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(7) ABSTRACT

The present invention discloses a top-emitting OLED
device, a method of manufacturing the same, and a display
panel. The OLED device includes a substrate, an anode
layer, an organic functional layer, a cathode layer, and an
auxiliary electrode layer sequentially arranged, wherein the
auxiliary electrode layer is arranged on the non-light emit-
ting region of the cathode layer, and the material of the
auxiliary electrode layer is electrically conductive. The
present invention can increase the conductivity of the cath-
ode layer, reduce the voltage difference between the center
and the edge of the screen, and improve the display effect
without blocking the light emitting region and not affecting
the display brightness of the light emitting region.
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TOP-EMITTING OLED DEVICE, METHOD
OF MANUFACTURING THE SAME, AND
DISPLAY PANEL

TECHNICAL FIELD

[0001] The present invention relates to the field of display
technology, and more particularly to a top-emitting OLED
device, a method of manufacturing the same, and a display
panel.

BACKGROUND OF RELATED ART

[0002] OLED (Organic Light-Emitting Diode) device has
become the most promising novel display device in recent
years with its advantages such as self-emission, all solid
state, and high contrast. In the large-size OLED screen
production, because the bottom-emitting OLED is affected
by the aperture rate, the high resolution is difficult to
achieved, therefore more and more manufacturers achieve
higher resolution through the development of the top-emit-
ting OLED.

[0003] In the long-term development, the inventors of the
present application have found that a thin transparent metal
is used as a cathode and is connected to the edge circuit of
the screen in order to take into account the light transmit-
tance when fabricating the top-emitting OLED device. How-
ever, due to the fact that the thinner transparent metal has
larger resistance, when the screen size becomes larger, the
drive voltage difference between the center and the edge of
the screen becomes too large, causing the voltage drop,
affecting the display effect.

SUMMARY

[0004] The technical problem that the present invention
mainly solves is to provide a top-emitting OLED device, a
method of manufacturing the same, and a display panel,
which can reduce the voltage difference between the center
and the edge of the screen to improve the display effect.
[0005] To solve the above technical problem, a technical
proposal adopted by the present invention is to provide a
top-emitting OLED device, including:

[0006] a substrate, an anode layer, an organic functional
layer, a cathode layer, and an auxiliary electrode layer
sequentially arranged, wherein the auxiliary electrode layer
is arranged on a non-light emitting region of the cathode
layer, and the material of the auxiliary electrode layer is
electrically conductive.

[0007] To solve the technical problem, another aspect of
the present invention is to provide a method of manufactur-
ing a top-emitting OLED device, including:

[0008] preparing an anode layer, an organic functional
layer, and a cathode layer on a substrate in turn;

[0009] forming an auxiliary electrode layer on the non-
light emitting region of the cathode layer, wherein a material
of the auxiliary electrode layer is electrically conductive.
[0010] To solve the technical problem, another aspect of
the present invention is to provide a display panel, including:
[0011] a top-emitting OLED device, including a substrate,
an anode layer, an organic functional layer, a cathode layer,
and an auxiliary electrode layer sequentially arranged,
wherein the auxiliary electrode layer is arranged on the
non-light emitting region of the cathode layer, and the
material of the auxiliary electrode layer is electrically con-
ductive;
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[0012] a driving circuit, coupled to the anode layer and/or
the cathode layer, for controlling the light emission of the
OLED device.

[0013] By providing the conductive auxiliary electrode
layer on the non-light emitting region of the cathode layer of
the OLED device, the present invention can increase the
conductivity of the cathode layer, reduce the voltage differ-
ence between the center and the edge of the screen, and
improve the display effect without blocking the light emit-
ting region and not affecting the display brightness of the
light emitting region.

