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(57) ABSTRACT

The present disclosure provides a method of packaging an
OLED apparatus, an OLED packaging apparatus and a
display device, and relates to the field of the OLED. The
method includes steps: forming a first inorganic thin film
layer on an OLED to be packaged; forming a groove on a
surface of the first inorganic thin film layer; forming a
second organic thin film layer within the groove; and form-
ing a third inorganic thin film layer covering the first
inorganic thin film layer and the second organic thin film
layer.
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METHOD FOR PACKAGING ORGANIC
LIGHT-EMITTING DIODE APPARATUS,
ORGANIC LIGHT-EMITTING DIODE
PACKAGING APPARATUS AND DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Chinese appli-
cation No. 201610021164.1, filed Jan. 13, 2016, which is
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of the
Organic Light-Emitting Diode (OLED), in particular to a
method for packaging an OLED apparatus, an OLED pack-
aging apparatus and a display device.

BACKGROUND

[0003] Due to advantages such as an all-solid-state struc-
ture, high brightness, all perspectives, a high response speed
and a flexible display, the OLED has become a new gen-
eration of display means with absolute competitiveness and
good prospect for development. As shown in studies, com-
ponents such as the moisture and the oxygen in the air
greatly influence the life service of the OLED. Thus, when
the OLED is effectively packaged, the OLED can be suffi-
ciently isolated from the components such as the moisture
and the oxygen in the air. Therefore, the service life of the
OLED may be greatly prolonged so that the service life of
the display device including the OLED can be prolonged.
[0004] At the present, most of the OLED are packaged in
a thin film encapsulation (TFE). Regarding the TFE pack-
aging manner, a first inorganic thin film layer, a second
organic thin film layer and a third inorganic thin film layer
are sequentially deposited on the OLED to be packaged so
as to protect the OLED.

[0005] The second organic thin film layer generally is
formed in a manner of ink-jet printing. During the forming
process, organic materials are easily flown, which enables
the finally molded second organic thin film layer to have
uneven edges. Therefore, the first inorganic thin film layer
and the third inorganic thin film layer cannot contact each
other to be fused, which enables a poor TFE encapsulation
effect and a reduction of the yield of the OLED.

SUMMARY

[0006] An object of the present disclosure is to solve the
problem of uneven edges of the second organic thin film
layer in the TFE film forming method in related arts. In some
embodiments, the present disclosure provides a method of
packaging an OLED apparatus, an OLED packaging appa-
ratus and a display device. The technical solution goes as
follows:

[0007] In one aspect, the present disclosure provides a
method of packaging an OLED apparatus, which includes
steps:

[0008] forming a first inorganic thin film layer on an
OLED to be packaged;

[0009] forming a groove on a surface of the first inorganic
thin film layer;
[0010] forming a second organic thin film layer within the

groove;
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[0011] forming a third inorganic thin film layer covering
the first inorganic thin film layer and the second organic thin
film layer.

[0012] Optionally, forming the groove on the surface of
the first inorganic thin film layer includes etching the surface
of the first inorganic thin film layer by a dry etching so as to
form the groove.

[0013] Optionally, forming the first inorganic thin film
layer on the OLED to be packaged includes forming the first
inorganic thin film layer by a chemical vapor deposition or
an atomic layer deposition.

[0014] Optionally, a pattern of a mask plate used in the dry
etching is the same as a pattern of a mask plate used in the
chemical vapor deposition or in the atomic layer deposition.
A side length of the pattern of the mask plate used in the dry
etching is smaller than a side length of the pattern of the
mask plate used in the chemical vapor deposition or in the
atomic layer deposition by 0.01-0.5 mm.

[0015] Optionally, a depth of the groove ranges from 0.1
to 0.8 pum.
[0016] Optionally, a shape of a bottom surface of the

groove that is close to the OLED is the same as a shape of
a surface of the first inorganic thin film layer where the
groove is formed.

[0017] Optionally, a distance between the edge of the
groove and the edge of the first inorganic thin film layer
ranges from 5 to 250 pm.

