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ORGANIC LIGHT-EMITTING DIODE
DISPLAY DEVICE AND ITS
MANUFACTURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims a priority of the
Chinese patent application No. 201510176671.8 filed on
Apr. 14, 2015, which is incorporated herein by reference in
its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technology, in particular to an organic light-emitting diode
(OLED) display device and its manufacturing method.

BACKGROUND

[0003] As a self-luminous display device, an OLED dis-
play device is free of a backlight source, so it is thin and
light. In addition, it also has such advantages as low power
consumption, wide viewing angle and high response speed.
[0004] Inthe related art, the OLED display devices may be
classified into a top-emission display device and a bottom-
emitting display device, depending on its light emergent
directions, and these two kinds of display devices have
substantially the same layer structure. As an example, FIG.
1 shows a top-emission OLED display device, which
includes an organic light-emitting layer 1'. and such ele-
ments as an electron transport layer 2', a cathode layer 3' and
a cover plate 4' arranged sequentially on the organic light-
emitting layer 1'. In use, a light beam from the organic
light-emitting layer 1' is transmitted through the electron
transport layer 2', the cathode layer 3' and cover plate 4.
[0005] However, the inventor finds that, refractive indices
of the organic light-emitting layer 1', the electron transport
layer 2', the cathode layer 3' and the cover plate 4' decrease
successively, and they are each larger than a refractive index
of air. Hence, the light beams from the organic light-emitting
layer 1' are transmitted through the elements such as the
electron transport layer 2', total reflection may occur for a
portion of the light beams at an interface between any two
adjacent elements. As a result, the display brightness of the
OLED display device will be adversely reduced.

SUMMARY

[0006] An object of the present disclosure is to provide an
OLED display device and its manufacturing method, so as
to improve the display brightness of the OLED display
device.

[0007] In one aspect, the present disclosure provides in
some embodiments an OLED display device, including an
organic light-emitting layer and a plurality of elements
arranged one on another at a light-exiting side of the organic
light-emitting layer. At least one transparent light extraction
layer is arranged between the elements, and/or between the
organic light-emitting layer and the element adjacent to the
organic light-emitting layer, and/or at a light-exiting surface
of the element farthest away from the organic light-emitting
layer. A refractive index of the organic light-emitting layer
and/or a refractive index of the element adjacent to the light
extraction layer, and a refractive index of the light extraction
layer decrease successively in a light emergent direction,
and the refractive index of the light extraction layer is
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greater than a refractive index of air. At least one of a
light-exiting surface and a light-entering surface of each
light extraction layer is a rough surface, or the light extrac-
tion layers are arranged one on another and at least one of
the light-exiting surfaces and the light-entering surfaces of
the light extraction layers is a rough surface.

[0008] Alternatively, the rough surface is a corrugated
surface.
[0009] Alternatively, the light extraction layer is made of

a photocuring or thermosetting material.

[0010] Alternatively, the photocuring material is photo-
curing resin, and the thermosetting material is thermosetting
resin.

[0011] Alternatively, the photocuring material includes
polymer-dispersed liquid crystals.

[0012] Alternatively, the OLED display device is a top-
emission display device, and the elements include, in the
light emergent direction, an electron transport layer, an
electron injection layer, a cathode layer and a first substrate.
The light extraction layers are located between the electron
transport layer and the electron injection layer, between the
electron injection layer and the cathode layer, between the
cathode layer and the first substrate, between the organic
light-emitting layer and the electron transport layer, and/or
at a light-exiting surface of the first substrate.

[0013] Alternatively, the OLED display device is a bot-
tom-emission display device, and the elements include, in
the light emergent direction, a hole transport layer, a hole
injection layer, an anode layer and a second substrate. The
light extraction layers are arranged between the hole trans-
port layer and the hole injection layer, between the hole
injection layer and the anode layer, between the anode layer
and the second substrate, between the organic light-emitting
layer and the hole transport layer, and/or at a light-exiting
surface of the second substrate.

[0014] According to the OLED display device in the at
least one embodiment of the present disclosure, the light
extraction layers have an identical function at different
positions. For ease of description, the light extraction layer
arranged between the elements is taken as an example so as
to describe the function thereof. Depending on the refraction
law, in the case that a light beam enters a medium of a low
refractive index from a medium of a high refractive index,
a critical angle for the total reflection at an interface ther-
ebetween is in direct proportion to the refractive index of the
medium of the low refractive index. In the at least one
embodiment of the present disclosure, the refractive indices
of the light extraction layer and the two elements adjacent to
the light extraction layer decrease successively in the light
emergent direction, so the refractive index of the light
extraction layer is greater than the refractive index of the
element at a light-exiting side of the light extraction layer.
Thus, in the case that the light beam enters the light
extraction layer from the element at a light-entering side of
the light extraction layer, a critical angle for the total
reflection at an interface therebetween is greater than a
critical angle for the total reflection in the case that the light
beam directly enters the element at the light-entering side of
the light extraction layer. As compared with the related art
where the light beam directly enters the element at the
light-exiting side of the light extraction layer from the
element at the light-entering side of the light extraction
layer, in the at least one embodiment of the present disclo-
sure, the light beam from the element at the light-entering
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side of the light extraction layer enters the light extraction
layer and then the element at the light-exiting side of the
light extraction layer. In the case that the light beams enter
the light extraction layer from the element at the light-
entering side of the light extraction layer, the critical angle
for the total reflection increases at the interface therebe-
tween, so more light beams may enter the light extraction
layer from the element at the light-entering side of the light
extraction layer, and thereby more light beams may enter the
element at the light-exiting side of the light extraction layer.
As aresult, it is able to improve the display brightness of the
OLED display device.

