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(57) ABSTRACT

An OLED light emitting device and a display device are
provided. The OLED light emitting device has a cathode, a
light-emitting layer, an anode, a substrate, and a light
extraction layer; the light extraction layer at least has a first
material layer and a second material layer; a first contact
surface of the first material layer and a second contact
surface of the second material layer contact each other; a
longitudinal section of the first contact surface and that of
the second contact surface have sawtooth portions fitted with

each other; n,>n_, . >ng
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OLED LIGHT EMITTING DEVICE AND
DISPLAY DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a technical field of
displays, and in particular to an OLED light emitting device
and a display device.

BACKGROUND OF THE INVENTION

[0002] Recently, organic light-emitting diodes have had
many advantages, such as being self-luminous, having a
wide view angle, fast response, high contrast, low energy
consumption, being green, having a long life, being ultra-
thin, and having a flexible display, which could be focused
on next-generation display technology.

[0003] Refer to FIG. 1, a typical OLED light emitting
device comprises a glass substrate 10, an indium tin oxide
(ITO) anode 20, an organic light-emitting layer 30, and a
cathode 40; the organic light-emitting layer 30 is sand-
wiched between the [TO anode 20 and the metal cathode 40.
The holes of the anode 20 and the electrons of the cathode
40 are combined in the organic light-emitting layer 30 by at
applying a voltage, a light Al could be generated by
stimulating the organic material.

[0004] However, most of the light A1 cannot output an
emitting surface of the OLED light emitting device and emit
to a side of the emitting surface due to the influence of the
reflection and the refraction between the glass substrate 10
and the surface layer of the air area, so that a ratio of the light
outputted from the emitting surface and all of the light Al
emitted from the light-emitting layer 30 (light-emitting
efficiency of the OLED light emitting device) is lower, and
the development of the OLED light emitting device could be
limited. Therefore, improving the light-emitting efficiency
of the OLED light emitting device is an urgent problem.

SUMMARY OF THE INVENTION

[0005] A primary object of the present invention is to
provide an OLED light emitting device and a display device,
which solves the traditional OLED light emitting device
with low light-emitting efficiency, and insufficient bright-
ness.

[0006] To achieve the above object, the present invention
provides an OLED light emitting device which comprises a
cathode, a light-emitting layer, an anode, a substrate, and a
light extraction layer; wherein the light-emitting layer is
located between the cathode and the anode; the substrate is
located between the anode and the light extraction layer; a
top surface and a bottom surface of the light extraction layer
are flat surfaces, and the light extraction layer at least
includes a first material layer and a second material layer;
the first material layer is located on the substrate; the second
material layer is located on the first material layer; a first
contact surface of the first material layer and a second
contact surface of the second material layer contact with
each other; a longitudinal section of the first contact surface
and that of the second contact surface have sawtooth por-
tions fitted with each other; and an index of refraction (n)
of the first material layer, that (1,5 ,.s.) Of the substrate, and
that (ng) of the second material layer satisfy a condition:
n, >nsubstrate>n3 ;
[0007] wherein the sawtooth portions comprise a plurality
of isosceles triangles; and a bottom edge of each of the
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isosceles triangles of the first material layer is coincided
with a surface of the substrate; and

[0008] wherein the light extraction layer further includes a
third material layer; the third material layer is located on the
second material layer; and an index of refraction (n.) of the
third material layer and that (ng) of the second material
satisfy a condition: n,.<ng.

[0009] Furthermore, a bottom angle of each of the isos-
celes triangles of the first material layer is defined according
to the index of refraction of the first material layer.

[0010] To achieve the above object, the present invention
further provides an OLED light emitting device which
comprises a cathode, a light-emitting layer, an anode, a
substrate and a light extraction layer; wherein the light-
emitting layer is located between the cathode and the anode;
the substrate is located between the anode and the light
extraction layer; a top surface and a bottom surface of the
light extraction layer are flat surfaces, and the light extrac-
tion layer at least includes a first material layer and a second
material layer; the first material layer is located on the
substrate; the second material layer is located on the first
material layer; a first contact surface of the first material
layer and a second contact surface of the second material
layer contacted with each other; a longitudinal section of the
first contact surface and that of the second contact surface
have sawtooth portions fitted with each other; and an index
of refraction (n,) of the first material layer, that (n,,,;,4z.) 0f
the substrate, and that (ng) of the second material layer
satisfy a condition: n>n_,,_, ...~z

[0011] Furthermore, the sawtooth portions comprise a
plurality of isosceles triangles, and a bottom edge of each of
the isosceles triangles of the first material layer coincides
with a surface of the substrate.