[0018] Optionally, the OLED to be packaged includes a
substrate and an OLED light-emitting structure provided on
the substrate, and the first inorganic thin film layer covers the
OLED light-emitting structure, and is bonded to the sub-
strate.

[0019] Optionally, the second organic thin film layer gen-
erally is formed by an ink-jet printing.

[0020] Optionally, a thickness of the second organic thin
film layer is greater than a depth of the groove.

[0021] Optionally, a material of the first inorganic thin film
layer is the same as a material of the third inorganic thin film
layer.

[0022] 1In a further aspect, the present disclosure provides
an OLED packaging apparatus, which includes a first inor-
ganic thin film layer provided on the OLED, wherein a
groove is arranged at a surface of the first inorganic thin film
layer; a second organic thin film layer provided within the
groove; and a third inorganic thin film layer that covers the
first inorganic thin film layer and the second organic thin
film layer.

[0023] Optionally, the depth of the groove ranges from 0.1
to 0.8 um.

[0024] Optionally, a shape of a bottom surface of the
groove that is close to the OLED is the same as a shape of
a surface of the first inorganic thin film layer where the
groove is formed.

[0025] Optionally, the distance between the edge of the
groove and the edge of the first inorganic thin film layer
ranges from 5 to 250 pm.

[0026] Optionally, the thickness of the second organic thin
film layer is greater than the depth of the groove.

[0027] Optionally, the material of the first inorganic thin
film layer is the same as a material of the third inorganic thin
film layer.

[0028] In a still further aspect, the present disclosure
provides a display device, which includes the apparatus for
packaging an OLED and the OLED to be packaged men-
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tioned in the further aspect, wherein the OLED to be
packaged includes a substrate and an OLED light-emitting
structure provided on the substrate, and the first inorganic
thin film layer covers the OLED light-emitting structure and
is bonded to the substrate.

[0029] Optionally, a thickness of the second organic thin
film layer is greater than the depth of the groove.

[0030] Optionally, a projection of the second organic thin
film layer on the substrate is within a projection of the
groove on the substrate, and a surface of the first inorganic
thin film layer toward the third inorganic thin film layer
excepting a portion of the groove contacts the third inorganic
thin film layer so that the first inorganic thin film layer and
the third inorganic thin film layer are fused with each other.
[0031] The technical solution in some embodiments of the
present disclosure has the following beneficial effects:
[0032] a groove is formed on the first inorganic thin film
layer, and the second organic thin film layer is formed within
the groove. During the process of forming the second
organic thin film layer, the inorganic thin film at a periphery
of the groove functions as a barricade of the second organic
thin film layer, so that a flow of the organic material is
blocked by the barricade, thereby to guarantee a level edge
of the second layer of the organic thin film and guarantee the
encapsulation effect. In addition, with such a design, the first
inorganic thin film layer sufficiently contacts the third inor-
ganic thin film layer, thereby to guarantee the fusion of the
two layers of films and further guarantee the encapsulation
strength and effect.

DESCRIPTION OF THE DRAWINGS

[0033] In order to illustrate the technical solutions in
embodiments of the present disclosure in a clearer manner,
the drawings used in the embodiments will be described
hereinafter briefly.

[0034] Obviously, the following drawings merely relate to
some embodiments of the present disclosure, and based on
these drawings, a person skilled in the art may obtain the
other drawings without any creative effort.

[0035] FIG. 1 is a flow chart showing a method of pack-
aging an OLED apparatus in some embodiments of the
present disclosure;

[0036] FIG. 2 is a flow chart showing a method of pack-
aging an OLED apparatus in some embodiments of the
present disclosure;

[0037] FIG. 2A s a schematic view of an OLED apparatus
during an packaging process in some embodiments of the
present disclosure;

[0038] FIG. 2B is a schematic view of an OLED apparatus
during an packaging process in some embodiments of the
present disclosure;

[0039] FIG. 2C is a schematic view of an OLED apparatus
during an packaging process in some embodiments of the
present disclosure;