[0015] In another aspect, the present disclosure provides
in some embodiments a method for manufacturing an OLED
display device, including steps of: forming an organic light-
emitting layer; forming a plurality of elements one on
another at a light-exiting side of the organic light-emitting
layer; and forming at least one transparent light extraction
layer between the elements, and/or between the organic
light-emitting layer and the element adjacent to the organic
light-emitting layer, and/or at a light-exiting surface of the
element farthest away from the organic light-emitting layer.
A refractive index of the organic light-emitting layer and/or
a refractive index of the element adjacent to the light
extraction layer, and a refractive index of the light extraction
layer decrease successively in a light emergent direction,
and the refractive index of the light extraction layer is
greater than a refractive index of air.

[0016] Alternatively, the step of forming the at least one
transparent light extraction layer includes: forming a trans-
parent light extraction layer, forming at least one of a
light-exiting surface and a light-entering surface of the light
extraction layer into a rough surface through a patterning
process, and repeating this step for N-1 times so as to form
N light extraction layers, N being a positive integer greater
than or equal to 1; or forming N transparent light extraction
layers, and forming at least one of the light-exiting surfaces
and the light-entering surfaces of one or more of the N
transparent light extraction layers into a rough surface
through a patterning process, N being a positive integer
greater than 1.

[0017] Alternatively, the step of forming the transparent
light extraction layer and forming at least one of the light-
exiting surface and the light-entering surface of the light
extraction layer into the rough surface through a patterning
process includes: coating a transparent thermosetting mate-
rial, curing the transparent thermosetting material into the
transparent light extraction layer, and impressing at least one
of the light-exiting surface and the light-entering surface of
the light extraction layer into the rough surface; or coating
a transparent photocuring material, curing the transparent
photocuring material into the transparent light extraction
layer, and forming at least one of the light-exiting surface
and the light-entering surface of the light extraction layer
into the rough surface through exposing and developing
processes.

[0018] Alternatively, the step of forming the N transparent
light extraction layers and forming at least one of the
light-exiting surfaces and the light-entering surfaces of one
or more of the N transparent light extraction layers into the
rough surface through a patterning process includes: coating
a transparent thermosetting material, curing the transparent
thermosetting material into the transparent light extraction
layer, repeating the coating and curing procedures for N-1
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times to form the N transparent light extraction layers, and
impressing at least one of the light-exiting surfaces and the
light-entering surfaces of one or more of the N transparent
light extraction layers into the rough surface; or coating a
transparent photocuring material, curing the transparent
photocuring material into the transparent light extraction
layer, repeating the coating and curing procedures for N-1
times to form the N transparent light extraction layers, and
forming at least one of the light-exiting surfaces and the
light-entering surfaces of one or more of the N transparent
light extraction layers into the rough surface through expos-
ing and developing processes.

[0019] Alternatively, during the exposing process, textures
on the rough surface are controlled in accordance with an
emergent direction of the light beam from a light source, and
the emergent direction of the light beam from the light
source is controlled in accordance with a structure and a
position of a mask plate, or a light path of the light source.
[0020] According to the method for manufacturing the
OLED display device in the at least one embodiment of the
present disclosure, the light extraction layers have an iden-
tical function at different positions. For ease of description,
the light extraction layer arranged between the elements is
taken as an example so as to describe the function thereof.
Depending on the refraction law, in the case that a light beam
enters a medium of a low refractive index from a medium of
a high refractive index, a critical angle for the total reflection
at an interface therebetween is in direct proportion to the
refractive index of the medium of the low refractive index.
In the at least one embodiment of the present disclosure, the
refractive indices of the light extraction layer and the two
elements adjacent to the light extraction layer decrease
successively in the light emergent direction, so the refractive
index of the light extraction layer is greater than the refrac-
tive index of the element at a light-exiting side of the light
extraction layer. Thus, in the case that the light beam enters
the light extraction layer from the element at a light-entering
side of the light extraction layer, a critical angle for the total
reflection at an interface therebetween is greater than a
critical angle for the total reflection in the case that the light
beam directly enters the element at the light-exiting side of
the light extraction layer. As compared with the related art
where the light beam directly enters the element at the
light-exiting side of the light extraction layer from the
element at the light-entering side of the light extraction
layer, in the at least one embodiment of the present disclo-
sure, the light beam from the element at the light-entering
side of the light extraction layer enters the light extraction
layer and then the element at the light-exiting side of the
light extraction layer. In the case that the light beams enter
the light extraction layer from the element at the light-
entering side of the light extraction layer, the critical angle
for the total reflection increases at the interface therebe-
tween, so more light beams may enter the light extraction
layer from the element at the light-entering side of the light
extraction layer, and thereby more light beams may enter the
element at the light-exiting side of the light extraction layer.
As a result, it is able to improve the display brightness of the
OLED display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In order to illustrate the techmical solutions of the
present disclosure or the related art in a clearer manner, the
drawings desired for the present disclosure or the related art
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will be described hereinafter briefly. Obviously, the follow-
ing 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.

