and through - holes in the organic 
layer , so that the encapsulation structure can effectively 
encapsulate the display device , which solves the problem of 
the poor encapsulation effect of the encapsulation structure 
and improves the encapsulation effect . 
[ 0053 ] In some embodiments , as shown in FIG . 2 , the 
repairing microstructures 0322 are uniformly distributed 
among the polymer matrixes 0321 . The microstructure 0322 
has a shape of a capsule , and the repairing microstructure 
0322 includes a capsule wall ( not shown in FIG . 2 ) and a 
capsule core ( not shown in FIG . 2 ) . The material for forming 
the capsule wall may include melamine formaldehyde resin , 
urea formaldehyde resin , and gelatin . The material for 
forming the capsule core may include a repairing agent , and 
the repairing agent may include a polymeric monomer 
which may include at least one of methylmethacrylate , 
ethylmethacrylate , acrylic acid , acrylamide , and styrene . 
The polymeric monomer contains a vinyl group which 
facilitates the repair of the organic layer 032 . The vinyl 

group in the polymeric monomer may undergo a reversible 
addition - fragmentation transfer radical polymerization reac 
tion with a group ( for example , a double bond ) in the 
material of the polymer matrix 0321 , so as to repair the air 
channels , such as cracks and through - holes in the organic 
layer 032 , thereby repairing the organic layer 032 . 
[ 0054 ] In this embodiment of the present disclosure , the 
capsule wall of the repairing microstructure 0322 may 
enclose a cavity ( not shown in FIG . 2 ) , and the capsule core 
is in the cavity enclosed by the capsule wall . The repairing 
agent in the capsule core may repair in air channels , such as 
cracks and through - holes in the organic layer 032 . In some 
embodiments , the repair agent in the capsule core includes 
a polymeric monomer containing a vinyl group that can 
undergo a reversible addition - fragmentation transfer radical 
polymerization reaction with a group ( for example , a double 
bond ) in the polymer matrix 0321 . When air channels , such 
cracks and through - holes , are produced in the organic layer 
032 , the capsule wall of the repairing microstructure 0322 
ruptures under the action of an extension stress of the air 
channels , and the repairing agent in the capsule core is 
released . The repairing agent undergoes a reversible addi 
tion - fragmentation transfer radical polymerization reaction 
with the polymer matrix 0321 to repair the air channels , such 
as cracks and through - holes , in the organic layer 032 . 
[ 0055 ] In some embodiments , in this embodiment of the 
present disclosure , the polymer matrix 0321 is formed by a 
polymerization reaction of a reactant mixture . The reactant 
mixture may include a polymeric monomer , an initiator , and 
a chain transfer agent . The polymeric monomer includes at 
least one of methyl methacrylate , ethyl methacrylate , acrylic 
acid , acrylamide , and styrene . The vinyl group in the poly 
meric monomer of the repairing agent may undergo a 
reversible addition - fragmentation transfer radical polymer 
ization reaction with a vinyl group in the polymeric mono 
mer of the polymer matrix 0321 to repair the air channels , 
such as cracks and through - holes , in the organic layer 032 . 
The initiator may include at least one of azobisisobutyroni 
trile , methyl 2 , 2 ' - azobis ( 2 - methylpropionate ) , 2 , 2 - azobis , 
and benzoyl peroxide . The chain transfer agent may include 
at least one of a - methyl benzyl benzoate , cumyl dithioben 
zeneacetate , and dibenzyl trithiocarbonate . In this embodi 
ment of the present disclosure , under the action of the 
initiator and the chain transfer agent , the repairing agent can 
undergo the reversible addition - fragmentation transfer radi 
cal polymerization reaction with the polymer matrix 0321 
under normal conditions without the need to apply addi 
tional reaction conditions , which facilitates the repair of the 
organic layer 032 
[ 0056 ] The repairing agent can undergo a reversible addi 
tion - fragmentation transfer radical polymerization reaction 
with the polymer matrix 0321 under normal conditions . That 
is , the repairing agent can undergo the reversible addition 
fragmentation transfer radical polymerization reaction with 
the polymer matrix 0321 under a normal temperature and 
normal pressure without applying any reaction conditions . It 