[0012] Furthermore, a bottom angle of each of the isos-
celes triangle of the first material layer is defined according
to the index of refraction of the first material layer.

[0013] Furthermore, the light extraction layer further
includes a third material layer; the third material layer is
located on the second material layer; and an index of
refraction (n.) of the third material layer and that (n,) of the
second material layer satisfy a condition: n<ng.

[0014] Furthermore, the first material layer is formed on
the substrate by imprinting.

[0015] Furthermore, the second material layer is formed
on the first material layer by coating, and a top surface of the
second material layer is a flat surface.

[0016] Furthermore, the first material layer is made of
polycarbonate.
[0017] Furthermore, the OLED light emitting device fur-

ther comprises a light gathering layer sandwiched between
the substrate and the anode; a third contact surface of the
light gathering layer and a fourth contact surface of the
anode contact with each other; a longitudinal section of the
third contact surface and that of the fourth contact surface
have sawtooth portions fitted with each other; and an index
of refraction (n,) of the light gathering layer and that () of
anode used satisfy a condition: n,>n,,.

[0018] Furthermore, the anode is deposited on the light
gathering layer by chemical vapor deposition, and a surface
of the light gathering layer near the substrate is a flat surface.
[0019] To achieve the above object, the present invention
further provides an OLED display device, which comprises
an OLED light emitting device; wherein the OLED light
emitting device includes a cathode, a light-emitting layer, an
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anode, a substrate and a light extraction layer; the light-
emitting layer is located between the cathode and the anode;
the substrate is located between the anode and the light
extraction layer; a top surface and a bottom surface of the
light extraction layer are flat surfaces and the light extraction
layer at least includes a first material layer and a second
material layer; the first material layer is located on the
substrate; the second material layer is located on the first
material layer; a first contact surface of the first material
layer and a second contact surface of the second material
layer contact with each other; a longitudinal section of the
first contact surface and that of the second contact surface
have sawtooth portions fitted with each other; and an index
of refraction (n,) of the first material layer, that (0, ;.;ur0) O
the substrate, and that (ng) of the second material layer
satisfy a condition: n>n_, . >n..

[0020] Furthermore, the sawtooth portions comprise a
plurality of isosceles triangles, and a bottom edge of each of
the isosceles triangles of the first material layer coincides
with a surface of the substrate.

[0021] Furthermore, a bottom angle of each of the isos-
celes triangle of the first material layer is defined according
to the index of refraction of the first material layer.

[0022] Furthermore, the light extraction layer further
includes a third material layer; the third material layer
locates on the second material layer; and an index of
refraction (n.) of the third material layer and that (nj) of the
second material satisfy a condition: n<ug.

[0023] Furthermore, the first material layer is formed on
the substrate by imprinting.

[0024] Furthermore, the second material layer is formed
on the first material layer by coating, and a top surface of the
second material layer is a flat surface.

[0025] Furthermore, the first material layer is made of
polycarbonate.
[0026] Furthermore, the OLED light emitting device fur-

ther comprises a light gathering layer sandwiched between
the substrate and the anode; a third contact surface of the
light gathering layer and a fourth contact surface of the
anode contact with each other; a longitudinal section of the
third contact surface and that of the fourth contact surface
have sawtooth portions fitted with each other; and an index
of refraction (n,) of the light gathering layer and that (n,;) of
anode satisfy a condition: n,>n,,.

[0027] Furthermore, the anode is deposited on the light
gathering layer by chemical vapor deposition, and a surface
of the light gathering layer near the substrate is a flat surface.