DESCRIPTION OF THE DRAWINGS

[0014] FIG. 11is a schematic structural view of an embodi-
ment of the top-emitting OLED device according to the
present invention;

[0015] FIG. 2 is a schematic structural view of another
embodiment of the top-emitting OLED device according to
the present invention;

[0016] FIG. 3 is a top-view schematic of the cathode layer
and the auxiliary electrode layer of another embodiment of
the top-emitting OLED device according to the present
invention;

[0017] FIG. 4 is a schematic structural view of a further
embodiment of the top-emitting OLED device according to
the present invention;

[0018] FIG. 5 is a schematic flow diagram of an embodi-
ment of a method of manufacturing the top-emitting OLED
device according to the present invention;

[0019] FIG. 6 is a schematic flow diagram of another
embodiment of a method for manufacturing the top-emitting
OLED device according to the present invention;

[0020] FIG. 7is a schematic structural view of an embodi-
ment of the display panel according to the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0021] The technical proposals in the embodiments of the
present invention will be described in detail below in
connection with the accompanying drawings in the embodi-
ments of the present invention.

[0022] Referring to FIG. 1, an embodiment of the top-
emitting OLED device of the present invention includes:
[0023] a substrate 1, an anode layer 2, an organic func-
tional layer 3, a cathode layer 4, and an auxiliary electrode
layer 5, wherein the auxiliary electrode layer 5 is arranged
on the non-light emitting region of the cathode layer 4, and
the material of the auxiliary electrode layer 5 is electrically
conductive.

[0024] Alternatively, the substrate 1 may be a material that
is transparent and easy to form a light product, such as glass;
the anode layer 2 may be a material having high conduc-
tivity, such as silver, aluminum or ITO (Indium Tin Oxide);
the organic functional layer 3 may include a multilayer
conductive material, such as CuPc (copper phthalocyanine),
Alg3 (Tris(8-quinolinolato) aluminum) or LiF (lithium fluo-
ride); the cathode layer 4 may be a material having high
conductivity and high transparency, such as silver, magne-
sium or ITO; the auxiliary electrode layer 5 may be a
material having high conductivity, such as nano silver.
[0025] The light source is incident from the organic func-
tional layer 3 to the cathode layer 4 and is emitted from the
light emitting region of the cathode layer 4; since the
auxiliary electrode layer 5 has high conductivity, the resis-
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tance of the entire cathode layer 4 is reduced, then the
voltage difference between the center and the edge of the
screen become smaller, in the organic function layer 3 the
brightness difference of the light generated at the position
corresponding the center and the edge of the screen becomes
smaller, so that the display brightness of the entire screen is
more uniform; simultaneously, the auxiliary electrode layer
5 covers only the non-light emitting region of the cathode
layer 4, does not block the light passing through the light
emitting region of the cathode layer 4, and does not affect the
display brightness of the screen.

[0026] By providing the conductive auxiliary electrode
layer on the non-light emitting region of the cathode layer of
the OLED device, the present invention can increase the
conductivity of the cathode layer, reduce the voltage differ-
ence between the center and the edge of the screen, and
improve the display effect without blocking the light emit-
ting region and not affecting the display brightness of the
light emitting region.

[0027] Referring to FIGS. 2 to 3, another embodiment of
the top-emitting OLED device of the present invention
includes:

[0028] a substrate 10, an anode layer 20, an organic
functional layer 30, a cathode layer 40, and an auxiliary
electrode layer 50 sequentially arranged, wherein the aux-
iliary electrode layer 50 is arranged on the non-light emitting
region of the cathode layer 40, and the material of the
auxiliary electrode layer 50 is electrically conductive.
[0029] Alternatively, the organic functional layer 30
includes a hole injection layer 301, a hole transport layer
302, a light emitting layer 303, an electron transport layer
304, and an electron injection layer 305, wherein the hole
injection layer 301, the hole transport layer 302, the light
emitting layer 303, the electron transport layer 304, and the
electron injection layer 305 are electrically connected in
turn, the hole injection layer 301 is electrically connected to
the anode layer 20, and the electron injection layer 305 is
electrically connected to the cathode layer 40.

[0030] Alternatively, the hole injection layer 301 may be
a material that facilitates the control of the hole injection
rate, such as CuPc; the hole transport layer 302 may be a
material having high thermal stability and facilitating hole
transport, such as NPB (N,N'-(1-naphthyl)-N, N'-diphenyl-
4 4'-biphenylenediamine); the light emitting layer 303 may
be a material having high light emitting efficiency, such as
Alqg3; the electron transport layer 304 may be a material
having high thermal stability and facilitating electron trans-
port, such as PBD (2-(4-biphenyl)-5-(4-tert-butyl) phenyl-
1,3,4-oxadiazole); and the electron injection layer 305 may
be a material that facilitates the control of the electron
injection rate, such as LiF.