should be noted that the polymeric monomer , the initiator , 
and the chain transfer agent listed in the embodiment of the 
present disclosure are merely exemplary , and are not 
intended to limit the present disclosure . In practice , other 
chemical materials may also be used to form the polymeric 
monomer , the initiator , and the chain transfer agent , which 
are not described in detail in the embodiment of the present 
disclosure . 
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[ 0057 ] Further , referring to FIG . 3 , which shows an appli - 
cation scenario diagram of another encapsulation structure 
03 provided in accordance with an embodiment of the 
present disclosure . Referring to FIG . 3 , the encapsulation 
structure 03 further includes a barrier layer 033 disposed on 
the outside of a plurality of film layers , and a cover plate 034 
disposed on the barrier layer 033 . The barrier layer 033 may 
be formed by silicon dioxide or silicon nitride . The cover 
plate 034 may be a transparent substrate , which may be a 
substrate made of a light - guiding and non - metal material 
with a certain rigidity such as glass , quartz , or transparent 
resin . Alternatively , the cover plate 034 may also be a 
flexible substrate , and the cover plate 034 may be a flexible 
substrate formed by polyimide ( PI ) . The cover plate 034 is 
disposed on the flexible substrate to facilitate the flexible 
display of the display device . In the embodiment of the 
present disclosure , optionally , as shown in FIG . 4 , the 
plurality of film layers are three film layers , and among the 
plurality of film layers , both the film layer close to the 
display device 04 and the film layer away from the display 
device 04 are inorganic layers 031 . The film layer close to 
the display device 04 may be a film layer that is in contact 
with the display device 04 among the plurality of film layers . 
The film layer away from the display device 04 may be a 
film layer that is the furthest from the display device 04 
among the plurality of film layers . 
[ 0058 ] Optionally , in the embodiment of the present dis 
closure , the display device 04 may be a display device , and 
the display device may be an OLED device or a quantum dot 
light emitting diode ( QLED ) device . The display device 04 
being an OLED device is taken as an example in FIG . 2 to 
FIG . 4 . As shown in FIG . 3 or FIG . 4 , the display device 04 
includes an organic light emitting layer , which may be an EL 
layer and may include a red light emitting unit 041 , a green 
light emitting unit 042 , and a blue light emitting unit 043 . 
Certainly , in practice , the organic light emitting layer may 
further include light emitting units of other colors . For 
example , the organic light emitting layer may further include 
a black light emitting unit , which is described again in the 
embodiment of the present disclosure . As shown in FIG . 2 
to FIG . 4 , the OLED device ( i . e . , the display device 04 ) is 
disposed on a base substrate 05 . For example , as shown in 
FIG . 5 , the base substrate 05 may include a display area and 
a non - display area . The non - display area of the base sub 
strate 05 may be an annular area ( usually a square annular 
area ) on the surface of the base substrate 05 near the edge , 
and the non - display area surrounds the display area . The 
display area is also commonly referred to as an active area 
( AA ) , and the non - display area is an area other than the 
display area on the first substrate . As shown in FIG . 5 , the 
OLED device is disposed on the display area of the base 
substrate 05 . Both the inorganic layer 031 and the organic 
layer 032 cover the display area of the base substrate 05 . 
[ 0059 ] Optionally , in the embodiment of the present dis 
closure , the base substrate 05 may be a transparent substrate , 
which may be a substrate made of a light - guiding and 
non - metal material with a certain rigidity such as glass , 
quartz , or transparent resin . Furthermore , a flexible substrate 
( not shown in FIG . 2 to FIG . 5 ) may usually be provided on 
the base substrate 05 . The OLED device may be disposed on 
the flexible substrate . After the encapsulation structure 03 is 
formed , the base substrate 05 may be stripped from the 
flexible substrate to realize flexible display with the flexible 
substrate . The flexible substrate may be formed by Polyim - 

