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(54) ORGANIC LIGHT-EMITTING DIODE DEVICE, MANUFACTURING METHOD, AND DISPLAY

APPARATUS

(57)  An organic light-emitting diode (OLED) display
device, a manufacturing method thereof and a display
device are disclosed. The OLED device includes: a first
substrate (1); an OLED (2) disposed on the first substrate
(1); at least one encapsulation layer (3, 4) disposed on
the OLED (2); a bonding layer (5) disposed on the atleast
one encapsulation layer (3, 4); and a second substrate

(6) disposed on the bonding layer (5). A concave-convex
structure is provided on at least one surface of the at
least one encapsulation layer (3, 4). The OLED display
device can reduce the damage of moisture and oxygen
on the OLED device and improve the moisture and oxy-
gen resistance of the OLED device.
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Description
TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate
to an organic light-emitting diode (OLED) display device,
a manufacturing method thereof and a display device.

BACKGROUND

[0002] The OLED display technology has become the
next generation of display technology with broad pros-
pect for development due to the advantages of light
weight, thin profile, wide viewing angle, autolumines-
cence, continuous and adjustable luminous color, low
cost, rapid response speed, low power consumption, low
driving voltage, wide operating temperature range, sim-
ple manufacturing technique, high luminous efficiency,
flexible display, etc.

[0003] Researches have indicated that components
such as moisture and oxygen in the air have large influ-
ence on the service life of OLED devices in OLED dis-
plays. The reasons include that: in the operating process
of an OLED device, electrons must be injected from a
cathode; the work function of the cathode is required to
be the lower the better; but the cathode is generally made
from a metallic material such as aluminum, magnesium
or calcium, has active chemical properties, and tends to
react with penetrated moisture and oxygen; in addition,
moisture and oxygen also tends to undergo chemical re-
action with a hole transport layer (HTL) and an electron
transport layer (ETL) of the OLED device, and the reac-
tions will result in the failure of the OLED device. There-
fore, if the OLED device is effectively encapsulated, so
that functional layers of the OLED device can be fully
isolated from the components such as moisture and ox-
ygen in the air, and hence the service life of the OLED
device can be greatly prolonged, and consequently the
service life of the OLED display can be prolonged.
[0004] Thetechnical problem tobe solvedistoimprove
the moisture and oxygen resistance of the OLED device.

SUMMARY

[0005] The objective ofthe embodiments ofthe present
disclosure includes providing an OELD device, a manu-
facturing method thereof and a display device, so as to
reduce the damage of moisture and oxygen in the air on
the OLED device and improve the moisture and oxygen
resistance of the OLED device.

[0006] Embodiments of the present disclosure provide
an OLED device, a manufacturing method thereof and a
display device. The OLED device comprises: a first sub-
strate, an OLED disposed on the first substrate, at least
one encapsulation layer disposed on the OLED, a bond-
ing layer disposed on the at least one encapsulation lay-
er, and a second substrate disposed on the bonding lay-
er, wherein a concave-convex structure is provided on
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at least one surface of the encapsulation layer.

[0007] Asthe concave-convex structure is provided on
the surface of the encapsulation layer, the concave-con-
vex structure on the surface of an inorganic layer will
increase the surface area of the inorganic layer and
hence improve the moisture and oxygen resistance; the
concave-convex structure on the surface of an organic
layer will increase the contact area between the organic
layer and the inorganic layer, improve the bonding effect,
and meanwhile improve the water resistance of the or-
ganic layer as the organic layer has water absorption.
Therefore, compared with the state of art, the proposal
can reduce the damage caused by moisture and oxygen
in the air on the OLED device and improve the moisture
and oxygen resistance of the OLED device.

[0008] In some embodiments, the OLED device com-
prises at least two encapsulation layers; and the at least
two encapsulation layers include an organic layer and an
inorganic layer which are alternately arranged.

[0009] The alternative design of the organic layer and
the inorganic layer fully utilizes the superior moisture and
oxygen resistance of the inorganic layer, and the organic
layer therein has water absorption and can have good
bonding effect between the OLED device and the inor-
ganic layer.