[0031] Alternatively, the auxiliary electrode layer 50 has a
mesh structure, the mesh holes correspond to the light
emitting region 401, and the line width of the auxiliary
electrode layer 50 is less than the distance between the light
emitting regions 401 of the cathode layer 40.

[0032] Alternatively, the thickness of the auxiliary elec-
trode layer 50 is greater than 500 nm and is less than the
distance between the cathode layer 40 and the cover plate
(not shown). When the OLED device is in a flexible pack-
age, the thickness of the auxiliary electrode layer 50 is less
than 5 pm.

[0033] Under the external driving, the electrons are driven
from the cathode layer 40 through the electron injection
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layer 305 and the electron transport layer 304 to the light
emitting layer 303, and the holes pass from the anode layer
20 through the hole injection layer 301 and the hole transport
layer 302 to the light emitting layer 303, the electrons and
holes interact with each other at the light emitting layer 303
to emit light, and light passes through the electron transport
layer 304 and the electron injection layer 304, and is incident
on the cathode layer 40, and is emitted from the light
emitting region 401 of the cathode layer 40. Since the
auxiliary electrode layer 50 covers only the non-light emit-
ting region of the cathode layer 40 and does not block the
light passing through the light emitting region 401 of the
cathode layer 40, the material of the auxiliary electrode layer
50 may be a material having a higher light transmittance
than the cathode layer, or may also be a material having a
light transmittance lower than that of the cathode layer, such
as nano silver.

[0034] By providing the conductive auxiliary electrode
layer on the non-light emitting region of the cathode layer of
the OLED device, the present invention can increase the
conductivity of the cathode layer, reduce the voltage differ-
ence between the center and the edge of the screen, and
improve the display effect without blocking the light emit-
ting region and not affecting the display brightness of the
light emitting region.

[0035] Referring to FIG. 4, a further embodiment of the
top-emitting OLED device of the present invention includes:
[0036] a substrate 100, an anode layer 200, an organic
functional layer 300, a cathode layer 400, a cathode protec-
tion layer 500, and an auxiliary electrode layer 600 sequen-
tially arranged, wherein the auxiliary electrode layer 600 is
arranged on the cathode protection layer 500 corresponding
to the non-light emitting region of the cathode layer 400, and
the material of the auxiliary electrode layer 600 is electri-
cally conductive.

[0037] Alternatively, a cathode protection layer 500 is
arranged between the cathode layer 400 and the auxiliary
electrode layer 600 for protecting the cathode layer 400 from
contamination by the auxiliary electrode layer 600.

[0038] Alternatively, the cathode protection layer 500 may
be a transparent conductive film, and the auxiliary electrode
layer 600 is electrically connected to the cathode layer 400
through the cathode protection layer 500.

[0039] Alternatively, the cathode protection layer 500 may
be a material having high light transmittance and high
conductivity, such as IGO (Indium Gallium Zinc Oxide).

[0040] Specifically, the structure of the auxiliary electrode
layer 600 is referred to as an auxiliary electrode layer in
another embodiment of the top-emitting OLED device.

[0041] In the embodiment of the present invention, by
providing the cathode protection layer on the cathode layer
of the OLED device and providing the conductive auxiliary
electrode layer on the cathode protection layer correspond-
ing to the non-light emitting region of the cathode layer, the
present invention can increase the conductivity of the cath-
ode layer without affecting the cathode layer, reduce the
voltage difference between the center and the edge of the
screen, and improve the display effect without blocking the
light emitting region and not affecting the display brightness
of the light emitting region.

[0042] Referring to FIG. 5, an embodiment of a method of
manufacturing a top-emitting OLED device of the present
invention includes:
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[0043] S1: preparing an anode layer, an organic functional
layer, and a cathode layer on a substrate in turn;

[0044] Alternatively, preparing the anode layer, the
organic functional layer, and the cathode layer by vapor
deposition, printing, or the like.

[0045] S2: forming an auxiliary electrode layer on the
non-light emitting region of the cathode layer.