ide . In the embodiment of the present disclosure , the mate 
rial for forming the inorganic layer 031 may include at least 
one of SiNx , TiO2 , and SiOx , and the inorganic layer 031 
may be formed through a thin film encapsulation chemical 
vapor deposition ( TFE CVD ) process , and the organic layer 
032 may be formed on the inorganic layer 031 through an 
ink - jet printing ( IJP ) process or a coating process . For 
example , a mixture layer containing a polymeric monomer , 
an initiator , a chain transfer agent , and a repairing micro 
structure may be first ink - jet printed or coated on the 
inorganic layer 031 to obtain a mixture layer , and then the 
mixture layer may be heated so that the polymeric monomer 
in the mixture layer undergoes a polymerization reaction 
under the action of the initiator and the chain transfer agent 
to obtain the organic layer 032 . The mixture layer may be 
heated so that the temperature of the mixture layer is within 
a preset temperature range of 30 degrees Celsius to 70 
degrees Celsius . In actual implementation , the substrate 
formed with the mixture layer may be placed in an envi 
ronment of 30 degrees Celsius to 70 degrees Celsius for a 
preset duration . In the environment of 30 degrees Celsius to 
70 degrees Celsius , the polymeric monomer may undergo a 
polymerization reaction within a preset period of time under 
the action of the initiator and the chain transfer agent , to 
form the organic layer 032 . It should be noted that the preset 
duration may generally be changed , and the preset duration 
is related to the temperature . For example , in the tempera 
ture range from 30 degrees Celsius to 70 degrees Celsius , the 
higher the temperature is , the shorter the preset duration is . 
[ 0060 ] Refer to FIG . 6 , which shows a schematic diagram 
of a repairing process using the repairing microstructure 
provided in accordance with an embodiment of the present 
disclosure . Referring to part ( a ) to part ( c ) in FIG . 6 , during 
the use of the encapsulation structure ( not shown in FIG . 6 ) , 
as shown in part ( a ) in FIG . 6 , a crack W is produced in the 
organic layer 032 under an external force ( for example , an 
external force applied during bending ) . As the crack W 
extends , as shown in part ( b ) FIG . 6 , the repairing micro 
structure 0322 at the expanding front of the crack W ruptures 
under the expanding force of the crack W . As shown in part 
( c ) in FIG . 6 , the repairing agent coated in the repairing 
microstructure 0322 is released into the crack W under the 
capillary force and undergoes a reversible addition - fragmen 
tation radical transfer polymerization reaction with the poly 
mer matrix 0321 of the organic layer 032 on the fracture 
surface of the crack W , to bond the crack W together to 
repair the crack W and prevent the crack W from further 
expanding , which realizes the self - repairing of the organic 
layer 032 , and thus realizes the self - repairing of the encap 
sulation structure 03 and extends the service life of the 
encapsulation structure 03 . In addition , in the embodiment 
of the present disclosure , the repairing microstructure 0322 
can guide water molecules , extend the penetration path of 
the water molecules , and improve the water resistance of the 
encapsulation structure 03 . For example , referring to FIG . 7 , 
which shows a schematic diagram of a penetration path of 
water molecules in the encapsulation structure in accordance 
with an embodiment of the present disclosure . Referring to 
FIG . 7 , the organic layer 032 has the repairing microstruc 
ture ( not shown in FIG . 7 ) . The existence of the repairing 
microstructure enables a contact surface to be formed 
between the polymer matrix in the organic layer 032 and the 
repairing microstructure , and water molecules are generally 
more likely to penetrate along the contact surface between 
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different media . Therefore , water molecules are more likely 
to penetrate along the penetration path 1 and the penetration 
path 3 in FIG . 7 , so that the penetration path of water 
molecules is lengthened , and the water resistance of the 
encapsulation structure 03 is improved . In the embodiment 
of the present disclosure , the existence of the repairing 
microstructure can improve the toughness of the organic 
layer 032 , disperse the stress of the inorganic layer 031 to 
prevent the stress of the inorganic layer 031 from being the 
excessively concentrated , reduce the probability of fracture 
deterioration in the bending process of the inorganic layer 
031 , improve the bendability of the encapsulation structure 
03 , and extend the encapsulation life of the encapsulation 
structure 03 , thereby further extending the service life of the 
display device . 
[ 0061 ] In summary , in the encapsulation structure pro 
vided in the embodiment of the present disclosure , since the 
organic layer includes polymer matrixes and repairing 
microstructures , the repairing microstructures may repair air 
channels , such as cracks and through - holes , in the organic 
layer , so that the encapsulation structure can effectively 
encapsulate the display device , which solves the problem of 
the poor encapsulation effect of the encapsulation structure 
and improves the encapsulation effect . Additionally , the 
encapsulation structure provided in the embodiment of the 
present disclosure has a simple structure and may be easily 
manufactured 
[ 0062 ] Referring to FIG . 8 , which shows a flow chart of a 
method for manufacturing an encapsulation structure pro 
vided in an embodiment of the present disclosure . This 
method may be used to manufacture the encapsulation 
structure 03 shown in any of FIG . 2 to FIG . 4 . Referring to 
FIG . 8 , the method includes the following steps . 
[ 0063 ] In step 801 , an inorganic layer coated on the 
display device is formed on the outside of the display device . 
[ 0064 ] In step 802 , an organic layer coated on the inor 
ganic layer is formed on the outside of the inorganic layer , 
where the organic layer comprises a polymer matrix and a 
repairing microstructure . 
[ 0065 ] In summary , with the method for manufacturing an 
encapsulation structure provided in the embodiment of the 
present disclosure , since the organic layer includes a poly 
mer matrix and a repairing microstructure , the repairing 
microstructure may repair air channels , such as cracks and 
through - holes , in the organic layer , so that the encapsulation 
structure can effectively encapsulate the display device , 
which solves the problem of the poor encapsulation effect of 
the encapsulation structure and improves the encapsulation 
effect . 
[ 0066 ] In some embodiments , the polymeric matrix is 
formed from a polymerization reaction of a reactant mixture , 
and the reactant mixture comprises a polymeric monomer , 
an initiator , and a chain transfer agent . Step 802 includes : 
forming a mixture layer comprising the polymeric monomer , 
the initiator , the chain transfer agent and the repairing 
microstructure on the outside of the inorganic layer through 
a preset process ; and heating the mixture layer so that the 
polymeric monomer in the mixture layer undergoes a 
polymerization reaction under the action of the initiator and 
the chain transfer agent to obtain the organic layer . 
[ 0067 ] The preset process comprises an ink - jet printing 
process or a coating process . 
10068 ] In some embodiments , heating the mixture layer 
comprises : heating the mixture layer so that the temperature 