[0040] FIG. 2D is a schematic view of an OLED apparatus
during an packaging process in some embodiments of the
present disclosure;

[0041] FIG. 2E is a schematic view of an OLED apparatus
during an packaging process in some embodiments of the
present disclosure;

[0042] FIG. 3 is a schematic view of an OLED packaging
apparatus in some embodiments of the present disclosure.
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DETAILED DESCRIPTION

[0043] As required, detailed embodiments are disclosed
herein. However, it is to be understood that the disclosed
embodiments are merely exemplary and that various and
alternative forms may be employed. The figures are not
necessarily to scale. Some features may be exaggerated or
minimized to show details of particular components. There-
fore, specific structural and functional details disclosed
herein are not to be interpreted as limiting, but merely as a
representative basis for teaching one skilled in the art.
[0044] Inorder to make the objects, the technical solutions
and the advantages of the present disclosure more apparent,
the present disclosure will be described hereinafter in a clear
and complete manner in conjunction with the drawings.
[0045] FIG. 1 is a flow chart showing a method of pack-
aging an OLED apparatus in some embodiments of the
present disclosure. Referring to FIG. 1, this method includes
steps:

[0046] step S101: forming a first inorganic thin film layer
on an OLED to be packaged,;

[0047] step S102: forming a groove on a surface of the first
inorganic thin film layer;

[0048] step S103: forming a second organic thin film layer
within the groove;

[0049] step S104: forming a third inorganic thin film layer
covering the first inorganic thin film layer and the second
organic thin film layer.

[0050] In some embodiments of the present disclosure, a
groove is formed on the first inorganic thin film layer, and
the second organic thin film layer is formed within the
groove. During the process of forming the second organic
thin film layer, the inorganic thin film at a periphery of the
groove functions as a barricade of the second organic thin
film layer, so that a flow of the organic material is blocked
by the barricade, thereby to guarantee a level edge of the
second layer of the organic thin film and guarantee the
encapsulation effect. In addition, with such a design, the first
inorganic thin film layer sufficiently contacts the third inor-
ganic thin film layer, thereby to guarantee the fusion of the
two layers of films and further guarantee the encapsulation
strength and effect.

[0051] FIG. 2 is a flow chart showing a method of pack-
aging an OLED apparatus in some embodiments of the
present disclosure. Referring to FIG. 2, this method includes
steps:

[0052] step S201: forming a first inorganic thin film layer
on an OLED to be packaged by a chemical vapor deposition
or by an atomic layer deposition.

[0053] As shown in FIG. 2A, in some embodiments of the
present disclosure, an OLED 20 to be packaged includes a
substrate 20a and an OLED light-emitting structure 205
provided on the substrate 20a, and the first inorganic thin
film layer 21 covers the OLED light-emitting structure 205
and is bonded to the substrate 20a.

[0054] The substrate 20a includes but not limited to, a
base substrate and a thin film transistor (TFT) provided on
the base substrate, and the base substrate may be a glass
substrate. The OLED light-emitting structure 206 includes
but not limited to an anode layer, a cathode layer and an
organic functional layer.

[0055] The first inorganic thin film layer 21 includes, but
not limited to, a SiNx or SiON, a thin film thickness a (a
thickness present prior to a formation of the groove) of the
first inorganic thin film layer 21 on the OLED light-emitting
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structure 205 may range from 0.6 to 1.8 um, and a thickness
b of a sidewall of the first inorganic thin film layer 21, which
encloses the OLED light-emitting structure 205, ranges from
0.1 to 1 pum.

[0056] Step 5202: forming a groove on a surface of the
first inorganic thin film layer by a dry etching so as to form
a groove. The process of forming a groove by a dry etching
is easy.