[0046] Specifically, nano-silver ink may be coated as the
auxiliary electrode layer on the non-light emitting region of
the cathode layer by 1JP (Ink Jet Printing), a dispenser, a
screen printing or the like, wherein the line width of the
auxiliary electrode layer is less than the distance between the
light emitting regions, the thickness of the auxiliary elec-
trode layer is greater than 500 nm and less than the distance
between the cathode layer and the cover plate; and then the
OLED device is heat treated to remove the solvent in the
nano silver ink, wherein the temperature of the heat treat-
ment is less than 80° C.

[0047] Alternatively, the material of the auxiliary elec-
trode layer may be other conductive material.

[0048] Alternatively, the solvent in the nano silver ink may
be a solvent that does not contaminate or interfere with other
component layers.

[0049] By providing the conductive auxiliary electrode
layer on the non-light emitting region of the cathode layer of
the OLED device, the present invention can increase the
conductivity of the cathode layer, reduce the voltage differ-
ence between the center and the edge of the screen, and
improve the display effect without blocking the light emit-
ting region and not affecting the display brightness of the
light emitting region.

[0050] Referring to FIG. 6, another embodiment of a
method of manufacturing a top-emitting OLED device of the
present invention includes:

[0051] S61: preparing an anode layer, an organic func-
tional layer, and a cathode layer on the substrate in turn;

[0052] S62: forming a cathode protection layer on the
cathode layer;
[0053] Alternatively, IGO may be sputtered on the entire

surface of the cathode layer as a cathode protection layer;
since the process temperature of the IGO is less than 80° C.,
contamination and damage to the cathode layer are not
caused.

[0054] Alternatively, the cathode protection layer may be
prepared by coating, printing, or the like.

[0055] Alternatively, the material of the cathode protec-
tion layer may also be other materials of which the process
temperature is less than the process temperature of the
cathode layer.

[0056] S63: forming an auxiliary electrode layer on the
cathode protection layer corresponding to the non-light
emitting region of the cathode layer.

[0057] Specifically, the manufacturing method of the aux-
iliary electrode layer is referred to the manufacturing
method of the auxiliary electrode layer which is in one
embodiment of the manufacturing method of the top-emit-
ting OLED device.

[0058] In the embodiment of the present invention, by
providing the cathode protection layer on the cathode layer
of the OLED device and providing the conductive auxiliary
electrode layer on the cathode protection layer correspond-
ing to the non-light emitting region of the cathode layer, the
present invention can increase the conductivity of the cath-
ode layer without affecting the cathode layer, reduce the
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voltage difference between the center and the edge of the
screen, and improve the display effect without blocking the
light emitting region and not affecting the display brightness
of the light emitting region.

[0059] Referring to FIG. 7, an embodiment of the display
panel of the present invention includes:

[0060] a top-emitting OLED device 701, the top-emitting
OLED device 701 includes a substrate, an anode layer, an
organic functional layer, a cathode layer, and an auxiliary
electrode layer sequentially arranged, wherein the auxiliary
electrode layer is arranged on the non-light emitting region
of the cathode layer and the material of the auxiliary
electrode layer is electrically conductive;

[0061] a driving circuit 702, coupled to the anode layer
and/or the cathode layer, for controlling the OLED device
701 to emit light.

[0062] Specifically, the structure of the top-emitting
OLED device 701 is referred to the embodiment of the
top-emitting OLED device.

[0063] By providing the conductive auxiliary electrode
layer on the non-light emitting region of the cathode layer of
the OLED device, the present invention can increase the
conductivity of the cathode layer, reduce the voltage differ-
ence between the center and the edge of the screen, and
improve the display effect without blocking the light emit-
ting region and not affecting the display brightness of the
light emitting region.

[0064] Above are only embodiments of the present inven-
tion is not patented and therefore limit the scope of the
present invention, the use of any content of the present
specification and drawings made equivalent or equivalent
structural transformation process, either directly or indi-
rectly related to the use of other technologies areas are
included in the same way the scope of the patent protection
of the present invention.