of the mixture layer is within a preset temperature range 
from 30 degrees Celsius to 70 degrees Celsius . 
[ 0069 ] In some embodiments , before forming the mixture 
layer comprising the polymeric monomer , the initiator , the 
chain transfer agent , and the repairing microstructure on the 
outside of the inorganic layer through a preset process , the 
method further includes : forming the repairing microstruc 
ture ; and mixing the polymeric monomer , the initiator , the 
chain transfer agent , and the repairing microstructure . 
[ 0070 ] In some embodiments , step 801 includes : forming 
the inorganic layer coated on the display device on the 
outside of the display through a thin film encapsulation 
chemical vapor deposition process . 
[ 0071 ] All of the selectable technique solutions described 
above may be selected in any combination to form alterna 
tive embodiments of the present disclosure , and will not be 
described again herein . 
[ 0072 ] In summary , with the encapsulation method pro 
vided in the embodiment of the present disclosure , since the 
organic layer includes polymer matrixes and repairing 
microstructures , the repairing microstructures may repair air 
channels , such as cracks and through - holes , in the organic 
layer , so that the encapsulation structure can effectively 
encapsulate the display device , which solves the problem of 
the poor encapsulation effect of the encapsulation structure 
and improves the encapsulation effect . 
100731 . Refer to FIG . 9 , which shows a flowchart of a 
method for manufacturing an encapsulation structure in 
accordance with an embodiment of the present disclosure . 
This embodiment is described by taking an example in 
which the encapsulation structure shown in FIG . 4 is manu 
factured . For the method for manufacturing the encapsula 
tion structure shown in FIG . 2 and FIG . 3 , reference may be 
made to the method shown in FIG . 9 . Referring to FIG . 9 . 
the method includes the following steps . 
[ 0074 ] In step 901 , an inorganic layer coated on a display 
device is formed on the outside of the display device . 
[ 0075 ] As shown in FIG . 4 , a display device 04 is disposed 
on a base substrate 05 . Exemplarily , a TFT layer 051 is 
provided on the base substrate 05 . The TFT layer 051 may 
include a plurality of TFTs . The display device 04 is 
disposed on the TFT Layer 051 . It can be seen from FIG . 4 
that in the embodiment of the present disclosure , an inor 
ganic layer 031 coated on the display device 04 is formed on 
the outside of the display device 04 . That is , the inorganic 
layer 031 is formed on the base substrate 05 on which the 
display device 04 is formed , and the inorganic layer 031 
covers the outside of the display device 04 . 
[ 0076 ] Refer to FIG . 10 , which shows a schematic dia 
gram of the base substrate 05 provided with the display 
device 04 after the inorganic layer 031 is formed on the base 
substrate 05 provided in accordance with an embodiment of 
the present disclosure . A TFE CVD process may be adopted 
to deposit a layer of SiNx on the base substrate 05 on which 
the display device 04 is formed to form a SiNx layer , and 
then the SiNx layer is processed through a single patterning 
process to obtain the inorganic layer 031 . The single pat 
terning process includes photoresist coating , exposure , 
developing , etching , and photoresist stripping . Therefore , 
processing the SiNx layer through the single patterning 
process to obtain the inorganic layer 031 includes : coating a 
layer of photoresist on the SiNx layer to obtain a photoresist 
layer , exposing the photoresist layer with a mask plate to 
form a fully exposed area and a non - exposed area on the 
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photoresist layer , processing the exposed photoresist layer 
through a developing process to remove the photoresist in 
the fully exposed area and retain the photoresist in the 
non - exposed area , etching the area on the SiNx layer cor 
responding to the fully exposed area , and finally stripping off 
the photoresist in the non - exposed area , to form the inor 
ganic layer 031 in the area on the SiNx layer corresponding 
to the non - exposed area . It should be noted that the embodi 
ment of the present disclosure is described by taking an 
example in which a positive photoresist is used to form the 
inorganic layer 031 . In practice , a negative photoresist may 
also be used to form the inorganic layer 031 , which is not 
repeated in detail in the embodiment of the present disclo 
sure . 

