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THIN-FILM ENCAPSULATION STRUCTURE
AND DISPLAY APPARATUS THEREWITH

FIELD

[0001] The disclosure relates to the field of display tech-
nology, and more particularly, to thin-film encapsulation
structures, manufacturing methods, and display apparatus
therewith.

BACKGROUND

[0002] The encapsulation technology is a common tech-
nology for organic light-emitting diode (OLED). The object
of encapsulating an organic light-emitting diode is to protect
the organic light-emitting diode, and more particularly, to
prevent a light-emitting layer of the organic light-emitting
diode from damages caused by moisture or oxygen. Usually,
OLED is encapsulated by way of encapsulation with glass
powders, encapsulation with a cover attached with drying
sheets or the like to improve the moisture and oxygen barrier
capabilities. However, these encapsulation structures can
only be used in rigid displays but not in flexible displays,
resulting in limiting the development of flexible display
technologies.

SUMMARY

[0003] In view of the above, the present application pro-
vides a thin-film encapsulation structure for improving
moisture and oxygen barrier capabilities. Furthermore, the
present application further provides methods and display
apparatus with such thin-film encapsulation structure.
[0004] An aspect of the present disclosure provides a
thin-film encapsulation structure. The thin-film encapsula-
tion structure includes a plurality of inorganic film layers
and at least one organic film layer which are laminated
alternately at one side of a packaged device. The plurality of
inorganic film layers include N inorganic film layers includ-
ing first to N-th inorganic film layers arranged sequentially
from inside to outside, N=2. In such a context, at least the
first inorganic film layer has a refractive index increasing
gradually from inside to outside.

[0005] In an embodiment, the first inorganic film layer
includes M sub-layers including first to M-th sub-layers
arranged sequentially from inside to outside, M=2. The M
sub-layers of the first inorganic film layer have refractive
indexes increasing sub-layer by sub-layer from the first
sub-layer to the M-th sub-layer.

[0006] In an embodiment, the M sub-layers of the first
inorganic film layer have thicknesses increasing sub-layer
by sub-layer from the first sub-layer to the M-th sub-layer.
[0007] In an embodiment, each of the plurality of inor-
ganic film layers has a refractive index increasing gradually
from inside to outside.

[0008] In an embodiment, the plurality of inorganic film
layers have refractive indexes increasing layer by layer from
the first inorganic film layer to the N-th inorganic film layer.
[0009] Inan embodiment, one of the plurality of inorganic
film layers closest to the packaged device in the thin-film
encapsulation structure is the first inorganic film layer.
[0010] Inan embodiment, the first inorganic film layer has
a refractive index ranging from 1.45 to 1.91.

[0011] In an embodiment, the refractive index of the first
sub-layer of the first inorganic film layer ranges from 1.45 to
1.81.
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[0012] Inan embodiment, one of the plurality of inorganic
film layers farthest away from the packaged device in the
thin-film encapsulation structure is the N-th inorganic film
layer, and the N-th inorganic film layer has a refractive index
ranging from 1.63 to 1.91.

[0013] According to another aspect of the present disclo-
sure, further provided is a display apparatus, including a
substrate, a display device and the thin-film encapsulation
structure as described above.

[0014] The thin-film encapsulation structure described
above includes a plurality of inorganic film layers and an
organic film layer which are laminated alternately at one side
of'the packaged device. At least the first inorganic film layer
has a refractive index increasing gradually from inside to
outside. A portion of the first inorganic film layer adjacent to
the packaged device is formed by a deposition method with
arelatively lower temperature or a relatively lower power, so
as to be able to reduce damage to the packaged device during
the deposition. A portion of the first inorganic film layer
away from the packaged device forms an inorganic layer
with a higher refractive index, less deficiencies and a higher
density by a deposition method with a relatively higher
temperature or a relatively higher power, so as to be able to
improve the moisture and oxygen barrier capabilities, con-
siderably improving the storage life of the packaged prod-
uct.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] In order to more clearly illustrate the technical
solutions of the embodiments of the present application or in
the prior art, the drawings used in the embodiments will be
briefly described below. It is obvious that the drawings in the
following description are merely some of the embodiments
described in the present disclosure. Some other embodi-
ments of the present disclosure can also be obtained by those
skilled in the art from these drawings.

[0016] FIG. 1 is a schematic structural diagram of a
display apparatus according to an embodiment of the present
disclosure.