[0010] In some embodiments, the OLED device com-
prises two encapsulation layers; the two encapsulation
layers include an organic layer disposed on the OLED
and an inorganic layer disposed on the organic layer; a
concave-convex structure is provided on an upper sur-
face of the organic layer; concave-convex structures are
respectively provided on both an upper surface and a
lower surface of the inorganic layer; and the concave-
convex structure on the upper surface of the organic layer
is coupled with the concave-convex structure on the low-
er surface of the inorganic layer.

[0011] The design of one organic layer and one inor-
ganic layer can achieve good waterproof effect. The su-
perimposition of a plurality of layers can satisfy high wa-
terproof requirementinthe case of long-term use in harsh
and humid environment, but will result in transmittance
loss. As the organic layer does not require etching proc-
ess and hence there is no risk of damaging the OLED in
the forming process, the organic layer makes direct con-
tact with the OLED.

[0012] In some embodiments, the thickness of the or-
ganic layer is 1 - 2pum, and the thickness of the inorganic
layeris 0.1 -1 pm.

[0013] An overly thin inorganic layer may suffer from
the risk of being etched through in the process of etching
the concave-convex structure, and an overly thick inor-
ganic layer will waste materials. The thickness of the in-
organic layer must be adjusted according to product re-
quirements in specific product design processes.
[0014] In some embodiments, the organic layer in-
cludes a polyacrylate organic layer.

[0015] In some embodiments, the inorganic layer in-
cludes a silicon nitride inorganic layer or a silicon oxyni-
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tride inorganic layer.

[0016] In some embodiments, the bonding layer is a
thermosetting material bonding layer. In some embodi-
ments, the thermosetting material bonding layer includes
a thermosetting phenolic resin bonding layer or an ultra-
violet (UV) curing adhesive bonding layer.

[0017] Insome embodiments, the polyacrylate organic
layer is made from negative polyacrylate materials. Ther-
mosetting phenolic resin materials can be gradually hard-
ened and molded by chemical reaction after heating and
cannot be softened after secondary heating. UV curing
adhesive can absorb UV energy under UV irradiation and
generate active free radicals or cations, so that the bond-
ing layer can be finally cured after a series of chemical
reactions.

[0018] Insomeembodiments, the first substrate and/or
the second substrate are flexible substrates. Insome em-
bodiments, the flexible substrate includes a polybutylene
terephthalate (PBT) substrate or a polyethylene tereph-
thalate (PET) substrate.

[0019] The substrate may be a flexible substrate and
is applied to a flexible display device. The material of the
flexible substrate is not limited and, for instance, may
include at least one selected from the group consisting
of polyimide, polycarbonate, polyacrylate, polyetherim-
ide, polyether sulfone, PET or polyethylene naphthalate
(PEN). In addition, the substrate may also be a common
rigid substrate, e.g., a glass substrate and a resin sub-
strate.

[0020] In some embodiments, the concave-convex
structure includes a square sectional concave-convex
structure, a wavy sectional concave-convex structure or
a zigzag sectional concave-convex structure.

[0021] The concave-convex structure canincrease the
contact area between the encapsulation layers and be-
tween the encapsulation layer and the bonding layer, and
can improve the moisture and oxygen resistance and en-
hance the bonding effect.

[0022] The embodiment of the present disclosure fur-
ther provides a method for manufacturing an OLED de-
vice, which comprises: forming an OLED on a first sub-
strate; forming at least one encapsulation layer on the
OLED, in which a concave-convex structure is provided
on atleast one surface of the encapsulation layer; forming
a bonding layer on the at least one encapsulation layer;
and bonding the second substrate with the bonding layer.
[0023] Inthe technical proposal of the method embod-
iment, as the concave-convex structure is formed on the
surface of the encapsulation layer, the concave-convex
structure on the surface of an inorganic layer will increase
the surface area of the inorganiclayer and hence improve
the moisture and oxygen resistance; the concave-convex
structure on the surface of an organic layer will increase
the contact area between the organic layer and the inor-
ganic layer, improve the bonding effect, and meanwhile
improve the water resistance of the organic layer as the
organic layer has water absorption. Therefore, compared
with the state of art, the proposal can reduce the damage
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of moisture and oxygen in the air on the OLED device
and improve the moisture and oxygen resistance of the
OLED device.