[0022] FIG. 1 is a schematic view showing an OLED
display device in the related art;

[0023] FIG. 2 is a schematic view showing an OLED
display device according to at least one embodiment of the
present disclosure;

[0024] FIG. 3 is an enlarged view of a region A in FIG. 2;
[0025] FIG. 4 is an enlarged view of a region B in FIG. 2;
[0026] FIG. 5 is a schematic view showing a top-emission

display device according to at least one embodiment of the
present disclosure;

[0027] FIG. 6 is a schematic view showing a bottom-
emission display device according to at least one embodi-
ment of the present disclosure; and

[0028] FIG. 7 is a flow chart of a method for manufac-
turing the OLED display device according to at least one
embodiment of the present disclosure.

REFERENCE SIGN LIST

[0029] 1 organic light-emitting layer
[0030] 2 light extraction layer
[0031] 21 first element
[0032] second element
[0033] 3 electron transport layer
[0034] 4 electron injection layer
[0035] 5 cathode layer
[0036] 6 first substrate
[0037] 7 hole transport layer
[0038] 8 hole injection layer
[0039] 9 anode layer
[0040] 10 second substrate
DETAILED DESCRIPTION OF THE
EMBODIMENTS
[0041] 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 and
embodiments. Obviously, the following embodiments
merely relate to a part of, rather than all of, the at least one
embodiment of the present disclosure, and based on these
embodiments, a person skilled in the art may, without any
creative effort, obtain the other embodiments, which also fall
within the scope of the present disclosure.

[0042] The present disclosure provides in at least one
embodiment an OLED display device which, as shown in
FIG. 2, includes an organic light-emitting layer 1 and a
plurality of elements arranged one on another at a light-
exiting side of the organic light-emitting layer 1. At least one
transparent light extraction layer 2 is arranged between the
elements, and/or between the organic light-emitting layer 1
and the element adjacent to the organic light-emitting layer
1, and/or at a light-exiting surface of the element farthest
away from the organic light-emitting layer 1. A refractive
index of the organic light-emitting layer 1 and/or a refractive
index of the element adjacent to the light extraction layer 2,
and a refractive index of the light extraction layer 2 decrease
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suiccessively in a light emergent direction, and the refractive
index of the light extraction layer 2 is greater than a
refractive index of air.

[0043] Tt should be appreciated that, in the at least one
embodiment of the present disclosure, the light extraction
layers 2 may be arranged in one of the following modes or
a combination thereof. The at least one transparent light
extraction layer 2 is arranged between the elements, the at
least one transparent light extraction layer 2 is arranged
between the organic light-emitting layer 1 and the element
adjacent to the organic light-emitting layer 1, and the at least
one transparent light extraction layer 2 is arranged at the
light-exiting surface of the element farthest away from the
organic light-emitting layer 1.

[0044] It should be further appreciated that, in the case that
the refractive index of the organic light-emitting layer 1
and/or the refractive index of the element adjacent to the
light extraction layer 2, and the refractive index of the light
extraction layer 2 decrease successively in the light emer-
gent direction, there exist the following situations. The
refractive indices of the organic light-emitting layer 1, the
element adjacent to the light extraction layer 2 and the light
extraction layer 2 may decrease successively in the light
emergent direction, or the refractive indices of the organic
light-emitting layer 1 and the light extraction layer 2
decrease successively in the light emergent direction, or the
refractive indices of the element adjacent to the light extrac-
tion layer 2 and the light extraction layer 2 decrease suc-
cessively in the light emergent direction. One of these
situations may be selected based on the arrangement of the
light extraction layer 2. For example, in the case that the at
least one transparent light extraction layer 2 is arranged at
the light-exiting surface of the element farthest away from
the organic light-emitting layer 1, the refractive indices of
the element farthest away from the organic light-emitting
layer 1 and the light extraction layer 2 decrease in the light
emergent direction, i.e., the refractive indices of the element
adjacent to the light extraction layer 2 and the light extrac-
tion layer 2 decrease successively in the light emergent
direction. For another example, in the case that the at least
one transparent light extraction layer 2 is arranged between
the organic light-emitting layer 1 and the element adjacent
to the organic light-emitting layer 1, the refractive indices of
the organic light-emitting layer 1, the element adjacent to the
light extraction layer 2 and the light extraction layer 2
decrease successively in the light emergent direction.
[0045] The light extraction layers 2 have an identical
function in the above arrangement modes, and the function
thereof will be described hereinafter by taking the at least
one light extraction layer 2 between the elements as an
example. For example, the light extraction layer 2 is
arranged between the elements. Depending on the refraction
law, in the case that a light beam enters a medium of a low
refractive index from a medium of a high refractive index,
a critical angle for the total reflection at an interface ther-
ebetween is in direct proportion to the refractive index of the
medium of the low refractive index. In the at least one at
least one embodiment of the present disclosure, the refrac-
tive indices of the element adjacent to the light extraction
layer 2 and the light extraction layer 2 decrease in the light
emergent direction. For example, as shown in FIG. 3, the
refractive index of the light extraction layer 2 is n2, a
refractive index of a first element 21 at the light-entering
side of the light extraction layer 2 is nl, a refractive index
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of a second element 22 at the light-exiting side of the light
extraction layer 2 is n3, and n1>n2>n3. Because the refrac-
tive index n2 of'the light extraction layer 2 is greater than the
refractive index n3 of the second element 22, in the case that
the light beam enters the light extraction layer 2 from the
first element 21, a critical angle for the total reflection at an
interface therebetween is greater than a critical angle for the
total reflection in the case that the light beam directly enters
the second element 22. As compared with the related art
where the light beam directly enters the second element 22
from the first element 21, in the at least one embodiment of
the present disclosure, the light beam from the first element
21 enters the light extraction layer 2 and then the second
element 22. The critical angle for the total reflection at the
interface from the first element 21 to the light extraction
layer 2 is relatively large, so more light beams may enter the
light extraction layer 2 from the first element 21, and thereby
more light beams may enter the second element 22. As a
result, it is able to improve the display brightness of the
OLED display device. In the case that the plurality of light
extraction layers 2 are arranged among the elements, the
function thereof may refer to the above description.