[0017] FIG. 2 is a schematic diagram of a thin-film encap-
sulation structure according to Example 1 of the present
disclosure.

[0018] FIG. 3 is a schematic diagram of a thin-film encap-
sulation structure according to Example 2 of the present
disclosure.

[0019] FIG. 4 is a schematic diagram of a thin-film encap-
sulation structure according to Comparative Example 1.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] In order to make the objects, technical solutions
and advantages of the present disclosure more comprehen-
sible, the thin-film encapsulation structure of the present
disclosure and the display device therewith are further
described in detail below with reference to the accompany-
ing drawings. It should be understood that the detailed
embodiments described herein is merely to set forth the
present disclosure, but not intended to limit the present
disclosure.

[0021] Referring to FIG. 1 and FIG. 4, the thin-film
encapsulation structure of the present disclosure includes a
plurality of inorganic film layers and at least one organic
film layer laminated alternately at one side of a packaged
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device, for example a display device (such as OLED
device). The plurality of inorganic film layers include N
inorganic film layers including first to N-th inorganic film
layers arranged sequentially from inside to outside, N=2. In
such a context, at least the first inorganic film layer has a
refractive index increasing gradually from inside to outside.

[0022] The refractive index relates to the quality of the
inorganic film layer, that is, the denser the thin-film, the
higher the refractive index is, thus accordingly the higher the
moisture and oxygen barrier capabilities are. The refractive
index of the first inorganic film layer arranged on the one
side of the packaged device in the thin-film encapsulation
structure is configured to increase gradually from inside to
outside. A portion of the first inorganic film layer adjacent to
the packaged device may be formed by a deposition method
with a relatively lower temperature or a relatively lower
power, so as to be able to reduce damage to the packaged
device during the deposition. A portion of the first inorganic
film layer away from the packaged device may be formed by
a deposition method with a relatively higher temperature, so
that the portion of the inorganic film layer has a higher
refractive index, less deficiencies and a higher density, to be
able to improve the moisture and oxygen barrier capabilities
of the encapsulation structure, considerably improving the
storage life of the packaged product.

[0023] When depositing the first inorganic film layer, if
the temperature is too high during the deposition, the pack-
aged device may be damaged, but if the temperature is too
low, deposited atomic groups do not have sufficient energy
migrate, resulting in more defects. In the present disclosure,
the first inorganic film layer with the relatively lower refrac-
tive index is firstly deposited on and adjacent to the pack-
aged device. Since the first inorganic film layer may be
formed by the deposition under a condition of a lower
temperature, for example between 30° C. and 60° C., and of
a lower power set according to the device conditions, so as
to reduce damage to the packaged device. Meanwhile, the
formed first inorganic film layer adjacent to the packaged
device covers the packaged device, provides a better inter-
face environment for a further inorganic film layer to be
deposited next, and further facilitates that the subsequent
deposition with a higher temperature is able to prepare the
first inorganic film layer having a higher refractive index.
The first inorganic film layer having the higher refractive
index is of higher density and less deficiencies and has
higher moisture and oxygen barrier capabilities.

[0024] It should be noted that the method of forming the
first inorganic film layer by deposition may be a magnetron
sputtering method, an atomic layer deposition method, an
electron beam evaporation method, a plasma enhanced
chemical vapor deposition method, or the like. As an
optional implementation, the first inorganic film layer
includes M sub-layers including first to M-th sub-layers
arranged sequentially from inside to outside, M=2. The first
inorganic film layer has a refractive index increasing sub-
layer by sub-layer from the first sub-layer to the M-th
sub-layer. The remaining inorganic film layers may be
configured as the same.

[0025] Taking account in encapsulating processes, the first
sub-layer having a relatively lower refractive index is gen-
erally prepared by using a process which causes less damage
to the packaged device. Damage to the packaged device can
be reduced due to low damaging processes applying the
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condition parameters such as lower power and lower tem-
perature to the first sub-layer serving as the first encapsu-
lation film.

