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(57) The embodiments of the present disclosure pro-
vide a top-emitting type organic electroluminescent de-
vice, a manufacturing method thereof and a display ap-
paratus, which can reduce damage to an organic func-
tional layer when a transparent metal oxide layer is sput-
tered, thereby obtaining a cathode with high stability and
high transparence. The top-emitting type organic elec-
troluminescent device includes an anode, an organic
functional layer and a cathode that are sequentially
stacked. The cathode includes a transparent metal layer
disposed on a surface of the organic functional layer fac-
ing away from the anode, and a transparent metal oxide
layer disposed on a surface of the transparent metal layer

facing away from the organic functional layer. In the
top-emitting type organic electroluminescent device pro-
vided by the embodiment of the present disclosure, the
cathode includes a transparent metal layer disposed on
a side of the organic functional layer facing away from
the anode and a transparent metal oxide layer disposed
on the transparent metal layer. The transparent metal
layer can be formed on the organic functional layer by
deposition, which causes less damage to the organic
functional layer than sputtering. The transparent metal
oxide layer can also be formed on the transparent metal
layer by sputtering, thereby improving the light transmit-
tance of the cathode.
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Description

RELATED APPLICATIONS

[0001] The present application claims the benefit of
Chinese Patent Application No. 201610686026.5, filed
on August 18, 2016, the entire disclosures of which are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of dis-
play apparatus technology, in particular to a top-emitting
type organic electroluminescent device, a manufacturing
method thereof and a display apparatus.

BACKGROUND

[0003] Organic electroluminescent devices, as a new
type of lighting and display technology, have unique ad-
vantages and are widely used. In order to improve the
aperture ratio of organic electroluminescent devices, or-
ganic electroluminescent devices with a top-emitting
structure are typically used.
[0004] Due to its strong microcavity effect, the organic
electroluminescent device with the top-emitting structure
has a strong selectivity for color of emitted light. In order
to weaken or suppress the microcavity effect, in the man-
ufacture process of the top-emitting type organic electro-
luminescent device, an effective method is to increase
the light transmittance of the cathode, which can reduce
the resonant cavity effect, thereby obtaining a stable
broadband white light spectrum.
[0005] In order to increase the light transmittance of
the cathode, a common approach in the prior art is to use
metal oxides such as Indium-doped ZnO, indium tin oxide
(ITO), and such metal oxides can only be deposited by
sputtering method. However, a high-energy sputtering
process can easily damage the underlying organic layer,
which leads to reduction of the efficiency and lifetime of
the device, as well as the yield. Moreover, the square
resistance of metal oxide materials is large. To obtain a
cathode with a small square resistance, it is necessary
to increase the thickness of the film and increase the
sputtering time, which in turn reduces the lifetime of the
organic electroluminescent device.

SUMMARY

[0006] The embodiments of the present disclosure pro-
vide a top-emitting type organic electroluminescent de-
vice, a manufacturing method thereof and a display ap-
paratus, which can reduce damage to the organic func-
tional layer when a film layer is sputtered, thereby ob-
taining a cathode with high stability and high transpar-
ence.
[0007] To this end, an embodiment of the present dis-
closure provides a top-emitting type organic electrolumi-