[0024] In some embodiments, the step of forming the
at least one encapsulation layer on the OLED includes:
forming the concave-convex structure on an upper sur-
face of the encapsulation layer.

[0025] In some embodiments, the step of forming the
concave-convex structure on the upper surface of the
encapsulation layer specifically includes: forming an or-
ganic layer on the OLED; forming a concave-convex
structure on an upper surface of the organic layer by ex-
posure and development processes; forming an inorgan-
ic layer on a surface of the organic layer; and forming a
concave-convex structure on an upper surface of the in-
organic layer by etching process.

[0026] The alternative design of the organic layer and
the inorganic layer can fully utilize the superior moisture
and oxygen resistance of the inorganic layer, and the
organic layer therein has water absorption and can have
good bonding function between the OLED device and
the inorganic layer.

[0027] The embodiment of the present disclosure fur-
ther provides a display device, which comprises the
OLED device provided by any foregoing technical pro-
posal. As the moisture and oxygen resistance of the
OLED device is improved, the display device has good
product quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Inordertoclearlyillustrate the technical solution
of the embodiments of the disclosure, the drawings of
the embodiments will be briefly described in the following;
it is obvious that the described drawings are only related
to some embodiments of the disclosure and thus are not
limitative of the disclosure.

FIG. 1 is a schematic diagram of an OLED device
provided by an embodiment of the present disclo-
sure;

FIG. 2 is a flowchart of a method for manufacturing
an OLED device provided by an embodiment of the
present disclosure; and

FIG. 3 is a flowchart of a process for forming a con-
cave-convex structure of an encapsulation layer of
the OLED device provided by the embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0029] In order to make objects, technical details and
advantages of the embodiments of the disclosure appar-
ent, the technical solutions of the embodiments will be
described in a clearly and fully understandable way in
connection with the drawings related to the embodiments
of the disclosure. Apparently, the described embodi-
ments are just a part but not all of the embodiments of
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the disclosure. Based on the described embodiments
herein, those skilled in the art can obtain other embodi-
ment(s), without any inventive work, which should be
within the scope of the disclosure.

[0030] In order to improve the moisture and oxygen
resistance of an OLED device, embodiments of the
present disclosure provide an OLED device, a manufac-
turing method thereof and a display device. In the tech-
nical proposal of the embodiment of the present disclo-
sure, as a concave-convex structure is designed on the
surface of the encapsulation layer, the concave-convex
structure on a surface of an inorganic layer will increase
the surface area of the inorganiclayer and hence improve
the moisture and oxygen resistance; the concave-convex
structure on the surface of an organic layer will increase
the contact area between the organic layer and the inor-
ganic layer, improve the bonding effect, and also improve
the water resistance of the organic layer as the organic
layer has water absorption. Therefore, compared with
the related art, the proposal can reduce the damage of
moisture and oxygen in the air on the OLED device and
improve the moisture and oxygen resistance of the OLED
device.

[0031] Further detailed description will be given below
to the present disclosure with reference to the following
embodiments for more clear understanding of the objec-
tive, the technical proposals and the advantages of the
present disclosure.

[0032] As illustrated in FIG. 1, the embodiment of the
presentdisclosure provides an OLED device, which com-
prises: a first substrate 1, an OLED 2 disposed on the
first substrate 1, an encapsulation layer disposed on the
OLED 2, abondinglayer 5 disposed on the encapsulation
layer, and a second substrate 6 disposed on the bonding
layer 5; a concave-convex structure is formed on at least
one surface of the encapsulation layer.