[0026] A second sub-layer having an increased refractive
index is superimposed on a homogeneous film layer having
a lower refractive index, i.e., the first sub-layer. Since the
second sub-layer and the first sub-layer are homogeneous
film layers, the film structures of both the two sub-layers are
more compatible and the bonding force is higher. The
second sub-layer is prepared by using a process with con-
dition parameters such as a higher power and a higher
temperature to improve the film quality, reducing the inter-
nal defects in the second sub-layer having the higher refrac-
tive index, causing the second sub-layer denser and to have
higher moisture and oxygen barrier capabilities. Although
there is a higher power and a higher temperature when
preparing the second sub-layer, the process of depositing the
second sub-layer does not cause damage to the packaged
device due to the protection effect from the first sub-layer on
the packaged device. Therefore, the bonding of the first
sub-layer and the second sub-layer can achieve a combined
effect of not only improving the moisture and oxygen barrier
capabilities, but also avoiding the damage to the OLED
device.

[0027] Similarly, the third sub-layer to the M-th sub-layer
having refractive indexes increasing sub-layer by sub-layer
are sequentially deposited in a superimposing manner, and
the temperature and power during the deposition process can
be further increased so as to obtain a higher quality film
layer to further improve the moisture and oxygen barrier
capabilities.

[0028] By a multi-step deposition of the homogeneous
film layers with the increasing refractive indexes serving as
the first sub-layer to the M-th sub-layer, the diffusion and
extension of defects in the respective sub-layers can be
effectively prevented, and the film layer with the higher
refractive index is denser and its stress can also be gradually
reduced.

[0029] Optionally, in a film encapsulation process, the
inorganic material is provided by using a multi-step depo-
sition method to gradually increase the refractive indexes of
the same inorganic material by changing the deposition
conditions gradually. The density of the inorganic material
increases gradually, and the internal defects are reduced, so
that the first inorganic film layer has a refractive index
increasing gradually from inside to outside.

[0030] Optionally, the inorganic material may be any one
of SiOx, SiNx, TiO,, Al,O,, or a mixture thereof.

[0031] For example, in the film encapsulation process, an
inorganic material is first deposited on one side of the
packaged device by using a chemical vapor deposition
(CVD). A first sub-layer having a lower refractive index is
firstly generated as a buffer layer, and in turn a homogeneous
film layer having a higher refractive index is generated as the
second sub-layer with a higher refractive index. The first
film layer having the lower refractive index is formed by
using a process with a low temperature, for example, 50° C.,
and with a low power, for example, 300W, to reduce damage
to the OLED device at the bottom. The second film layer
having the higher refractive index is formed by using a
process with a high temperature, for example, 80° C. and
with a low power, for example, 800W, to improve the film
layer quality of the second layer. As an optional implemen-
tation, thicknesses of the first sub-layer to the M-th sub-layer
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increase gradually. The gradual increase in the thicknesses
can ensure that the film layer having the higher refractive
index and the better density is thicker, and has a better effect
of barring moisture and oxygen.

[0032] As an optional implementation, each of the inor-
ganic film layers in the thin-film encapsulation structure has
a refractive index increasing gradually from inside to out-
side.

[0033] For example, the thin-film encapsulation structure
includes the first inorganic film layer, the first organic layer,
and the second inorganic film layer which are sequentially
superimposed from inside to outside. The first inorganic film
layer has a refractive index gradually increasing from inside
to outside, and the second inorganic film layer also has a
refractive index gradually increasing from inside to outside.
[0034] The second inorganic film layer includes a first
sub-layer and a second sub-layer, and the first sub-layer has
a refractive index smaller than that of the second sub-layer.
Accordingly, the refractive index of the first sub-layer is
lower and the first sub-layer can be deposited by using a
process with a relatively lower temperature or a lower
power, to reduce damage to the first organic layer. The
refractive index of the second sub-layer is higher and can be
deposited by using a process with a relatively higher tem-
perature and a higher power, without causing damage to the
first organic layer. Meanwhile, since the second sub-layer is
formed by using the higher temperature or the higher power
and the first sub-layer serves as a buffer layer, so the second
sub-layer is denser and has less defects, and higher moisture
and oxygen barrier capabilities. Moreover, since the second
sub-layer is located on the surface of the encapsulation
structure, it is more necessary to configure it to be a thin-film
layer having a high refractive index, a high density, and high
moisture and oxygen barrier capabilities.

[0035] By increasing the refractive indexes of all the
inorganic film layers from inside to outside gradually, that is,
the closer to the surface of the encapsulation structure, the
higher the refractive index of the film layer is, and the higher
the moisture and oxygen barrier capabilities are, which is
more advantageous for improving the service life of the
encapsulation structure.

[0036] As an optional implementation, the encapsulation
structure has refractive indexes increasing layer by layer
from the first inorganic film layer to the N-th inorganic film
layer.