[ 0077 ] In step 902 , an organic layer coated on the inor 
ganic layer is formed on the outside of the inorganic layer , 
where the organic layer includes a polymer matrix and a 
repairing microstructure . 

[ 0078 ] In the embodiment of the present disclosure , the 
polymer matrix is formed from a polymerization reaction of 
a reactant mixture which may include a polymeric monomer , 
an initiator , and a chain transfer agent . 
10079 ] In the embodiment of the present disclosure , a 
repairing microstructure may be formed first . The repairing 
microstructure is in the form of a capsule that includes a 
capsule wall and a capsule core . The material for forming the 
capsule wall may include melamine formaldehyde resin , 
urea formaldehyde resin , and gelatin . The material for 
forming the capsule core may include a repairing agent , and 
the repairing agent may include a polymeric monomer . The 
polymeric monomer includes at least one of methyl meth 
acrylate , ethyl methacrylate , acrylic acid , acrylamide , and 
styrene . Therefore , forming the repairing microstructure 
may include : forming the capsule wall using melamine 
formaldehyde resin , urea formaldehyde resin , and gelatin , 
forming the repairing agent using at least one of methyl 
methacrylate , ethyl methacrylate , acrylic acid , acrylamide , 
and styrene , taking the repairing agent as the material of the 
capsule core , and then placing the repairing agent in a cavity 
enclosed by the capsule wall to obtain the repairing micro 
structure . That is , the repairing agent is taken as the material 
of the capsule core and is placed in the cavity enclosed by 
the capsule wall to obtain the repairing microstructure . It 
should be noted that the embodiment of the present disclo 
sure merely briefly describes how to form the repairing 
microstructure , and for details of forming the repairing 
microstructure , reference may be made to the related art , 
which is not described herein again in the embodiment of the 
present disclosure . 
[ 0080 ] The polymeric monomer may include at least one 
of methyl methacrylate , ethyl methacrylate , acrylic acid , 
acrylamide , and styrene . The initiator may include at least 
one of azobisisobutyronitrile , methyl 2 , 2 ' - azobis ( 2 - methyl 
propionate ) , 2 , 2 - azobis , and benzoyl peroxide . The chain 
transfer agent may include at least one of a - methyl benzyl 
benzoate , cumyl dithiobenzeneacetate , and dibenzyl trithio 
carbonate . Therefore , the polymeric monomer may be 
formed using at least one of methyl methacrylate , ethyl 
methacrylate , acrylic acid , acrylamide , and styrene , the 
initiator may be formed using at least one of azobisisobu 
tyronitrile , methyl 2 , 2 ' - azobis ( 2 - methylpropionate ) , 2 , 2 
azobis , and benzoyl peroxide , and the chain transfer agent 