[0028] The beneficial effects of the present invention
include: in the OLED light emitting device and the display
device of the present invention, the first contact surface of
the first material layer and the second contact surface of the
second material layer are disposed on the substrate; the
longitudinal section of the first contact surface and that of
the second contact surface have sawtooth portions fitted with
each other; the index of refraction (n,) of the first material
layer, that (n,,;.,.,.) of the substrate and that (n;) of the
second material layer satisfy a condition: n>n_,, ...~z
so that the light outputted from a side of the anode can be
reduced, and the light emitted from the emitting surface of
the OLED light emitting device can be increased, so as to
improve the light-emitting efficiency of the OLED light
emitting device.
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DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a schematic view of a transmission route
of the light in a typical OLED light emitting device;
[0030] FIG. 2 is a schematic view of a transmission route
of the light in an OLED light emitting device according to
a first embodiment of the present invention;

[0031] FIG. 3 is a schematic view of a transmission route
of the light in an OLED light emitting device according to
a second embodiment of the present invention; and

[0032] FIG. 4 is a schematic view of a transmission route
of the light in an OLED light emitting device according to
a third embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0033] In order to solve the technical problem by the
present invention, technical solutions and beneficial effects
will be more apparent below in conjunction with the accom-
panying drawings and embodiments of the present invention
will be described in further detail. It should be understood
that the specific embodiments described herein are merely
for explaining the present invention and are not intended to
limit the present invention.

[0034] Refer to FIG. 2, the present invention provides an
OLED light emitting device to a first embodiment which
comprises a cathode 1, a light-emitting layer 2, an anode 3,
a substrate 4, and a light extraction layer 5; wherein the
light-emitting layer 2 is located between the cathode 1 and
the anode 3; the substrate 4 is located between the anode 3
and the light extraction layer 5; a top surface and a bottom
surface of the light extraction layer 5 are flat surfaces; the
light extraction layer 5 at least includes a first material layer
51 and a second material layer 52; the first material layer 51
is located on the substrate 4; the second material layer 52 is
located on the first material layer 51; a first contact surface
511 of the first material layer 51 and a second contact surface
521 of the second material layer 52 are contacted with each
other; a longitudinal section of the first contact surface 511
and that of the second contact surface 521 have sawtooth
portions fitted with each other; an index of refraction (n ) of
the first material layer 51, that (n,,.,....) 0f the substrate 4,
and that (ng) of the second material layer 52 satisfy a
condition: n>n_,, ... >ng: wherein n n,,.....=sin f,:sin
B, nnz=sin B,:sin B, f; and B, are the incident angle and
the angle respectively under the light B1 emits in the first
material layer 51 from the substrate 4; p; and f, are the
incident angle and the angle respectively under the light B1
emits in the second material layer 52 from the first material
layer 51.

[0035] Inthe embodiment, the sawtooth portions comprise
a plurality of isosceles triangles, and a bottom edge of each
of the isosceles triangles of the first material layer 51
coincides with a surface of the substrate 4; a bottom angle
0 of each of the isosceles triangle of the first material layer
51 is defined according to the index of refraction of the first
material layer 51; the substrate 4 is a glass plate or a quartz
substrate; the index of refraction of the substrate 4 is 1.52 to
1.53; the first material layer 51 is made of polycarbonate; the
index of refraction of the first material layer 51 is 1.58 to
1.59, and the transmittance is greater than 90%; the second
material layer 52 is made of polymethyl methacrylate; the
index of refraction of the second material 52 is 1.49, and the
transmittance is greater than 92%.
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[0036] During the production process, the anode 3 is
deposited on the cleaning substrate 4 by RF sputtering at
first, and makes a surface of the anode 3 smooth; the material
of the anode 3 is indium tin oxide (ITO); after that the
light-emitting layer 2 and the cathode 1 are formed on the
anode 3 successively through the vacuum deposition; the
light-emitting layer 2 is made of an organic material with
high luminous efficiency; the material of the cathode 1
comprises Ag, Al, or Mg; finally, the first material layer 51
is formed on the substrate 4 by imprinting; the second
material layer 52 is formed on the first material layer 51 by
coating to ensure that a top surface of the second material
layer 52 is a flat surface.

[0037] Applying a voltage between the anode 3 and the
cathode 1, the light B1 is generated by stimulating the
light-emitting layer 2; the light B1 is emitted to the first
material layer 51 and the second material layer 52 from the
substrate 4, and outputted to air from the second material
layer 52. The longitudinal section of the first contact surface
511 and that of the second contact surface 521 have sawtooth
portions fitted with each other, and the index of refraction
(n,) of the first material layer 51, that (n,,,,,....) of the
substrate 4, and that (ng) of the second material layer 52
satisfy a condition: n>n,, ;.5 Thus, the transmission
direction of the light B1 emitted in the first material layer 51
can be changed maximum to approach a middle of the
second material layer 52.