[0046] In the at least one embodiment of the present
disclosure, at least one of a light-exiting surface and a
light-entering surface of each light extraction layer 2 is a
rough surface. For example, as shown in FIG. 3, the light-
exiting surface of the light extraction layer is a corrugated
surface. In the case that the light beams are transmitted at the
corrugated surface, there exist at least the following two
situations. In a first situation, taking a light beam E as an
example, in the case that it arrives at the corrugated surface,
its incident angle is less than a critical angle for the total
reflection, so it may be transmitted through the corrugated
surface and enter the light extraction layer 2. In a second
situation, taking a light beam F as an example, in the case
that it arrives at the corrugated surface for the first time, its
incident angle is greater than a critical angle for the total
reflection, so it may be reflected to the light extraction layer
2, and then reflected by an interface between the light
extraction layer 2 and the first element 21 at the light-
entering side of the light extraction layer 2 toward the
corrugated surface again. Due to the effect of the corrugated
surface, the light beam F arrives at the corrugated surface in
a direction different from a previous direction, and the
current incident angle of the light beam F is smaller than the
critical angle for the total reflection. At this time, the light
beam F may be transmitted through the corrugated surface.
As a result, it is able to improve the light transmission,
thereby to further improve the display brightness of the
display device.

[0047] In addition, in the at least one embodiment of the
present disclosure, the light extraction layers 2 may be
arranged one on another, and at least one of the light-exiting
surfaces and the light-entering surfaces of the light extrac-
tion layers 2 is a rough surface. In other words, in the case
that there are a plurality of light extraction layers 2 arranged
one on another, the light-exiting surface and/or the light-
entering surface of one of the light extraction layer 2 are
rough surfaces, or the light-exiting surfaces and/or the
light-entering surfaces of two or more the light extraction
layers 2 are rough surfaces. For example, as shown in FIG.
4, two light extraction layers 2 are arranged one on another,
and the light-exiting surface of the upper light extraction
layer 2 is a corrugated surface. The transmission of the light
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beams at the corrugated surface may refer to the above
descriptions. In addition, after the light beam is transmitted
through the rough surface, even diffuse transmission may
oceur, so it is able to provide the OLED display device with
the same display brightness at different viewing angles.
[0048] Alternatively, a plurality of light extraction layers
2 are arranged one on another, the light-exiting surfaces
and/or the light-entering surfaces of the light extraction
layers 2 are rough surfaces. As compared with the situation
where the light-exiting surface and/or the light-entering
surface of one of the light extraction layers 2 arranged one
on another, \are rough surfaces, it is able to improve the light
transmission at each of the corrugated surfaces, thereby to
further improve the display brightness of the display device.
[0049] For example, the light extraction layer 2 may be
made of a photocuring material or a thermosetting material.
The photocuring material may be photocuring resin and the
thermosetting material may be thermosetting resin. The
photocuring resin may include polymer-dispersed liquid
crystals.

[0050] Alternatively, in the above embodiment, as shown
in FIG. 5, the OLED display device is a top-emission OLED
display device, and the elements include, in the light emer-
gent direction, an electron transport layer 3, an electron
injection layer 4, a cathode layer 5 and a first substrate 6. For
example, the first substrate 6 is a cover plate. The light
extraction layers 2 are located between the electron transport
layer 3 and the electron injection layer 4, between the
electron injection layer 4 and the cathode layer 5, between
the cathode layer 5 and the first substrate 6, between the
organic light-emitting layer 1 and the electron transport
layer 3, and/or at a light-exiting surface of the first substrate
6.