may be formed using at least one of a - methyl benzyl 
benzoate , cumyl dithiobenzeneacetate , and dibenzyl trithio 
carbonate . 
[ 0081 ] After the repairing microstructure is formed , the 
polymeric monomer , the initiator , the chain transfer agent , 
and the repairing microstructure may be mixed to obtain a 
mixture , then a mixture layer including the polymeric mono 
mer , the initiator , the chain transfer agent , and the repairing 
microstructure may be formed on the outside of the inor 
ganic layer using the mixture including the polymeric mono 
mer , the initiator , the chain transfer agent , and the repairing 
microstructure by a preset process , and finally the mixture 
layer is heated so that the polymeric monomer in the mixture 
layer undergoes a polymerization reaction under the action 
of the initiator and the chain transfer agent to obtain the 
organic layer . 
[ 0082 ] It should be noted that the mixture here is different 
from the reactant mixture . The mixture described here refers 
to a mixture formed by mixing the polymeric monomer , the 
initiator , the chain transfer agent , and the repairing micro 
structure , and the reactant mixture refers to a mixture formed 
by mixing the polymeric monomer , the initiator , and the 
chain transfer agent . 
[ 0083 ] The preset process may include an ink - jet printing 
process or a coating process . For example , refer to FIG . 11 , 
which shows a schematic diagram after the organic layer 032 
covering the inorganic layer 031 is formed on the outside of 
the inorganic layer 031 provided in accordance with an 
embodiment of the present disclosure . Referring to FIG . 11 , 
the organic layer 032 is coated on the outside of the 
inorganic layer 031 . In the embodiment of the present 
disclosure , the mixture including the polymeric monomer , 
the initiator , the chain transfer agent , and the repairing 
microstructure may be coated ( or ink - jet printed ) on the 
outside of the inorganic layer 031 to obtain the mixture 
layer , and then the mixture layer may be heated so that the 
polymeric monomer in the mixture layer undergoes a 
polymerization reaction under the action of the initiator and 
the chain transfer agent to obtain the organic layer 032 . The 
mixture layer may be heated so that the temperature of the 
mixture layer is within a preset temperature range of 30 
degrees Celsius to 70 degrees Celsius . In actual implemen 
tation , a substrate formed with the mixture layer may be 
placed in an environment of 30 degrees Celsius to 70 
degrees Celsius for a preset duration . In the environment of 
30 degrees Celsius to 70 degrees Celsius , the polymeric 
monomer may undergo a polymerization reaction within a 
preset period of time under the action of the initiator and the 
chain transfer agent to obtain the organic layer 032 . The 
preset duration may be set in accordance with actual needs , 
and the preset duration may generally be changed . The 
preset duration is related to the temperature . For example , in 
the temperature range from 30 degrees Celsius to 70 degrees 
Celsius , the higher the temperature is , the shorter the preset 
duration is . 
[ 0084 ] In step 903 , an inorganic layer coated on the 
organic layer is formed on the outside of the organic layer . 
[ 0085 ] Refer to FIG . 12 , which shows a schematic dia 
gram after an inorganic layer 031 coated on the organic layer 
032 is formed on the outside of the organic layer 032 
provided in accordance with an embodiment of the present 
disclosure . Referring to FIG . 12 , the inorganic layer 031 is 
coated on the outside of the organic layer 032 . For the 
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implementation process of step 903 , reference may be made 
to step 901 , and details are not repeated in the embodiment 
of the present disclosure . 
[ 0086 ] In step 904 , a barrier layer is formed on the 
inorganic layer coated on the organic layer . 
[ 0087 ] Refer to FIG . 13 , which shows a schematic dia 
gram after a barrier layer 033 is formed on the inorganic 
layer 031 coated on the organic layer 032 in accordance with 
an embodiment of the present disclosure . The barrier layer 
033 may be formed by silicon dioxide or silicon nitride , and 
the thickness of the barrier layer 033 may be set based on 
actual needs . For example , a layer of silicon dioxide may be 
deposited on the inorganic layer 031 coated on the organic 
layer 032 with a method , such as coating , magnetron sput 
tering , thermal evaporation , or plasma enhanced chemical 
vapor deposition ( PECVD ) , to obtain a silicon dioxide layer , 
and then the silicon dioxide layer is processed through a 
single patterning process to obtain the barrier layer 033 . The 
process of processing the silicon dioxide layer through a 
single patterning process to obtain the barrier layer 033 is 
similar to the process of processing the SiNx layer through 
a single patterning process to obtain the inorganic layer 031 , 
and details are not repeated in the embodiment of the present 
disclosure . 
[ 0088 ] In step 905 , a cover plate is provided on the barrier 
layer . 
[ 0089 ] The schematic diagram after a cover plate 034 is 
provided on the barrier layer 033 may be referred to FIG . 4 . 
The cover plate may be a transparent substrate , or may be a 
flexible substrate . Exemplarily , an optical adhesive may be 
used to attach the cover plate 034 onto the barrier layer 033 . 
The optical adhesive may be , for example , an optically clear 
adhesive ( OCA ) . For the process of disposing the cover plate 
034 on the barrier layer 033 , reference may be made to the 
related art , and the details will not be repeated in the 
embodiment of the present disclosure . 
[ 0090 ] In summary , with the method for manufacturing 
the encapsulation structure provided in the embodiment of 
the present disclosure , since the organic layer includes 
polymer matrixes and repairing microstructures , the repair 
ing microstructures may repair air channels , such as cracks 
and through - holes , in the organic layer , so that the encap 
sulation structure can effectively encapsulate the display 
device , which solves the problem of the poor encapsulation 
effect of the encapsulation structure and improves the encap 
sulation effect . 
[ 0091 ] An embodiment of the present disclosure further 
provides a display apparatus . The display apparatus may 
include : a display device and an encapsulation structure . The 
encapsulation structure may be any encapsulation structure 
03 shown in FIG . 2 to FIG . 4 , and the display device may 
be an OLED device or a QLED device . 
[ 0092 ] In summary , in the display apparatus provided in 
the embodiment of the present disclosure , since the organic 
layer includes polymer matrixes and repairing microstruc 
tures , the repairing microstructures may repair air channels , 
such as cracks and through - holes , in the organic layer , so 
that the encapsulation structure can effectively encapsulate 
the display device , which solves the problem of the poor 
encapsulation effect of the encapsulation structure and 
improves the encapsulation effect . 
[ 0093 ] Persons of ordinary skill in the art can understand 
that all or part of the steps described in the above embodi - 
ments can be completed through hardware , or through 