[0037] As an optional implementation, one of the plurality
of inorganic film layers closest to the packaged device in the
thin-film encapsulation structure is the first inorganic film
layer. The refractive index of the first sub-layer of the first
inorganic film layer is low, and damage to the packaged
device when preparing the first inorganic film layer can be
reduced by using a low damaging process with condition
parameters such as a low power and a low temperature.
[0038] As an optional implementation, the refractive index
of the first inorganic film layer ranges from 1.45 to 1.91.
[0039] As an optional implementation, the refractive index
of the first sub-layer of the first inorganic film layer ranges
from 1.45 to 1.80. Optionally, the deposition temperature of
the first sub-layer of the first inorganic film layer ranges
from 30° C. to 60° C., and a lower power is selected as the
deposition power according to the actual conditions of the
equipment.

[0040] As an optional implementation, the inorganic film
layer of the plurality of inorganic film layers farthest from
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the packaged device in the thin-film encapsulation structure
is the N-th inorganic film layer, and the refractive index of
the N-th inorganic film layer ranges from 1.63 to 1.90.
[0041] Continue to refer to FIG. 1. The display apparatus
of the present disclosure includes a substrate 10, a display
device 20 and a thin-film encapsulation structure. The dis-
play device 20 is a packaged device. The thin-film encap-
sulation structure is arranged at one side of the display
device 20 away from the substrate 10, configured to package
this display device 20. The thin-film encapsulation structure
includes a first inorganic film layer 110, a first organic film
layer 210, a second inorganic film layer 120 and a second
organic film layer 220 which are laminated sequentially
from inside to outside.

EXAMPLE 1

[0042] Referring to FIG. 2, the thin-film encapsulation
structure in this example includes a first inorganic film layer
110, a first organic film layer 210 and a second inorganic
film layer 120 which are laminated sequentially at one side
of the packaged device from inside to outside.

[0043] The first inorganic film layer 110 has sequentially
from inside to outside a first sub-layer 111 of the first
inorganic film layer and a second sub-layer 112 of the first
inorganic film layer which are made of silicon nitride. The
first sub-layer 111 of the first inorganic film layer has a
refractive index of 1.78, and a thickness of 200 nm, and the
second sub-layer 112 of the first inorganic film layer has a
refractive index of 1.85, and a thickness of 800 nm.
[0044] The second inorganic film layer 120 has sequen-
tially from inside to outside a first sub-layer 121 of the
second inorganic film layer and a second sub-layer 122 of
the second inorganic film layer which are made of silicon
nitride. The first sub-layer 121 of the second inorganic film
layer and the second sub-layer 122 of the second inorganic
film layer have refractive indexes of 1.79 and 1.85 respec-
tively, and thicknesses of 200 nm and 800 nm respectively.
[0045] The display apparatus packaged by the thin-film
encapsulation structure in this example is measured under a
test condition of a high temperature at 60° C. and a high
humidity at 90H that the storage life is more than 760 h.

EXAMPLE 2

[0046] Referring to FIG. 3, the thin-film encapsulation
structure in this example includes a first inorganic film layer
110, a first organic film layer 210 and a second inorganic
film layer 120 which are laminated at one side of the
packaged device sequentially from inside to outside.
[0047] The first inorganic film layer 110 has sequentially
from inside to outside a first sub-layer 111 of the first
inorganic film layer, a second sub-layer 112 of the first
inorganic film layer and a third sub-layer 113 of the first
inorganic film layer which are made of silicon nitride. The
first sub-layer 111 of the first inorganic film layer, the second
sub-layer 112 of the first inorganic film layer, and the third
sub-layer 113 of the first inorganic film layer have refractive
indexes of 1.76, 1.83, and 1.85 respectively, and thicknesses
of 100 nm, 400 nm, and 500 nm respectively.

[0048] The second inorganic film layer 120 has sequen-
tially from inside to outside a first sub-layer 121 of the
second inorganic film layer, a second sub-layer 122 of the
second inorganic film layer and a third sub-layer 123 of the
second inorganic film layer which are made of silicon
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nitride. The first sub-layer 121 of the second inorganic film
layer, the second sub-layer 122 of the second inorganic film
layer, and the third sub-layer 123 of the second inorganic
film layer have refractive indexes of 1.76, 1.83, and 1.87
respectively, and thicknesses of 100 nm, 400 nm, and 500
nm respectively.