[0033] Asillustratedin FIG. 1, in the technical proposal
of the embodiment of the present disclosure, the encap-
sulation layer includes an organic layer 3 and an inor-
ganic layer 4. But in actual application, the encapsulation
layer may include the organic layer only or the inorganic
layer only or may also include a plurality of layers formed
by the alternative design of the organic layers and the
inorganic layers. The alternative design of the organic
layers and the inorganic layers fully utilizes the superior
moisture and oxygen resistance of the inorganic layer,
and the organic layer therein has capability of water ab-
sorption and can have good bonding function between
the OLED device and the inorganic layer.

[0034] As illustrated in FIG. 1, the encapsulation layer
of the OLED device includes an organic layer 3 disposed
on the OLED and an inorganic layer 4 disposed on the
organic layer 3; a concave-convex structure is formed on
the upper surface of the organic layer 3; a concave-con-
vex structure is formed on both the upper surface and
the lower surface of the inorganic layer 4; and the con-
cave-convex structure on the upper surface of the organ-
ic layer is engaged or coupled with the concave-convex
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structure on the lower surface of the inorganic layer. As
the inorganic layer is directly formed on the organic layer,
the concave-convex structure engaged with the upper
surface of the organic layer will be formed on the lower
surface of the inorganic layer.

[0035] The design of one organic layer plus one inor-
ganic layer can achieve good waterproof effect. The
stack of a plurality of layers can satisfy high waterproof
requirement in the case of long-term use in harsh and
humid environment, but may bring about transmittance
loss. As the organic layer does not require etching proc-
ess and there is no risk of damaging the OLED in the
forming process, the organic layer makes direct contact
with the OLEDs.

[0036] In the technical proposal of the embodiment of
the present disclosure, the thickness of the organic layer
is 1 wm - 2 um, and the thickness of the inorganic layer
is 0.1 pm -1 pum.

[0037] An overly thin organic or inorganic layer may
suffer from the risk in the process of etching the concave-
convex structure that the layer is etched through, while
an overly thick organic or inorganic layer may bring about
waste of raw material. The thickness of the organic or
inorganic layer must be adjusted according to product
requirements in a specific product design processes.
[0038] In the technical proposal of the embodiment of
the present disclosure, the material of the organic layer
may be polyacrylate series. In one embodiment, the ma-
terial of the organic layer may be negative type polyacr-
ylate series.

[0039] In the technical proposal of the embodiment of
the present disclosure, the inorganic layer may be made
from silicon nitride or silicon oxynitride materials.
[0040] In the technical proposal of the embodiment of
the present disclosure, the bonding layer adopts a ther-
mosetting material bonding layer which includes a ther-
mosetting phenolic resin bonding layer or a UV curing
adhesive bonding layer.

[0041] Thermosetting phenolic resin materials can be
gradually hardened and molded by chemical reaction af-
ter heating and cannot be softened after secondary heat-
ing. UV curing adhesive can absorb UV energy under
UV irradiation and generate active free radicals or cati-
ons, so that the bonding layer can be finally cured after
a series of chemical reactions.

[0042] The first substrate and/or the second substrate
may be flexible substrates and are applied in a flexible
display device. The material of the flexible substrate is
not limited herein and, for instance, may include at least
one selected from the group consisting of polyimide, poly-
carbonate, polyacrylate, polyetherimide, polyether sul-
fone, PET or PEN. In the embodiment of the present dis-
closure, the material of the flexible substrate may adopt
a PBT substrate or a PET substrate. In addition, the first
substrate and the second substrate may also be a com-
mon rigid substrate, e.g., a glass substrate or a resin
substrate. The materials of the first substrate and the
second substrate are not limited. For instance, in some
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embodiments, the first substrate may be a flexible sub-
strate and the second substrate is a rigid substrate; or in
some embodiments, the first substrate is a rigid substrate
and the second substrate is a flexible substrate; or in
some embodiments, both the first substrate and the sec-
ond substrate are flexible substrates or rigid substrates.
[0043] As illustrated in FIG. 1, the concave-convex
structure formed on the encapsulation layer is a square
sectional concave-convex structure, but is not limited
thereto in practical conditions. The concave-convex
structure may also be a wavy sectional concave-convex
structure, or a zigzag sectional concave-convex struc-
ture, or a concave-convex structure of another shape.
The concave-convex structure can increase the contact
area between the encapsulation layers and between the
encapsulation layer and the bonding layer and can im-
prove the moisture and oxygen resistance and enhance
the bonding effect.