[0057] In some embodiments of the present disclosure, a
pattern of a mask plate used in the dry etching is the same
as a pattern of a mask plate used in the chemical vapor
deposition or in the atomic layer deposition. A side length of
the pattern of the mask plate used in the dry etching is
smaller than a side length of the pattern of the mask plate
used in the chemical vapor deposition or in the atomic layer
deposition by 0.01-0.5 mm. Therefore, the mask plate hav-
ing a pattern whose size is smaller than the size of the mask
plate used when the first inorganic thin film is formed is used
to manufacture a groove so as to form the above groove on
the first inorganic thin film layer. The pattern of the above
mask plate refers to a shape of the pattern of the mask plate.
[0058] As shown in FIG. 2B, a groove 22 is formed on a
surface of the first inorganic thin film layer 21.

[0059] As shown in FIG. 2B, in some embodiments of the
present disclosure, a depth h of the groove 22 ranges from
0.1 to 0.8 um. Such a depth guarantees that the organic
materials do not overflow upon forming the second layer of
organic film and that the thickness of the first inorganic thin
film layer is not excessively thinned due to a large depth of
the groove. At this time, the thickness of the remaining film
of the first inorganic thin film layer 21 may range from 0.5
to 1 um.

[0060] FIG. 2C is a top view showing the first inorganic
thin film layer 21 after the groove 22 is formed. As shown
in FIG. 2C, in some embodiments of the present disclosure,
the shape of the groove 22 is the same as the shape of the
first inorganic thin film layer 21. For example, the groove 22
and the first inorganic thin film layer 21 are rectangle, as
shown in FIG. 2C.

[0061] As shown in FIGS. 2B and 2C, in some embodi-
ments of the present disclosure, a distance d between the
edge of the groove 22 and the edge of the first inorganic thin
film layer 21 may range from 5 to 250 pm. This distance
guarantees that the organic materials cannot overflow and
guarantees that the area of the second organic thin film does
not become too small.

[0062] Insome embodiments of the present disclosure, the
shape of the groove 22 may be different from the shape of
the first inorganic thin film layer 21. For example, the first
inorganic thin film layer 21 is a rectangle, and the groove 22
is an ellipse or a circle, which is not limited herein.
[0063] Step S203: forming a second organic thin film layer
within the groove.

[0064] Insome embodiments of the present disclosure, the
second organic thin film layer is formed by an ink-jet
printing.

[0065] As shown in FIG. 2D, the second organic thin film
layer 23 is formed in the groove 22, and the thickness of the
second organic thin film layer 23 is greater than the depth of
the groove 22.

[0066] The second organic thin film layer 23 includes, but
not limited to, a transparent organic monomer material film
layer without outgas (the organic monomer material cannot
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be volatilized to generate the gas), and the thickness of the
second organic thin film layer 23 may range from 4 to 15
pm.

[0067] Step S204: forming a third inorganic thin film layer
covering the first inorganic thin film layer and the second
organic thin film layer.

[0068] As shown in FIG. 2E, the third inorganic thin film
layer 24 is formed on the second organic thin film layer 23.
The material of the third inorganic thin film layer 24 is the
same as the material of the first inorganic thin film layer 21,
and it includes, but not limited to, the film layers such as
SiNx or SiON. The thickness of the third inorganic thin film
layer 24 may range from 0.5 to 1 pm, and a thickness of a
sidewall of the third inorganic thin film layer 24 enclosing
the second organic thin film layer 23 ranges from 3.9 to 14.2
pm. Specifically, the second organic thin film layer 23 is
provided in the groove 22, and its size is smaller than that
of the first inorganic thin film layer 21. Therefore, when the
third inorganic thin film layer 24 is formed, it not only
covers the second organic thin film layer 23, but can cover
a portion of the first inorganic thin film layer 21 at a
periphery of the groove 22, thereby to realize a contact
between the first inorganic thin film layer 21 and the third
inorganic thin film layer 24 and guarantee a fusion between
the first inorganic thin film layer 21 and the third inorganic
thin film layer 24.

[0069] In some embodiments of the present disclosure, a
groove is formed on the first inorganic thin film layer, and
the second organic thin film layer is formed within the
groove. During the process of forming the second organic
thin film layer, the inorganic thin film at a periphery of the
groove functions as a barricade of the second organic thin
film layer, so that a flow of the organic material is blocked
by the barricade, thereby to guarantee a level edge of the
second layer of the organic thin film and guarantee the
encapsulation effect. In addition, with such a design, the first
inorganic thin film layer sufficiently contacts the third inor-
ganic thin film layer, thereby to guarantee the fusion of the
two layers of films and further guarantee the encapsulation
strength and effect.