[0049] The display apparatus packaged by the thin-film
encapsulation structure of this example is measured under a
test condition at 60° C. and at 90H that the storage life is 870
h.

EXAMPLE 3

[0050] The thin-film encapsulation structure of this
example includes a first inorganic film layer, a first organic
film layer and a second inorganic film layer which are
laminated at one side of the packaged device sequentially
from inside to outside.

[0051] The first inorganic film layer has sequentially from
inside to outside a first sub-layer of the first inorganic film
layer, a second sub-layer of the first inorganic film layer and
a third sub-layer of the first inorganic film layer which are
made of silicon nitride. The first sub-layer of the first
inorganic film layer, the second sub-layer of the first inor-
ganic film layer, and the third sub-layer of the first inorganic
film layer have refractive indexes of 1.76, 1.83, and 1.85
respectively, and thicknesses of 200 nm, 500 nm, and 600
nm respectively.

[0052] The second inorganic film layer is a sub-layer
having a uniform refractive index, which is made of silicon
nitride. The second inorganic film layer has a refractive
index of 1.87 and a thickness of 1000 nm.

[0053] The display apparatus packaged by the thin-film
encapsulation structure of this example is measured under a
test condition of a high temperature at 60° C. and a high
humidity at 90H that the storage life is more than 760 h.

EXAMPLE 4

[0054] The thin-film encapsulation structure of this
example includes a first inorganic film layer, a first organic
film layer and a second inorganic film layer which are
laminated at one side of the packaged device sequentially
from inside to outside.

[0055] The first inorganic film layer has sequentially from
inside to outside a first sub-layer of the first inorganic film
layer and a second sub-layer of the first inorganic film layer
which are made of silicon nitride. The first sub-layer of the
first inorganic film layer and the second sub-layer of the first
inorganic film layer have refractive indexes of 1.76 and 1.80
respectively, and thicknesses of 500 nm and 600 nm respec-
tively.

[0056] The second inorganic film layer has sequentially
from inside to outside a first sub-layer of the second inor-
ganic film layer and a second sub-layer of the second
inorganic film layer which are made of silicon nitride. The
first sub-layer of the second inorganic film layer and the
second sub-layer of the second inorganic film layer have
refractive indexes of 1.83 and 1.87 respectively, and thick-
nesses of 500 nm, 600 nm respectively.

[0057] The display apparatus packaged by the thin-film
encapsulation structure of this example is measured under a
test condition of a high temperature at 60° C. and a high
humidity at 90H that the storage life is more than 760 h.

Oct. 28, 2021

COMPARATIVE EXAMPLE 1

[0058] Referring to FIG. 4, the thin-film encapsulation
structure in this comparative example includes a first inor-
ganic film layer 110, a first organic film layer 210 and a
second inorganic film layer 120 which are laminated at one
side of the packaged device sequentially from inside to
outside.

[0059] The first inorganic film layer 110 is an inorganic
film layer having a uniform refractive index, which is made
of silicon nitride. The first inorganic film layer 110 has a
uniform refractive index of 1.78, and a thickness of 1,000
nm which is equal to the thickness of the first inorganic film
layer in the example 1.

[0060] The second inorganic film layer 120 is an inorganic
film layer having a uniform refractive index, which is made
of silicon nitride. The second inorganic film layer 120 has a
uniform refractive index of 1.78, and a thickness of 1,000
nm which is equal to the thickness of the second inorganic
film layer in the example 1.

[0061] The display apparatus packaged by the thin-film
encapsulation structure of this comparative example is mea-
sured under a test condition at 60° C. and at 90H that the
storage life is 240 h.

COMPARATIVE EXAMPLE 2

[0062] The thin-film encapsulation structure in this com-
parative example includes a first inorganic film layer, a first
organic film layer and a second inorganic film layer which
are laminated at one side of the packaged device sequen-
tially from inside to outside.

[0063] The first inorganic film layer has sequentially from
inside to outside a first sub-layer of the first inorganic film
layer and a second sub-layer of the first inorganic film layer
which are made of silicon nitride. The first sub-layer of the
first inorganic film layer and the second sub-layer of the first
inorganic film layer have refractive indexes of 1.85 and 1.78
respectively, and thicknesses of 200 nm and 800 nm respec-
tively.