[0051] It should be appreciated that, in the at least one at
least one embodiment of the present disclosure, the light
extraction layers 2 may be arranged at one or more of a
position between the electron transport layer 3 and the
electron injection layer 4, a position between the electron
injection layer 4 and the cathode layer 5, a position between
the cathode layer 5 and the first substrate 6, a position
between the organic light-emitting layer 1 and the electron
transport layer 3, and a position at the light-exiting surface
of the first substrate 6.

[0052] The light extraction layers 2 have an identical
function at the above positions, and the function thereof will
be described hereinafter by taking the light extraction layer
2 between the cathode layer 5 and the first substrate 6 as an
example.

[0053] As shown in FIG. 5, the transparent light extraction
layer 2 is arranged between the cathode layer 5 and the first
substrate 6, and refractive indices of the cathode layer 5, the
light extraction layer 2 and the first substrate 6 decrease
successively, i.e., the refractive index of the light extraction
layer 2 is greater than that of the first substrate 6. Depending
on the refraction law, in the case that a light beam enters a
medium of a low refractive index from a medium of a high
refractive index, a critical angle for the total reflection at an
interface therebetween is in direct proportion to the refrac-
tive index of the medium of the low refractive index. Thus,
in the case that the light beam enters the light extraction
layer 2 from the cathode layer 5, a critical angle for the total
reflection at an interface therebetween is greater than a
critical angle for the total reflection in the case that the light
beam directly enters the first substrate 6. As compared with
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the related art where the light beam directly enters the first
substrate 6 from the cathode layer 5, in the at least one at
least one embodiment of the present disclosure, the light
beam from the cathode layer 5 enters the light extraction
layer 2 and then the first substrate 6. The critical angle for
the total reflection at the interface from the cathode layer 5
to the light extraction layer 2 is relatively large, so more light
beams may enter the light extraction layer 2 from the
cathode layer 5, and thereby more light beams may enter the
first substrate 6. As a result, it is able to improve the display
brightness of the OLED display device.

[0054] Alternatively, in the above embodiment, as shown
in FIG. 6, the OLED display device is a bottom-emission
display device, and the elements include, in the light emer-
gent direction, a hole transport layer 7, a hole injection layer
8, an anode layer 9 and a second substrate 10. For example,
the second substrate 10 is an array substrate. The light
extraction layers 2 are arranged between the hole transport
layer 7 and the hole injection layer 8, between the hole
injection layer 8 and the anode layer 9, between the anode
layer 9 and the second substrate 10, between the organic
light-emitting layer 1 and the hole transport layer 7, and/or
at a light-exiting surface of the second substrate 10.

[0055] It should be appreciated that, in the at least one
embodiment of the present disclosure, the light extraction
layers 2 may be arranged at one or more of a position
between the hole transport layer 7 and the hole injection
layer 8, a position between the hole injection layer 8 and the
anode layer 9, a position between the anode layer 9 and the
second substrate 10, a position between the organic light-
emitting layer 1 and the hole transport layer 7, and a position
at a light-exiting surface of the second substrate 10.

[0056] The light extraction layers 2 have an identical
function at the above positions, and the function thereof will
be described hereinafter by taking the light extraction layer
2 between the anode layer 9 and the second substrate 10 as
an example. As shown in FIG. 6, the transparent light
extraction layer 2 is arranged between the anode layer 9 and
the second substrate 10, and refractive indices of the anode
layer 9, the light extraction layer 2 and the second substrate
10 decrease successively, so that the refractive index of the
light extraction layer 2 is greater than that of the second
substrate 10. Depending on the refraction law, in the case
that a light beam enters a medium of a low refractive index
from a medium of a high refractive index, a critical angle for
the total reflection at an interface therebetween is in direct
proportion to the refractive index of the medium of the low
refractive index. Thus, in the case that the light beam enters
the light extraction layer 2 from the anode layer 9, a critical
angle for the total reflection at an interface therebetween is
greater than a critical angle for the total reflection in the case
that the light beam directly enters the second substrate 10.
As compared with the related art where the light beam
directly enters the second substrate 10 from the anode layer
9, in the at least one at least one embodiment of the present
disclosure, the light beam from the anode layer 9 enters the
light extraction layer 2 and then the second substrate 10. The
critical angle for the total reflection at the interface from the
anode layer 9 to the light extraction layer 2 is relatively
large, so more light beams may enter the light extraction
layer 2 from the anode layer 9, and thereby more light beams
may enter the second substrate 10. As a result, it is able to
improve the display brightness of the OLED display device.
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[0057] 1In the at least one embodiment of the present
disclosure, the OLED display device further includes a
sealant (not shown) for adhering the first substrate 6 to the
second substrate 10, so as to prevent such substances as
vapor and oxygen from entering the OLED display device,
thereby to prolong a service life thereof. In addition, the
OLED display device may be any product or member having
a display function, e.g., an electronic paper, a mobile phone,
a flat-panel computer, a television, a display, a laptop
computer or a navigator.

[0058] The present disclosure further provides in at least
one embodiment a method for manufacturing an OLED
display device which, as shown in FIG. 7, includes the
following steps.