relevant hardware instructed by applications stored in a 
non - transitory computer readable storage medium , such as 
read - only memory , disk or CD , etc . 
[ 0094 ] The foregoing are only some embodiments of the 
present disclosure , and are not intended to limit the present 
disclosure . Within the spirit and principles of the disclosure , 
any modifications , equivalent substitutions , improvements , 
etc . , are within the scope of protection of the present 
disclosure . 

1 . An encapsulation structure for encapsulating a display 
device , comprising a plurality of film layers coated on the 
outside of the display device , wherein the plurality of film 
layers comprises an inorganic layer and an organic layer that 
are overlaid , and the organic layer comprises a polymer 
matrix and a repairing microstructure . 

2 . The encapsulation structure according to claim 1 , 
wherein the repairing microstructure is in the form of a 
capsule comprising a capsule wall and a capsule core , and a 
formation material of the capsule core comprises a repairing 
agent . 

3 . The encapsulation structure according to claim 2 , 
wherein the capsule wall of the repairing microstructure 
encloses a cavity , and the capsule core is in the cavity . 

4 . The encapsulation structure according to claim 2 , 
wherein the repairing agent is used for a reversible addition 
fragmentation transfer radical polymerization reaction with 
the polymer matrix . 

5 . The encapsulation structure according to claim 4 , 
wherein the polymer matrix is formed from a polymerization 
reaction of a reactant mixture , the reactant mixture com 
prises a polymeric monomer , an initiator , and a chain 
transfer agent , and the repairing agent comprises the poly 
meric monomer . 