[0064] The second inorganic film layer has sequentially
from inside to outside a first sub-layer of the second inor-
ganic film layer and a second sub-layer of the second
inorganic film layer which are made of silicon nitride. The
first sub-layer of the second inorganic film layer and the
second sub-layer of the second inorganic film layer have
refractive indexes of 1.85 and 1.79 respectively, and thick-
nesses of 200 nm and 800 nm respectively.

[0065] The display apparatus packaged by the thin-film
encapsulation structure of this comparative example is mea-
sured under a test condition at 60° C. and at 90H that the
storage life is 350 h.

COMPARATIVE EXAMPLE 3

[0066] The thin-film encapsulation structure in this com-
parative example includes a first inorganic film layer, a first
organic film layer and a second inorganic film layer which
are laminated at one side of the packaged device sequen-
tially from inside to outside.

[0067] The first inorganic film layer has sequentially from
inside to outside a first sub-layer of the first inorganic film
layer, a second sub-layer of the first inorganic film layer and
a third sub-layer of the first inorganic film layer which are
made of silicon nitride. The first sub-layer of the first
inorganic film layer, the second sub-layer of the first inor-



US 2021/0336217 Al

ganic film layer, and the third sub-layer of the first inorganic
film layer have refractive indexes are of 1.85, 1.83, and 1.76
respectively, and thicknesses of 200 nm, 500 nm, 600 nm
respectively.

[0068] The second inorganic film layer is a sub-layer
having a uniform refractive index, which is made of silicon
nitride. The second inorganic film layer has a refractive
index of 1.87 and a thickness of 1000 nm.

[0069] The display apparatus packaged by the thin-film
encapsulation structure of this comparative example is mea-
sured under a test condition at 60° C. and at 90H that the
storage life is 380 h.

COMPARATIVE EXAMPLE 4

[0070] The thin-film encapsulation structure in this com-
parative example includes a first inorganic film layer, a first
organic film layer and a second inorganic film layer which
are laminated at one side of the packaged device sequen-
tially from inside to outside.

[0071] The first inorganic film layer has sequentially from
inside to outside a first sub-layer of the first inorganic film
layer and a second sub-layer of the first inorganic film layer
which are made of silicon nitride. The first sub-layer of the
first inorganic film layer and the second sub-layer of the first
inorganic film layer have refractive indexes of 1.80 and 1.76
respectively, and thicknesses of 600 nm and 500 nm respec-
tively.

[0072] The second inorganic film layer has sequentially
from inside to outside a first sub-layer of the second inor-
ganic film layer and a second sub-layer of the second
inorganic film layer which are made of silicon nitride. The
first sub-layer of the second inorganic film layer and the
second sub-layer of the second inorganic film layer have
refractive indexes of 1.87 and 1.83 respectively, and thick-
nesses of 600 nm and 500 nm respectively.

[0073] The display apparatus packaged by the thin-film
encapsulation structure of this example is measured under a
test condition of a high temperature at 60° C. and a high
humidity at 90H that the storage life is 380 h.

[0074] As described in the above-mentioned disclosure,
storage lives measured in examples according to the present
disclosure are compared with those in the comparative
examples, as shown in the Table 1 below. Compared with the
conventional encapsulation structure in which an inorganic
film layer and an organic film layer both having a uniform
refractive index are alternately laminated, the thin-film
encapsulation structure according to the present disclosure
have sub-layers with gradually increasing refractive indexes
in the case of the same package thickness, so that the density
of the inorganic film layer can be increased. Accordingly, as
the refractive indexes of the sub-layers are increased gradu-
ally, stresses of the sub-layers are reduced sub-layer by
sub-layer, which can significantly improve the moisture and
oxygen barrier capabilities of the product, and improve the
storage life of the product.

TABLE 1

Comparison of stress and storage life between
the examples and the comparative examples

Serial No. Storage life/h (60° C. 90 H)
Example 1 760
Example 2 870
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TABLE 1-continued

Comparison of stress and storage life between
the examples and the comparative examples

Serial No. Storage life/h (60° C. 90 H)
Example 3 760
Example 4 760
Comparative Example 1 240
Comparative Example 2 350
Comparative Example 3 350
Comparative Example 4 380
[0075] In the description of the present disclosure, the

terms “first” and “second” are used merely for illustrative
purposes and are not to be construed as indicating or
implying relative importance.

[0076] The above embodiments are merely illustrative of
several implementations of the disclosure, and the descrip-
tion thereof is more specific and detailed, but should not be
deemed as limitations to the scope of the present disclosure.
It should be noted that variations and improvements will
become apparent to those skilled in the art to which the
present disclosure pertains without departing from its scope.
Therefore, the scope of the present disclosure is defined by
the appended claims.