nescent device, which includes an anode, an organic
functional layer and a cathode stacked sequentially. The
cathode includes: a transparent metal layer disposed on
a surface of the organic functional layer facing away from
the anode, and a transparent metal oxide layer disposed
on a surface of the transparent metal layer facing away
from the organic functional layer.
[0008] In the top-emitting type organic electrolumines-
cent device provided by the embodiment of the present
disclosure, the cathode includes a transparent metal lay-
er disposed on a side of the organic functional layer facing
away from the anode and a transparent metal oxide layer
disposed on the transparent metal layer. The transparent
metal layer can be formed on the organic functional layer
by deposition, which causes less damage to the organic
functional layer than sputtering. The transparent metal
oxide layer can be formed on the transparent metal layer
by sputtering, thereby improving the light transmittance
of the cathode.
[0009] Therefore, the top-emitting type organic elec-
troluminescent device provided by the embodiment of
the present disclosure can reduce damage to the organic
functional layer when a film layer is sputtered, thereby
obtaining the cathode with high stability and high trans-
parence.
[0010] In some optional implementations, the above
top-emitting type organic electroluminescent device fur-
ther includes a plurality of transparent metal strips dis-
posed on a surface of the transparent metal oxide layer
facing away from the organic functional layer, the plurality
of transparent metal strips are located at least in a non-
light emitting region of the organic electroluminescent
device. The disposition of transparent metal strips can
reduce the overall square resistance of the cathode and
reduce the absorption efficiency of the cathode.
[0011] In some optional implementations, the plurality
of transparent metal strips are located in a non-light emit-
ting region and a light emitting region of the organic elec-
troluminescent device.
[0012] In some optional implementations, the plurality
of transparent metal strips are arranged in parallel, and
a gap of 2.5 mm ∼ 5 mm is between two directly adjacent
transparent metal strips.
[0013] In some alternative embodiments, the plurality
of transparent metal strips form a grid structure.
[0014] In some optional implementations, the transpar-
ent metal layer has a thickness of 5 nm ∼ 10 nm. Due to
the poor light transparence of the transparent metal layer,
the thickness of the transparent metal layer is set to be
5 nm ∼ 10 nm, which can improve the adhesion of the
cathode and reduce the possibility of forming a resonant
cavity with the transparent metal layer.
[0015] In some optional implementations, a material of
the transparent metal layer is a magnesium-silver alloy.
With a low work function of magnesium, the transparent
metal layer obtains a low injecting energy barrier. The
addition of silver can improve the stability of the trans-
parent metal layer, and further improve the adhesion of

1 2 



EP 3 503 235 A1

3

5

10

15

20

25

30

35

40

45

50

55

the transparent metal layer, and then improve the adhe-
sion of the cathode.
[0016] In some optional implementations, the transpar-
ent metal oxide layer has a thickness of 2 nm ∼ 20 nm.
The transparent metal oxide layer can prevent the oxi-
dation of the relatively thin transparent metal layer, and
improve the light transmittance of the cathode. Since the
organic functional layer may be damaged easily when
the transparent metal oxide layer is sputtered, the thick-
ness of the transparent metal oxide layer is set to be 2
nm ∼ 20 nm.
[0017] In some optional implementations, a material of
the transparent metal oxide layer is Indium-doped ZnO
or indium tin oxide (ITO).
[0018] In some optional implementations, each trans-
parent metal strip has a thickness of 50 nm ∼ 80 nm.
[0019] In some optional implementations, a material of
each transparent metal strip is silver.
[0020] An embodiment of the present disclosure fur-
ther provides a display apparatus, which includes the top-
emitting type organic electroluminescent device accord-
ing to any one of the above embodiments.
[0021] An embodiment of the present disclosure fur-
ther provides a method for manufacturing the top-emit-
ting type organic electroluminescent device according to
any one of the above embodiments.
[0022] The method includes: forming an anode on a
substrate; forming an organic functional layer on a sur-
face of the anode facing away from the substrate; forming
a transparent metal layer on a surface of the organic func-
tional layer facing away from the anode; and forming a
transparent metal oxide layer on a surface of the trans-
parent metal layer facing away from the organic function-
al layer.
[0023] In some optional implementations, the manu-
facturing method further includes: forming a plurality of
transparent metal strips on a surface of the transparent
metal oxide layer facing away from the organic functional
layer. The plurality of transparent metal strips are located
at least in a non-light emitting region of the organic elec-
troluminescent device.
[0024] In some optional implementations, the plurality
of transparent metal strips are arranged in parallel, and
a gap of 2.5 mm ∼ 5 mm is between two directly adjacent
transparent metal strips; alternatively, the plurality of
transparent metal strips form a grid structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] In order to more clearly illustrate the technical
solutions in embodiments of the disclosure or in the prior
art, the appended drawings needed to be used in the
description of the embodiments or the prior art will be
introduced briefly in the following. Obviously, the draw-
ings in the following description are only some embodi-
ments of the disclosure, and for those of ordinary skills
in the art, other drawings may be obtained according to
these drawings under the premise of not paying out cre-

ative work.