[0059] Step 701: forming an organic light-emitting layer.
For example, the organic light-emitting layer includes a red
light-emitting region, a green light-emitting region and a
blue light-emitting region. At first, the green light-emitting
region and the blue light-emitting region may be shielded by
a mask plate, so as to form a red light-emitting layer at the
red light-emitting region by evaporation. Next, the red
light-emitting layer and the blue light-emitting region may
be shielded by the mask plate, so as to form a green
light-emitting layer at the green light-emitting region by
evaporation. Then, the red light-emitting layer and the green
light-emitting layer may be shielded by the mask plate, so as
to form the blue light-emitting layer at the blue light-
emitting region by evaporation. Through the above steps, it
is able to form the organic light-emitting layer.

[0060] Step 702: forming a plurality of elements arranged
one on another at a light-exiting side of the organic light-
emitting layer. For example, the elements may be formed at
the light-exiting side of the organic light-emitting layer by
evaporation, vapor deposition or ink-jetting.

[0061] Step 703: forming at least one transparent light
extraction layer between the elements, and/or between the
organic light-emitting layer and the element adjacent to the
organic light-emitting layer, and/or at a light-exiting surface
of the element farthest away from the organic light-emitting
layer. A refractive index of the organic light-emitting layer
and/or a refractive index of the element adjacent to the light
extraction layer, and a refractive index of the light extraction
layer decrease successively in a light emergent direction,
and the refractive index of the light extraction layer is
greater than a refractive index of air.

[0062] According to the method for manufacturing the
OLED display device in the at least one embodiment of the
present disclosure, the light extraction layers have an iden-
tical function at different positions. For ease of description,
the light extraction layer arranged between the elements is
taken as an example to describe the function thereof.
Depending on the refraction law, in the case that a light beam
enters a medium of a low refractive index from a medium of
a high refractive index, a critical angle for the total reflection
at an interface therebetween is in direct proportion to the
refractive index of the medium of the low refractive index.
In the at least one embodiment of the present disclosure, the
refractive indices of the light extraction layer and the two
elements adjacent to the light extraction layer decrease
suiccessively in the light emergent direction, so the refractive
index of the light extraction layer is greater than the refrac-
tive index of the element at a light-exiting side of the light
extraction layer. In the case that the light beam enters the
light extraction layer from the element at a light-entering
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side of the light extraction layer, a critical angle for the total
reflection at an interface therebetween is greater than a
critical angle for the total reflection in the case that the light
beam directly enters the element at the light-exiting side of
the light extraction layer. As compared with the related art
where the light beam directly enters the element at the
light-exiting side of the light extraction layer from the
element at the light-entering side of the light extraction
layer, in the at least one embodiment of the present disclo-
sure, the light beam from the element at the light-entering
side of the light extraction layer enters the light extraction
layer and then the element at the light-exiting side of the
light extraction layer. In the case that the light beams enter
the light extraction layer from the element at the light-
entering side of the light extraction layer, the critical angle
for the total reflection increases at the interface therebe-
tween, so more light beams may enter the light extraction
layer from the element at the light-entering side of the light
extraction layer, and thereby more light beams may enter the
element at the light-exiting side of the light extraction layer.
As aresult, it is able to improve the display brightness of the
OLED display device.

[0063] It should be appreciated that, Steps 701, 702 and
703 may be performed in an order on the basis of a type of
the OLED display device. For example, in the case that the
OLED display device is a top-emission display device, Step
701 may be performed prior to Step 702, and Step 703 may
be performed in one or more of the following ways: subse-
quent to Step 701 and prior to Step 702, during Step 702, and
subsequent to Step 702. For another example, in the case that
the OLED display device is a bottom-emission OLED
display device, Step 701 may be performed subsequent to
Step 702, and Step 703 may be performed in one or more of
the following ways: prior to Step 702, during Step 702, and
subsequent to Step 702 and prior to Step 701.

[0064] For example, in Step 703, the step of forming the
at least one transparent light extraction layer may include:
forming the transparent light extraction layer with at least
one of a light-exiting surface and a light-entering surface of
the light extraction layer being a rough surface through a
patterning process, and repeating this step for N-1 times so
as to form N light extraction layers, wherein N being a
positive integer greater than or equal to 1. For example, the
step of forming two transparent light extraction layers
includes forming a transparent light extraction layer with at
least one of the light-exiting surface and the light-entering
surface of the light extraction layer being a rough surface
through a patterning process, and repeating this step again,
so as to form the two transparent light extraction layers.

[0065] In the at least one embodiment of the present
disclosure, in Step 703, the step of forming the at least one
transparent light extraction layer may further include: form-
ing N transparent light extraction layers with at least one of
the light-exiting surfaces and the light-entering surfaces of
one or more of the N transparent light extraction layers being
a rough surface through a patterning process, wherein N
being a positive integer greater than 1. For example, the step
of forming two transparent light extraction layers includes:
forming two transparent light extraction layers with the
light-exiting surface of the transparent light extraction layer
at the light-exiting side being a rough surface through a
patterning process, or forming two transparent light extrac-
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tion layers with the light-entering surfaces of the two
transparent light extraction layers being rough surfaces
through a patterning process.