6 . The encapsulation structure according to claim 5 , 
wherein 

the polymeric monomer comprises at least one of methyl 
methacrylate , ethyl methacrylate , acrylic acid , acryl 
amide , and styrene ; 

the initiator comprises at least one of azobisisobutyroni 
trile , methyl 2 , 2 ' - azobis ( 2 - methylpropionate ) , 2 , 2 - azo 
bis , and benzoyl peroxide ; and 

the chain transfer agent comprises at least one of 
a - methyl benzyl benzoate , cumyl dithiobenzeneac 
etate , and dibenzyl trithiocarbonate . 

7 . The encapsulation structure according to claim 2 , 
wherein a formation material of the capsule wall comprises 
melamine formaldehyde resin , urea formaldehyde resin , and 
gelatin . 

8 . The encapsulation structure according to claim 1 , 
wherein a formation material of the inorganic layer com 
prises at least one of silicon nitride , titanium dioxide , and 
silicon oxide . 

9 . The encapsulation structure according to claim 1 , 
wherein a formation process of the inorganic layer com 
prises a thin film encapsulation chemical vapor deposition 
process . 

10 . The encapsulation structure according to claim 1 , 
wherein a formation process of the organic layer comprises 
an ink - jet printing process or a coating process . 

11 . The encapsulation structure according to claim 1 , 
wherein the plurality of film layers are three film layers , and 
among the plurality of film layers , a film layer close to the 
display device and a film layer away from the display device 
are both inorganic layers . 
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12 . The encapsulation structure according to claim 1 , 
wherein the encapsulation structure further comprises : a 
barrier layer disposed on the outside of the plurality of film 
layers , and a cover plate disposed on the barrier layer . 

13 . The encapsulation structure according to claim 1 , 
wherein the display device is disposed on a display area of 
a base substrate , and both the inorganic layer and the organic 
layer cover the display area . 

14 . The encapsulation structure according to claim 13 , 
wherein the display device comprises : an organic light 
emitting diode ( OLED ) device or a quantum dot light 
emitting diode ( QLED ) device . 

15 . A method for manufacturing an encapsulation struc 
ture of a display device , wherein the method comprises : 

forming an inorganic layer coated on the display device 
on the outside of the display device ; and 

forming an organic layer coated on the inorganic layer on 
the outside of the inorganic layer , wherein the organic 
layer comprises a polymer matrix and a repairing 
microstructure . 

16 . The method of claim 15 , wherein the polymeric matrix 
is formed from a polymerization reaction of a reactant 
mixture , and the reactant mixture comprises a polymeric 
monomer , an initiator , and a chain transfer agent , and 
forming the organic layer coated on the inorganic layer on 
the outside of the inorganic layer comprises : 

forming a mixture layer comprising the polymeric mono 
mer , the initiator , the chain transfer agent , and the 
repairing microstructure on the outside of the inorganic 
layer by using a preset process ; and 

heating the mixture layer , so that the polymeric monomer 
in the mixture layer undergoes a polymerization reac 
tion under the action of the initiator and the chain 
transfer agent to obtain the organic layer , wherein 

the preset process comprises an ink - jet printing process or 
a coating process . 

17 . The method according to claim 16 , wherein heating 
the mixture layer comprises : heating the mixture layer so 
that a temperature of the mixture layer is within a preset 
temperature range , wherein the preset temperature range is 
30 degrees Celsius to 70 degrees Celsius . 

18 . The method according to claim 16 , wherein before 
forming the mixture layer comprising the polymeric mono 
mer , the initiator , the chain transfer agent , and the repairing 
microstructure on the outside of the inorganic layer by using 
the preset process , the method further comprises : 

forming the repairing microstructure ; and 
mixing the polymeric monomer , the initiator , the chain 

transfer agent , and the repairing microstructure . 
19 . The method according to claim 15 , wherein forming 

the inorganic layer coated on the display device on the 
outside of the display device comprises : 

forming the inorganic layer coated on the display device 
on the outside of the display device using a thin film 
encapsulation chemical vapor deposition process . 

20 . A display apparatus , wherein the display apparatus 
comprises : a display device and an encapsulation structure 
according to claim 1 , wherein the display device comprises 
an OLED device or a QLED device . 