[0070] FIG. 3 is a schematic view of an OLED packaging
apparatus in some embodiments of the present disclosure.
As shown in FIG. 3, the OLED packaging apparatus
includes a first inorganic thin film layer 301 provided on the
OLED 300, wherein a groove 302 is arranged at a surface of
the first inorganic thin film layer 301; a second organic thin
film layer 303 provided within the groove 302; and a third
inorganic thin film layer 304 that covers the first inorganic
thin film layer 301 and the second organic thin film layer
303.

[0071] Insome embodiments of the present disclosure, the
depth of the groove 302 ranges from 0.1 to 0.8 um. Such a
depth guarantees that the organic materials do not overflow
upon forming the second layer of organic film and that the
thickness of the first inorganic thin film layer is not exces-
sively thinned due to a large depth of the groove.

[0072] In some embodiments of the present disclosure, a
shape of the groove 302 is the same as a shape of the first
inorganic thin film layer 301.

[0073] In some embodiments, the distance between the
edge of the groove 302 and the edge of the first inorganic
thin film layer 301 ranges from 5 to 250 pm. Such a distance
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guarantees that the organic materials do not overflow and
that the area of the second organic thin film layer does not
become too small.
[0074] In some embodiments of the present disclosure, the
OLED 300 includes a substrate 300a and the OLED light-
emitting structure 3005 provided on the substrate 3004, and
the first inorganic thin film layer 301 covers the OLED
light-emitting structure 3005 and is bonded to the substrate
300a. Of course, in some embodiments of the present
disclosure, the OLED 300 can also be of structures, which
is not limited herein.
[0075] In some embodiments of the present disclosure, a
groove is formed on the first inorganic thin film layer, and
the second organic thin film layer is formed within the
groove. During the process of forming the second organic
thin film layer, the inorganic thin film at a periphery of the
groove functions as a barricade of the second organic thin
film layer, so that a flow of the organic material is blocked
by the barricade, thereby to guarantee a level edge of the
second layer of the organic thin film and guarantee the
encapsulation effect. In addition, with such a design, the first
inorganic thin film layer sufficiently contacts the third inor-
ganic thin film layer, thereby to guarantee the fusion of the
two layers of films and further guarantee the encapsulation
strength and effect.
[0076] In some embodiments, the present disclosure fur-
ther provides a display device. The display device includes
the apparatus for packaging an OLED shown in FIG. 3.
[0077] In some embodiments of the present disclosure, a
groove is formed on the first inorganic thin film layer, and
the second organic thin film layer is formed within the
groove. During the process of forming the second organic
thin film layer, the inorganic thin film at a periphery of the
groove functions as a barricade of the second organic thin
film layer, so that a flow of the organic material is blocked
by the barricade, thereby to guarantee a level edge of the
second layer of the organic thin film and guarantee the
encapsulation effect. In addition, with such a design, the first
inorganic thin film layer sufficiently contacts the third inor-
ganic thin film layer, thereby to guarantee the fusion of the
two layers of films and further guarantee the encapsulation
strength and effect.
[0078] The above are merely the preferred embodiments
of the present disclosure, and are not used to limit the present
disclosure. A person skilled in the art may make further
modifications, equivalent substitutions and improvements
within the principle and the spirit of the present disclosure,
and these modifications, equivalent substitutions and
improvements shall also fall within the scope of the present
disclosure.
[0079] While exemplary embodiments are described
above, it is not intended that these embodiments describe all
possible forms of the invention. Rather, the words used in
the specification are words of description rather than limi-
tation, and it is understood that various changes may be
made without departing from the spirit and scope of the
invention. Additionally, the features of various implement-
ing embodiments may be combined to form further embodi-
ments of the invention.