[0044] The embodiment further provides a method for
manufacturing an OLED device, which, as shown in FIG.
2, comprises the following steps:

S101: forming OLEDs on a first substrate;

S102: forming at least one encapsulation layer on
the OLEDs, in which a concave-convex structure is
formed on at least one surface of the encapsulation
layer;

S103: forming a bonding layer on the at least one
encapsulation layer; and

S104: bonding the second substrate with the bond-
ing layer.

[0045] In the technical proposal of the embodiment of
the present disclosure, the process of manufacturing the
OLED device as shown in FIG. 1 must include the fol-
lowing steps: firstly, forming the organic layer by coating
an organic film on the OLEDs, and forming the concave-
convex structure on the organic layer; secondly, depos-
iting one layer of inorganic substances on the surface of
the organic layer by plasma enhanced chemical vapor
deposition (PECVD), and forming the concave-convex
structure on the upper surface of the inorganic layer; and
finally, coating one layer of adhesive film (bonding layer)
on the inorganic layer and bonding the first substrate and
the second substrate after the curing of the adhesive film.
[0046] In some embodiments, the step of forming the
at least one encapsulation layer on the OLEDs includes:
forming a concave-convex structure on an upper surface
of the encapsulation layer.

[0047] In the technical proposal of the embodiment of
the present disclosure, the required concave-convex
structure is obtained after performing soft baking, expo-
sure and development processes on the OLED device
coated with the organic film. The process of forming the
concave-convex structure on the surface of the inorganic
layer mustinclude the following steps: firstly, coating pho-
toresist on the surface of the inorganic layer and perform-
ing exposure and development; and secondly, etching
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the inorganic layer not covered by the photoresist by a
dry etching process. Of course, the process of forming
the concave-convex structure may also adopt other pat-
terning processes such as a laser engraving process.
[0048] In some embodiments, the step of forming the
concave-convex structure on the upper surface of the
encapsulation layer specifically includes the following
steps (as shown in FIG. 3):

S105: forming an organic layer on the OLEDs;
S106: forming a concave-convex structure on an up-
per surface of the organic layer by exposure and
development processes;

S107: forming an inorganic layer on a surface of the
organic layer; and

S108: forming a concave-convex structure on an up-
per surface of the inorganiclayer by etching process.

[0049] In the technical proposal of the embodiment of
the present disclosure, as a concave-convex structure is
formed on the surface of the encapsulation layer, the
concave-convex structure on a surface of an inorganic
layer will increase the surface area of the inorganic layer
and hence improve the moisture and oxygen resistance;
the concave-convex structure formed on the surface of
an organic layer will increase the contact area between
the organic layer and the inorganic layer, improve the
bonding effect, and meanwhile improve the water resist-
ance of the organic layer as the organic layer has water
absorption. Therefore, compared with the state of art, the
proposal can reduce the damage caused by moisture
and oxygen in the air on the OLED device and improve
the moisture and oxygen resistance of the OLED device.
[0050] The embodiment of the present disclosure fur-
ther provides a display device, which comprises the
OLED device provided by any foregoing technical pro-
posal. As the moisture and oxygen resistance of the
OLED device is improved, the display device has good
product quality. The type of the display device is not lim-
ited. The display device may be a common flat panel
display device and may also be a flexible display device.
The specific type of the display device may be a display,
e-paper, a tablet PC, a TV, an intelligent display label,
an intelligent display card, etc.

[0051] What are described above is related to the il-
lustrative embodiments of the disclosure only and not
limitative to the scope of the disclosure; the scopes of
the disclosure are defined by the accompanying claims.
[0052] The application claims priority to the Chinese
patent application No. 201510516240.1, filed August 20,
2015, the entire disclosure of which is incorporated here-
in by reference as part of the present application.