[0038] In another embodiment, the light extraction layer 5
further comprises a third material layer 53 for making the
light B1 to approach the middle; the third material layer 53
is located on the second material layer 52; an index of
refraction (n.) of the third material layer and that (nj) of the
second material satisfy a condition: n<ng. Refer to FIG. 3,
ng:n~sin Pg:sin fs; s and P are the incident angle and the
angle respectively under the light B1 emits in the third
material layer 53 from the second material layer 52.
[0039] In another embodiment, the OLED light emitting
device further comprises a light gathering layer 6 for reduc-
ing the influence of the reflection and the refraction between
the anode 3 and the surface layer of a glass substrate 10 to
prevent the light from escaping from a side of the anode 3;
the light gathering layer 6 is sandwiched between the
substrate 4 and the anode 3; a third contact surface 61 of the
light gathering layer 6 and a fourth contact surface 31 of the
anode 3 are contacted with each other; a longitudinal section
of the third contact surface 61 and that of the fourth contact
surface 31 have sawtooth portions fitted with each other; an
index of refraction (n, ) of the light gathering layer 6 and that
of anode 3 satisfy a condition: n,>n,. Refer to FIG. 4, the
anode 3 is deposited on the light gathering layer 6 by
chemical vapor deposition, and a surface of the light gath-
ering layer 6 near the substrate 4 is a flat surface in the
embodiment. The light gathering layer 6 is made of the
material with a high transmittance and a high refractive
index, such as ZnO, or TiO,.

[0040] In addition, the present invention further provides
an OLED display device (not shown), which has said OLED
light emitting device. The display device can be any product
or device with display function, such as TV, display, digital
photo frame, mobile phone, and tablet (not shown).

[0041] In the OLED light emitting device and the display
device of the present invention, the first contact surface 511
of the first material layer 51 and the second contact surface
521 of the second material layer 52 are disposed on the
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substrate 4; the longitudinal section of the first contact
surface 511 and that of the second contact surface 521 have
sawtooth portions fitted with each other; the index of refrac-
tion (n,) of the first material layer 51, that (n,,,.,.,,,) of the
substrate 4, and that (nz) of the second material layer 52
satisfy a condition: n,>n_, ... >nz. Thus, the light Bl
outputted from a side of the anode 3 can be reduced, and the
light B1 emitted from the emitting surface of the OLED light
emitting device can be increased, so as to improve the
light-emitting efficiency of the OLED light emitting device.
[0042] The foregoing are only preferred embodiments of
the present invention only, and are not intended to limit the
present invention. Any modifications made within the spirit
and principles of the present invention, equivalent replace-
ments and improvements, etc., should be included in the
protection of the present invention within the range.

1. An OLED light emitting device, comprising:

a cathode, a light-emitting layer, an anode, a substrate,
and a light extraction layer; the light-emitting layer
being located between the cathode and the anode;

the substrate being located between the anode and the
light extraction layer; a top surface and a bottom
surface of the light extraction layer being flat surfaces,
and the light extraction layer at least including a first
material layer and a second material layer; the first
material layer being located on the substrate; the sec-
ond material layer located on the first material layer; a
first contact surface of the first material layer and a
second contact surface of the second material layer
being contacted with each other; a longitudinal section
of the first contact surface and that of the second
contact surface having sawtooth portions fitted with
each other; and an index of refraction (n,) of the first
material layer, that (n ) of the substrate, and that

substrate.

(ng) of the second material layer satisfying:

My >nsubsrate>n3;

wherein the sawtooth portions comprise a plurality of
isosceles triangles; and a bottom edge of each of the
isosceles triangles of the first material layer coincides
with a surface of the substrate; and

wherein the light extraction layer further includes a third
material layer; the third material layer is located on the
second material layer; and an index of refraction (n,)
of the third material layer and that (nz) of the second
material layer satisfy:

n,<ng.

2. The OLED light emitting device according to claim 1,
wherein a bottom angle of each of the isosceles triangles of
the first material layer is defined according to the index of
refraction of the first material layer.