[0066] In the at least one embodiment of the present
disclosure, the step of forming the transparent light extrac-
tion layer with at least one of a light-exiting surface and a
light-entering surface of the light extraction layer being a
rough surface through a patterning process may include
forming a transparent thermosetting material layer, curing
the transparent thermosetting material layer into the trans-
parent light extraction layer, and causing at least one of the
light-exiting surface and the light-entering surface of the
light extraction layer to be the rough surface by an imprint-
ing process. For example, a transparent thermosetting resin
layer may be formed by an ink-jetting process, and then
heated and cured to form the transparent light extraction
layer, and then at least one of the light-exiting surface and
the light-entering surface of the light extraction layer may is
caused to be the rough surface by the imprinting process.
[0067] In the at least one embodiment of the present
disclosure, the step of forming the transparent light extrac-
tion layer with at least one of a light-exiting surface and a
light-entering surface of the light extraction layer being a
rough surface through a patterning process may further
include: forming a transparent photocuring material layer,
curing the transparent photocuring material layer into the
transparent light extraction layer, and causing at least one of
the light-exiting surface and the light-entering surface of the
light extraction layer to be the rough surface through expos-
ing and developing processes. For example, the transparent
photocuring resin layer may be formed by a process such as
printing or spin-coating, and then pre-heated and hardened
through pre-heating and post-heating processes, and then
exposed and developed so as to cause at least one of the
light-exiting surface and the light-entering surface of the
light extraction layer to be the rough surface. During the
exposing process, during the exposing process, textures on
the rough surface are determined by controlling an emergent
direction of the light beam from a light source, and the
emergent direction of the light beam from the light source is
controlled in accordance with a structure and a position of a
mask plate, or a light path of the light source.

[0068] In the at least one embodiment of the present
disclosure, the step of forming N transparent light extraction
layers with at least one of the light-exiting surfaces and the
light-entering surfaces of one or more of the N transparent
light extraction layers being a rough surface through a
patterning process may include: forming a transparent ther-
mosetting material layer, curing the transparent thermoset-
ting material layer into the transparent light extraction layer,
and repeating the above forming and curing steps for N-1
times to form the N transparent light extraction layers,
wherein during a process of forming the N transparent light
extraction layers, at least one of the light-exiting surfaces
and the light-entering surfaces of one or more of the N
transparent light extraction layers is caused to be the rough
surface by an imprinting process.

[0069] In the at least one embodiment of the present
disclosure, the step of forming N transparent light extraction
layers with at least one of the light-exiting surfaces and the
light-entering surfaces of one or more of the N transparent
light extraction layers being a rough surface through a
patterning process may further include: forming a transpar-
ent photocuring material layer, curing the transparent pho-
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tocuring material layer into the transparent light extraction
layer, and repeating the above forming and curing steps for
N-1 times to form the N transparent light extraction layers,
wherein during a process of forming the N transparent light
extraction layers, at least one of the light-exiting surfaces
and the light-entering surfaces of one or more of the N
transparent light extraction layers is caused to be the rough
surface through exposing and developing processes.

[0070] It should be appreciated that, the light extraction
layer is formed at a non-packaging region of the OLED
display device, and the sealant is provided at a packaging
region of the OLED display device. Hence, the method
further includes forming the sealant. For example, glass frit
may be printed onto the first substrate, and then sintered and
consolidated with the first substrate, so as to form the
sealant.

[0071] The above embodiments are described in a pro-
gressive manner, and the identical or similar contents in the
embodiments are not repeated, ie., each embodiment
focuses on the difference from the others. Especially, the
relevant contents in the embodiments involving the method
may refer to those in the embodiments involving the prod-
uct.

[0072] The above are merely the preferred embodiments
of the present disclosure. A person skilled in the art may
make further modifications and improvements without
departing from the principle of the present disclosure, and
these modifications and improvements shall also fall within
the scope of the present disclosure.

What is claimed is:

1. An organic light-emitting diode (OLED) display
device, comprising an organic light-emitting layer and a
plurality of elements arranged one on another at a light-
exiting side of the organic light-emitting layer,

wherein at least one transparent light extraction layer is

arranged at least one of following positions: a position
between the elements, a position between the organic
light-emitting layer and the element adjacent to the
organic light-emitting layer, and a position at a light-
exiting surface of the element farthest away from the
organic light-emitting layer;

at least one of a refractive index of the organic light-

emitting layer and a refractive index of the element
adjacent to the light extraction layer, and a refractive
index of the light extraction layer decrease successively
in a light emergent direction, and the refractive index of
the light extraction layer is greater than a refractive
index of air.

2. The OLED display device according to claim 1,
wherein at least one of a light-exiting surface and a light-
entering surface of each light extraction layer is a rough
surface, or the light extraction layers are arranged one on
another and at least one of the light-exiting surfaces and the
light-entering surfaces of the light extraction layers is a
rough surface.

3. The OLED display device according to claim 2,
wherein the rough surface is a corrugated surface.

4. The OLED display device according to claim 1,
wherein the light extraction layer is made of a photocuring
or thermosetting material.