What is claimed is:

1. A method of packaging an Organic Light-Emitting
Diode (OLED) apparatus, comprising steps:

forming a first inorganic thin film layer on an OLED to be

packaged,;
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forming a groove in a surface of the first inorganic thin
film layer;

forming a second organic thin film layer within the
groove; and

forming a third inorganic thin film layer covering the first
inorganic thin film layer and the second organic thin
film layer.

2. The method according to claim 1, wherein the step of
forming the groove in the surface of the first inorganic thin
film layer comprises:

etching the surface of the first inorganic thin film layer by
dry etching so as to form the groove.

3. The method according to claim 2, wherein the step of
forming the first inorganic thin film layer on the OLED to be
packaged comprises:

forming the first inorganic thin film layer by chemical
vapor deposition or atomic layer deposition.

4. The method according to claim 3, wherein a pattern of

a mask plate used in the dry etching is the same as a pattern
of a mask plate used in the chemical vapor deposition or in
the atomic layer deposition, and

a side length of the pattern of the mask plate used in the
dry etching is smaller than a side length of the pattern
of the mask plate used in the chemical vapor deposition
or in the atomic layer deposition by 0.01-0.5 mm.

5. The method according to claim 1, wherein a depth of

the groove ranges from 0.1 to 0.8 um.

6. The method according to claim 1, wherein a shape of
a bottom surface of the groove close to the OLED is the
same as a shape of the surface of the first inorganic thin film
layer where the groove is formed.

7. The method according to claim 6, wherein a distance
between an edge of the groove and an edge of the first
inorganic thin film layer ranges from 5 to 250 um.

8. The method according to claim 1, wherein the OLED
to be packaged comprises a substrate and an OLED light-
emitting structure provided on the substrate, and the first
inorganic thin film layer covers the OLED light-emitting
structure and is bonded to the substrate.

9. The method according to claim 1, wherein the second
organic thin film layer is formed by ink-jet printing.

10. The method according to ¢laim 1, wherein a thickness
of the second organic thin film layer is greater than a depth
of the groove.

11. The method according to claim 1, wherein a material
of the first inorganic thin film layer is the same as a material
of the third inorganic thin film layer.

12. An Organic Light-Emitting Diode (OLED) packaging
apparatus, comprising:

a first inorganic thin film layer provided on an OLED,
wherein a groove is arranged in a surface of the first
inorganic thin film layer;

a second organic thin film layer provided within the
groove; and

a third inorganic thin film layer that covers the first
inorganic thin film layer and the second organic thin
film layer.

13. The apparatus according to claim 12, wherein a depth

of the groove ranges from 0.1 to 0.8 um.

14. The apparatus according to claim 12, a shape of a
bottom surface of the groove close to the OLED is the same
as a shape of a surface of the first inorganic thin film layer
where the groove is formed.
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15. The apparatus according to claim 14, wherein a
distance between an edge of the groove and an edge of the
first inorganic thin film layer ranges from 5 to 250 um.

16. The apparatus according to claim 12, wherein a
thickness of the second organic thin film layer is greater than
a depth of the groove.

17. The apparatus according to claim 12, wherein a
material of the first inorganic thin film layer is the same as
a material of the third inorganic thin film layer.

18. A display device, comprising the packaging apparatus
according to claim 12 and an Organic Light-Emitting Diode
(OLED) to be packaged, wherein the OLED to be packaged
comprises a substrate and an OLED light-emitting structure
provided on the substrate, and the first inorganic thin film
layer covers the OLED light- emitting structure and is
bonded to the substrate.

19. The display device according to claim 18, wherein a
thickness of the second organic thin film layer is greater than
a depth of the groove.

20. The display device according to claim 18, wherein a
projection of the second organic thin film layer on the
substrate is within a projection of the groove on the sub-
strate, and a surface of the first inorganic thin film layer
facing the third inorganic thin film layer, except the groove,
contacts the third inorganic thin film layer, so that the first
inorganic thin film layer and the third inorganic thin film
layer are fused with each other.

I I T T
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