What is claimed is:

1. A display panel, comprising:

a top emitting OLED device, comprising a substrate, an
anode layer, an organic functional layer, a cathode
layer, a cathode protection layer, and an auxiliary
electrode layer sequentially arranged, wherein the cath-
ode protection layer is for protecting the cathode layer
from being contaminated by the auxiliary electrode
layer; the auxiliary electrode layer is a mesh structure,
arranged on a non-light emitting region of the cathode
layer, mesh holes corresponds to light emitting regions,
and a material of the auxiliary electrode layer is elec-
trically conductive;

a driving circuit, coupled to the anode layer and/or the
cathode layer, for controlling light emission of the
OLED device.

2. The display panel according to claim 1, wherein a line
width of the auxiliary electrode layer is smaller than a pitch
between the light emitting regions of the cathode layer.

3. The display panel according to claim 2, wherein a
thickness of the auxiliary electrode layer is greater than 500
nm and less than a distance between the cathode layer and
a cover plate, and when the OLED device is in a flexible
package, the thickness of the auxiliary electrode layer is less
than 5 pm.

4. The display panel according to claim 1, wherein the
cathode protection layer is a transparent conductive film,
and the auxiliary electrode layer is electrically connected to
the cathode layer through the cathode protection layer.
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5. A top emitting OLED device, comprising:

a substrate, an anode layer, an organic functional layer, a
cathode layer, and an auxiliary electrode layer sequen-
tially arranged, wherein the auxiliary electrode layer is
arranged on a non-light emitting region of the cathode
layer, and a material of the auxiliary electrode layer is
electrically conductive.

6. The OLED device according to claim 5, wherein the
auxiliary electrode layer is a mesh structure, mesh holes
corresponds to light emitting regions, and a line width of the
auxiliary electrode layer is smaller than a pitch between the
light emitting regions of the cathode layer.

7. The OLED device according to claim 6, wherein a
thickness of the auxiliary electrode layer is greater than 500
nm and less than a distance between the cathode layer and
a cover plate, and when the OLED device is in a flexible
package, a thickness of the auxiliary electrode layer is less
than 5 pm.

8. The OLED device according to claim 5, further com-
prising:

a cathode protection layer, disposed between the cathode
layer and the auxiliary electrode layer, for protecting
the cathode layer from being contaminated by the
auxiliary electrode layer.

9. The OLED device according to claim 8, wherein the
cathode protection layer is a transparent conductive film,
and the auxiliary electrode layer is electrically connected to
the cathode layer through the cathode protection layer.

10. The OLED device according to claim 5, wherein the
organic functional layer comprises a hole injection layer, a
hole transporting layer, a light emitting layer, an electron
transporting layer, and an electron injection layer, wherein
the hole injection layer, the hole transporting layer, the light
emitting layer, the electron transporting layer, and the elec-
tron injection layer are electrically connected in turn, the
hole injection layer is electrically connected to the anode
layer, and the electron injection layer is electrically con-
nected to the cathode layer.

Nov. 1, 2018

11. A method for manufacturing a top emitting OLED
device, comprising:
preparing an anode layer, an organic functional layer, and
a cathode layer on a substrate in turn;

forming an auxiliary electrode layer in a non-light emit-
ting region of the cathode layer, wherein a material of
the auxiliary electrode layer is electrically conductive.

12. The manufacturing method according to claim 11,
further comprising:

forming a cathode protection layer on the cathode layer

prior to forming the auxiliary electrode layer to protect
the cathode layer from contamination by the auxiliary
electrode layer.

13. The manufacturing method according to claim 12,
wherein the cathode protection layer is a transparent con-
ductive film, and the auxiliary electrode layer is electrically
connected to the cathode layer through the cathode protec-
tion layer.

14. The manufacturing method according to claim 11,
wherein the method for forming the auxiliary electrode layer
on the non-light emitting region of the cathode layer spe-
cifically comprises:

coating nano-silver ink as the auxiliary electrode layer on

the non-light emitting region of the cathode layer by
ink jet printing.

15. The manufacturing method according to claim 14,
wherein a temperature at which the auxiliary electrode layer
is subjected to a heat treatment is less than 80° C.

16. The manufacturing method according to claim 12,
wherein the method for forming the cathode protection layer
on the cathode layer specifically comprises:

sputtering indium gallium oxide as the cathode protection

layer.

17. The manufacturing method according to claim 16,
wherein a temperature at which the cathode protection layer
is subjected to a heat treatment is less than 80° C.
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