3. An OLED light emitting device, comprising:

a cathode, a light-emitting layer, an anode, a substrate,
and a light extraction layer; the light-emitting layer
being located between the cathode and the anode; the
substrate being located between the anode and the light
extraction layer; a top surface and a bottom surface of
the light extraction layer being flat surfaces, and the
light extraction layer at least including a first material
layer and a second material layer; the first material
layer being located on the substrate; the second mate-
rial layer being located on the first material layer; a first
contact surface of the first material layer and a second
contact surface of the second material layer being
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contacted with each other; a longitudinal section of the
first contact surface and that of the second contact
surface having sawtooth portions fitted with each other;
and an index of refraction (n,) of the first material
layer, that (n,,,,,..,.) of the substrate, and that (ng) of

the second material layer satisfving:

Hny>H >Hp:

substrate

wherein the sawtooth portions comprise a plurality of
isosceles triangles, and a bottom edge of each of the
isosceles triangles of the first material layer coincides
with a surface of the substrate.

4. (canceled)

5. The OLED light emitting device according to claim 3,
wherein a bottom angle of each of the isosceles triangle of
the first material layer is defined according to the index of
refraction of the first material layer.

6. The OLED light emitting device according to claim 3,
wherein the light extraction layer further includes a third
material layer; the third material layer is located on the
second material layer; and an index of refraction (n.) of the
third material layer and that (n;) of the second material layer
satisfy: n_<ng.

7. The OLED light emitting device according to claim 3,
wherein the first material layer is formed on the substrate by
imprinting.

8. The OLED light emitting device according to claim 3,
wherein the second material layer is formed on the first
material layer by coating, and a top surface of the second
material layer is a flat surface.

9. The OLED light emitting device according to claim 3,
wherein the first material layer is made of polycarbonate.

10. The OLED light emitting device according to claim 3,
wherein the OLED light emitting device further comprises a
light gathering layer sandwiched between the substrate and
the anode; a third contact surface of the light gathering layer
and a fourth contact surface of the anode are contacted with
each other; a longitudinal section of the third contact surface
and that of the fourth contact surface having sawtooth
portions fitted with each other; and an index of refraction
(n,) of the light gathering layer and that (n,;) of anode used
satisfy:

0>y

11. The OLED light emitting device according to claim
10, wherein the anode is deposited on the light gathering
layer by chemical vapor deposition, and a surface of the light
gathering layer near the substrate is a flat surface.

12. An OLED display device, comprising:

an OLED light emitting device including a cathode, a

light-emitting layer, an anode, a substrate, and a light
extraction layer; the light-emitting layer being located
between the cathode and the anode; the substrate being
located between the anode and the light extraction
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layer; a top surface and a bottom surface of the light
extraction layer being flat surfaces and the light extrac-
tion layer at least including a first material layer and a
second material layer; the first material layer being
located on the substrate; the second material layer
being located on the first material layer; a first contact
surface of the first material layer and a second contact
surface of the second material layer contact with each
other; a longitudinal section of the first contact surface
and that of the second contact surface having sawtooth
portions fitted with each other; and an index of refrac-
tion (n,) of the first material layer, that (n_,_,..) of the
substrate, and that (1) of the second material layer
satisfying:

420 >Hp;

substrate’

wherein the sawtooth portions comprise a plurality of
isosceles triangles, and a bottom edge of each of the
isosceles triangles of the first material layer coincides
with a surface of the substrate.

13. (canceled)

14. The OLED display device according to claim 12,
wherein a bottom angle of each of the isosceles triangle of
the first material layer is defined according to the index of
refraction of the first material layer.

15. The OLED display device according to claim 12,
wherein the light extraction layer further includes a third
material layer; the third material layer is located on the
second material layer; and an index of refraction (n.) of the
third material layer and that (n,) of the second material layer
satisfy: n.<ng.

16. The OLED display device according to claim 12,
wherein the first material layer is formed on the substrate by
imprinting.

17. The OLED display device according to claim 12,
wherein the second material layer is formed on the first
material layer by coating, and a top surface of the second
material layer is a flat surface.

18. The OLED display device according to claim 12,
wherein the first material layer is made of polycarbonate.

19. The OLED display device according to claim 12,
wherein the OLED light emitting device further comprises a
light gathering layer sandwiched between the substrate and
the anode; a third contact surface of the light gathering layer
and a fourth contact surface of the anode contact with each
other; a longitudinal section of the third contact surface and
that of the fourth contact surface having sawtooth portions
fitted with each other; and an index of refraction (n,) of the
light gathering layer and that (n,) of anode satisfy: n,>n,.

20. The OLED display device according to claim 19,
wherein the anode is deposited on the light gathering layer
by chemical vapor deposition, and a surface of the light
gathering layer near the substrate is a flat surface.
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