Claims

1. Anorganic light-emitting diode (OLED) device, com-
prising:
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a first substrate;

an OLED disposed on the first substrate;
atleast one encapsulation layer disposed on the
OLED;

a bonding layer disposed on the at least one
encapsulation layer; and

asecond substrate disposed on the bonding lay-
er, wherein

a concave-convex structure is provided on at
least one surface of the at least one encapsula-
tion layer.

The OLED device according to claim 1, wherein the
OLED device comprises at least two encapsulation
layers; and the at least two encapsulation layers in-
clude an organic layer and an inorganic layer which
are alternately arranged.

The OLED device according to claim 1 or 2, wherein
the OLED device comprises two encapsulation lay-
ers; the two encapsulation layers include an organic
layer disposed on the OLED and an inorganic layer
disposed on the organic layer; a concave-convex
structure is provided on an upper surface of the or-
ganic layer; concave-convex structures are respec-
tively provided on both an upper surface and a lower
surface of the inorganic layer; and the concave-con-
vex structure on the upper surface of the organic
layer is coupled with the concave-convex structure
on the lower surface of the inorganic layer.

The OLED device according to any one of claims 1
to 3, wherein a thickness of the organic layer is 1 -
2 wm, and a thickness of the inorganic layer is 0.1 -
1 pm.

The OLED device according to any one of claims 2
to 4, wherein the organic layer includes a polyacr-
ylate organic layer.

The OLED device according to any one of claims 2
to 5, wherein the inorganic layer includes a silicon
nitride inorganiclayer or a silicon oxynitride inorganic
layer.

The OLED device according to any one of claims 1
to 6, wherein the bonding layer is a thermosetting
material bonding layer which includes a thermoset-
ting phenolic resin bonding layer or an ultraviolet
(UV) curing adhesive bonding layer.

The OLED device according to any one of claims 1
to 7, wherein the first substrate and/or the second
substrate is a flexible substrate which includes a
polybutylene terephthalate (PBT) substrate or a pol-
yethylene terephthalate (PET) substrate.

The OLED device according to any one of claims 1
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10.

1.

12.

13.

to 8, wherein the concave-convex structure includes
a square sectional concave-convex structure, a
wavy sectional concave-convex structure or a zigzag
sectional concave-convex structure.

A method for manufacturing an OLED device, com-
prising:

forming an OLED on a first substrate;

forming at least one encapsulation layer on the
OLED, in which a concave-convex structure is
provided on at least one surface of the encap-
sulation layer;

forming a bonding layer on the at least one en-
capsulation layer; and

bonding the second substrate with the bonding
layer.

The method for manufacturing the OLED device ac-
cording to claim 10, wherein forming the at least one
encapsulation layer on the OLED includes:

forming the concave-convex structure on an upper
surface of the encapsulation layer.

The method for manufacturing the OLED device ac-
cording to claim 11, wherein forming the concave-
convex structure on the upper surface of the encap-
sulation layer specifically includes:

forming an organic layer on the OLED;

forming a concave-convex structure on an upper
surface of the organic layer by exposure and
development processes;

forming an inorganic layer on a surface of the
organic layer; and

forming a concave-convex structure on an upper
surface of the inorganic layer by etching proc-
ess.

A display device, comprising the OLED device ac-
cording to any one of claims 1 to 9.
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FIG 1

/’i 5101

Forming an OLED on a first substrate.

; ' S102

Forming at least one encapsulation layer on the OLED, in
which a concave-convex structure is disposed on at least one
surface of the encapsulation layer.

T S103

Forming a bonding layer on the at least one encapsulation
layer,

//’" S104

Bonding the second substrate and the bonding layer.

FIG. 2
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S105

Forming an organic layer on the OLED.

- 4 S106
Forming a concave-convex structure on an upp{

surface of the organic layer by exposure and
development process

. P S107

Forming an inorganic layer on a surface of the
organic layer

‘ T S108

Forming a concave-convex structure on an upper
surface of the inorganic layer by etching process

FIG. 3
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