Fig. 1 is a structural schematic diagram of a top-
emitting type organic electroluminescent device pro-
vided by an embodiment of the present disclosure;

Fig. 2a is a structural schematic diagram of a top-
emitting type organic electroluminescent device pro-
vided by another embodiment of the present disclo-
sure;

Fig. 2b is a top view of the top-emitting type organic
electroluminescent device in the embodiment shown
in Fig. 2a;

Fig. 3 is a structural schematic diagram of a top-
emitting type organic electroluminescent device pro-
vided by yet another embodiment of the present dis-
closure;

Fig. 4 is a structural schematic diagram of a top-
emitting type organic electroluminescent device pro-
vided by still another embodiment of the present dis-
closure;

Fig. 5 shows light transmittance curves of a cathode
in a top-emitting type organic electroluminescent de-
vice provided by an embodiment of the present dis-
closure and a cathode in the prior art; and

Fig. 6 is a flow chart of a method for manufacturing
a top-emitting type organic electroluminescent de-
vice provided by an embodiment of the present dis-
closure.

Reference signs:

[0026] 10-substrate; 1-anode; 2-organic functional lay-
er; 3-cathode; 31-transparent metal layer; 32-transpar-
ent metal oxide layer; 33-transparent metal strip.

DETAILED DESCRIPTION OF THE PRESENT DIS-
CLOSURE

[0027] In the following, the technical solutions in the
embodiments of the disclosure will be described clearly
and completely in connection with the drawings in the
embodiments of the disclosure. Obviously, the described
embodiments are only part of the embodiments of the
disclosure, and not all of the embodiments. Based on the
embodiments in the disclosure, all other embodiments
obtained by those of ordinary skills in the art under the
premise of not paying out creative work pertain to the
protection scope of the disclosure.
[0028] As shown in Fig. 1, Fig. 1 is a structural sche-
matic diagram of a top-emitting type organic electrolumi-
nescent device provided by an embodiment of the
present disclosure. The top-emitting type organic elec-
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troluminescent device can, for example, be arranged on
a substrate 10. The top-emitting type organic electrolu-
minescent device includes an anode 1, an organic func-
tional layer 2, and a cathode 3 that are sequentially
stacked. The cathode 3 includes: a transparent metal
layer 31 disposed on a surface of the organic functional
layer 2 facing away from the anode 1, and a transparent
metal oxide layer 32 disposed on a surface of the trans-
parent metal layer 31 facing away from the organic func-
tional layer 2.
[0029] In the top-emitting type organic electrolumines-
cent device provided by the embodiment of the present
disclosure, the cathode 3 includes a transparent metal
layer 31 disposed on a side of the organic functional layer
2 facing away from the anode and a transparent metal
oxide layer 32 disposed on the transparent metal layer
31. The transparent metal layer 31 can be formed on the
organic functional layer 2 by deposition, which causes
less damage to the organic functional layer 2 than sput-
tering. The transparent metal oxide layer 32 can also be
formed on the transparent metal layer 31 by sputtering,
thereby improving the light transmittance of the cathode
3.
[0030] Therefore, the top-emitting type organic elec-
troluminescent device provided by the embodiment of
the present disclosure can reduce damage to the organic
functional layer 2 when the transparent metal oxide layer
is sputtered, thereby obtaining the cathode with high sta-
bility and high transparence.
[0031] For example, the above organic functional layer
2 can include a hole injection layer, a hole transport layer,
a light emitting layer, an electron transport layer and an
electron injection layer that are sequentially stacked in
the direction from the anode 1 toward the cathode 3, but
the present disclosure is not limited thereto.
[0032] As shown in Fig. 5, the light transmittance of
the cathode 3 provided by the embodiment of the present
disclosure is compared with that of a cathode 3 in the
prior art. The abscissa represents the wavelength of light
and the ordinate represents the light transmittance. L1
represents the light transmittance curve of the cathode
3 provided by the embodiment of the present disclosure,
and L2 represents the light transmittance curve of the
cathode in the prior art. As can be seen from Fig.5, the
maximum light transmittance of the cathode 3 provided
by the embodiment of the present disclosure is about
85%, while the maximum light transmittance of the cath-
ode in the prior art is about 55%. It can be seen that the
cathode 3 provided by the embodiment of the present
disclosure has a higher light transmittance. Moreover,
due to the existence of the transparent metal layer 31,
the cathode 3 provided by the embodiment of the present
disclosure has a lower square resistance.
[0033] As shown in Fig. 2a, Fig. 2b, Fig. 3 and Fig. 4,
the above top-emitting type organic electroluminescent
device can further include a plurality of transparent metal
strips 33 disposed on a surface of the transparent metal
oxide layer 32 facing away from the organic functional