5. The OLED display device according to claim 4,
wherein the photocuring material is photocuring resin, and
the thermosetting material is thermosetting resin.
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6. The OLED display device according to claim 4,
wherein the photocuring material comprises polymer-dis-
persed liquid crystals.

7. The OLED display device according to claim 1,
wherein the OLED display device is a top-emission display
device, and the elements comprise, in the light emergent
direction, an electron transport layer, an electron injection
layer, a cathode layer and a first substrate;

wherein the at least one transparent light extraction layer

is arranged at at least one of following positions: a
position between the electron transport layer and the
electron injection layer, a position between the electron
injection layer and the cathode layer, a position
between the cathode layer and the first substrate, a
position between the organic light-emitting layer and
the electron transport layer, and a position at a light-
exiting surface of the first substrate.

8. The OLED display device according to claim 1,
wherein the OLED display device is a bottom-emission
display device, and the elements comprise, in the light
emergent direction, a hole transport layer, a hole injection
layer, an anode layer and a second substrate;

wherein the at least one transparent light extraction layer

is arranged at at least one of following positions: a
position between the hole transport layer and the hole
injection layer, a position between the hole injection
layer and the anode layer, a position between the anode
layer and the second substrate, a position between the
organic light-emitting layer and the hole transport
layer, and/or a position at a light-exiting surface of the
second substrate.

9. A method for manufacturing an organic light-emitting
diode (OLED) display device, comprising steps of:

forming an organic light-emitting layer;

forming a plurality of elements one on another at a

light-exiting side of the organic light-emitting layer;
and

forming at least one transparent light extraction layer at at

least one of following positions: a position between the
elements, a position between the organic light-emitting
layer and the element adjacent to the organic light-
emitting layer, and a position at a light-exiting surface
of the element farthest away from the organic light-
emitting layer,

wherein at least one of a refractive index of the organic

light-emitting layer and a refractive index of the ele-
ment adjacent to the light extraction layer, and a
refractive index of the light extraction layer decrease
successively in a light emergent direction, and the
refractive index of the light extraction layer is greater
than a refractive index of air.

10. The method according to claim 9, wherein the step of
forming the at least one transparent light extraction layer
comprises steps of?

forming the transparent light extraction layer with at least

one of a light-exiting surface and a light-entering
surface of the light extraction layer being a rough
surface through a patterning process, and repeating this
step for N-1 times so as to form N light extraction
layers, wherein N is a positive integer greater than or
equal to 1; or

forming N transparent light extraction layers with at least

one of the light-exiting surfaces and the light-entering
surfaces of one or more of the N transparent light
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extraction layers being a rough surface through a
patterning process, wherein N is a positive integer
greater than 1.
11. The method according to claim 10, wherein the step of
forming the transparent light extraction layer with at least
one of a light-exiting surface and a light-entering surface of
the light extraction layer being a rough surface through a
patterning process comprises steps of:
performing coating of a transparent thermosetting mate-
rial layer, curing the transparent thermosetting material
layer into the transparent light extraction layer, and
causing at least one of the light-exiting surface and the
light-entering surface of the light extraction layer to be
the rough surface by an imprinting process; or

performing coating of a transparent photocuring material
layer, curing the transparent photocuring material layer
into the transparent light extraction layer, and causing
at least one of the light-exiting surface and the light-
entering surface of the light extraction layer to be the
rough surface through exposing and developing pro-
cesses.

12. The method according to claim 10, wherein the step
of forming N transparent light extraction layers with at least
one of the light-exiting surfaces and the light-entering
surfaces of one or more of the N transparent light extraction
layers being a rough surface through a patterning process
comprises steps of?

performing coating of a transparent thermosetting mate-

rial layer, curing the transparent thermosetting material
layer into the transparent light extraction layer, and
repeating the above coating and curing steps for N-1
times to form the N transparent light extraction layers,
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wherein during a process of forming the N transparent
light extraction layers, at least one of the light-exiting
surfaces and the light-entering surfaces of one or more
of the N transparent light extraction layers is caused to
be the rough surface by an imprinting process; or

performing coating of a transparent photocuring material
layer, curing the transparent photocuring material layer
into the transparent light extraction layer, and repeating
the above coating and curing steps for N-1 times to
form the N transparent light extraction layers, wherein
during a process of forming the N transparent light
extraction layers, at least one of the light-exiting sur-
faces and the light-entering surfaces of one or more of
the N transparent light extraction layers is caused to be
the rough surface through exposing and developing
processes.

13. The method according to claim 11, wherein during the
exposing process, textures on the rough surface are deter-
mined by controlling an emergent direction of the light beam
from a light source, and the emergent direction of the light
beam from the light source is controlled in accordance with
a structure and a position of a mask plate, or a light path of
the light source.

14. The method according to claim 12, wherein during the
exposing process, textures on the rough surface are deter-
mined by controlling an emergent direction of the light beam
from a light source, and the emergent direction of the light
beam from the light source is controlled in accordance with
a structure and a position of a mask plate, or a light path of
the light source.
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