1. A thin-film encapsulation structure comprising a plu-
rality of inorganic film layers and at least one organic film
layer laminated alternately at one side of an organic light-
emitting diode, wherein the plurality of inorganic film layers
comprises N inorganic film layers, the N inorganic film
layers comprising first to N-th inorganic film layers arranged
sequentially from inside to outside, N=2;

wherein at least the first inorganic film layer is charac-
terized by a refractive index increasing gradually from
inside to outside.

2. The thin-film encapsulation structure of claim 1,
wherein the first inorganic film layer comprises M sub-
layers comprising first to M-th sub-layers arranged sequen-
tially from inside to outside, M=2, and wherein the M
sub-layers of the first inorganic film layer are characterized
by refractive indexes increasing sub-layer by sub-layer from
the first sub-layer to the M-th sub-layer.

3. The thin-film encapsulation structure of claim 2,
wherein the M sub-layers of the first inorganic film layer are
characterized by thicknesses increasing sub-layer by sub-
layer from the first sub-layer to the M-th sub-layer.

4. The thin-film encapsulation structure of claim 1,
wherein each of the plurality of inorganic film layers is
characterized by a refractive index increasing gradually
from inside to outside.

5. The thin-film encapsulation structure of claim 4,
wherein the plurality of inorganic film layers is character-
ized by refractive indexes increasing layer by layer from the
first inorganic film layer to the N-th inorganic film layer.

6. The thin-film encapsulation structure of claim 2,
wherein one of the plurality of inorganic film layers posi-
tioned closest to the organic light-emitting diode in the
thin-film encapsulation structure is the first inorganic film
layer.

7. The thin-film encapsulation structure of claim 6,
wherein the first inorganic film layer is characterized by a
refractive index ranging from 1.45 to 1.91.
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8. The thin-film encapsulation structure of claim 7,
wherein the first sub-layer of the first inorganic film layer is
characterized by a refractive index ranging from 1.45 to
1.81.

9. The thin-film encapsulation structure of claim 2,
wherein one of the plurality of inorganic film layers farthest
from the organic light-emitting diode is the N-th inorganic
film layer, and the N-th inorganic film layer has a refractive
index ranging from 1.63 to 1.91.

10. A display apparatus, comprising a substrate, a display
device and the thin-film encapsulation structure of claim 1.

11. The thin-film encapsulation structure of claim 2,
wherein the M sub-layers of the first inorganic film layer are
homogeneous film layers.

12. The thin-film encapsulation structure of claim 1,
wherein a material of each of the inorganic film layers is any
one of SiOx, SiNx, TiO2, A1203, or a mixture thereof.

13. A method for manufacturing the thin-film encapsula-
tion structure of claim 1, comprising:

forming the N inorganic film layers and at least one
organic film layer alternately at one side of an organic
light-emitting diode by a deposition method, wherein at
least the first inorganic film layer is characterized by a
refractive index increasing gradually from inside to
outside.

14. The method of claim 13, wherein the first inorganic
film layer comprises M sub-layers comprising first to M-th
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sub-layers arranged sequentially from inside to outside,
Mz=2, and the step of forming the first inorganic film layer
comprises:

forming at least one sub-layer of the first inorganic film

layer adjacent to the organic light-emitting diode by a
deposition method with a relatively lower temperature
or a relatively lower power.

15. The method of claim 14, wherein the step of forming
the first inorganic film layer further comprises:

forming at least one sub-layer of the first inorganic film

layer away from the organic light-emitting diode by a
deposition method with a relatively higher temperature.

16. The method of claim 14, wherein the temperature for
forming the first sub-layer ranges from 30° C. to 60° C.

17. The method of claim 13, wherein the temperature for
forming the first inorganic film layer ranges from 30° C. to
60° C.

18. The method of claim 13, wherein the step of forming
the N inorganic film layers and at least one organic film layer
alternately at one side of an organic light-emitting diode by
a deposition method, wherein at least the first inorganic film
layer has a refractive index increasing gradually from inside
to outside comprises:

forming the first inorganic film layer to be closest to the

organic light-emitting diode.

19. The method of claim 13, wherein the deposition
method is one of a magnetron sputtering method, an atomic
layer deposition method, an electron beam evaporation
method, a chemical vapor deposition method.
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