layer. The plurality of transparent metal strips 33 are lo-
cated at least in a non-light emitting region of the organic
electroluminescent device. The disposition of transpar-
ent metal strips 33 can reduce the overall square resist-
ance of the cathode 3 and reduce the absorption efficien-
cy of the cathode 3.
[0034] The plurality of transparent metal strips 33 lo-
cated at least in the non-light emitting region of the or-
ganic electroluminescent device means that at least the
non-light emitting region of the organic electrolumines-
cent device is provided with the transparent metal strips
33, as shown in Fig. 2a, Fig. 2b and Fig. 3.
[0035] Optionally, as shown in Fig. 4, the plurality of
transparent metal strips 33 are located in the non-light
emitting region and the light emitting region of the organic
electroluminescent device. That is, both the non-light
emitting region and the light-emitting region of the organic
electroluminescent device are provided with the trans-
parent metal strips 33. As shown in Fig. 3 and Fig. 4, in
some embodiments, the organic functional layer 2 and
the cathode 3 can also have shapes of a groove or a
curved surface, and the present disclosure is not limited
thereto.
[0036] Optionally, the plurality of transparent metal
strips 33 are arranged in parallel, and a gap of 2.5 mm ∼
5 mm is between two directly adjacent transparent metal
strips 33. For example, the gap can be 2.5 mm, 3 mm,
3.5 mm, 4 mm, 4.5 mm, 5 mm, etc., which will not be enu-
merated herein.
[0037] There can be a plurality of specific arrange-
ments for the plurality of transparent metal strips 33. Op-
tionally, the plurality of transparent metal strips 33 form
a grid structure.
[0038] Optionally, the transparent metal layer 31 has
a thickness of 5 nm ∼ 10 nm. Due to the poor light trans-
parence of the transparent metal layer 31, the thickness
of the transparent metal layer 31 is set to be 5 nm ∼ 10
nm, for example, 5 nm, 5.3 nm, 5.5 nm, 6 nm, 6.5 nm, 7
nm, 8 nm, 9 nm, 10 nm, etc., which will not be enumerated
herein. The transparent metal layer with the above thick-
ness can improve the adhesion of the cathode 3 and
reduce the possibility of forming a resonant cavity with
the transparent metal layer 31.
[0039] Optionally, the material of the transparent metal
layer 31 is a magnesium-silver alloy, it can also be Al, Li,
Ca, In, or an alloy of Al, Li, Ca, In. With a low work function
of magnesium, the transparent metal layer obtains a low
injecting energy barrier. The addition of silver can im-
prove the stability of the transparent metal layer 31, and
can improve the adhesion of the transparent metal layer
31, and then improves the adhesion of the cathode 3.
[0040] Optionally, the transparent metal oxide layer 32
has a thickness of 2 nm ∼ 20 nm. For example, the thick-
ness can be 2 nm, 3 nm, 5 nm, 10 nm, 13 nm, 16 nm, 18
nm, and 20 nm, etc., which will not be enumerated herein.
The transparent metal oxide layer can prevent the oxi-
dation of the relatively thin transparent metal layer 31,
and can improve the light transmittance of the cathode
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3. Since the organic layer 2 may be damaged easily when
the transparent metal oxide layer is sputtered, the thick-
ness of the transparent metal oxide layer is set to be 2
nm ∼ 20 nm.
[0041] Optionally, the material of the transparent metal
oxide layer 32 is Indium-doped ZnO or indium tin oxide
(ITO).
[0042] Optionally, each transparent metal strip 33 has
a thickness of 50 nm ∼ 80 nm. Optionally, the material of
each transparent metal strip 33 is silver.
[0043] An embodiment of the present disclosure fur-
ther provides a display apparatus, which includes the top-
emitting type organic electroluminescent device accord-
ing to any one of the above embodiments. Since the
above top-emitting type organic electroluminescent de-
vice can reduce the damage to the organic functional
layer 2 when the transparent metal oxide layer is sput-
tered and obtain the cathode 3 with high stability and high
transparence, the display apparatus provided by the em-
bodiment of the present disclosure has a good display
effect.
[0044] The display apparatus can be any product or
component with a display function, such as a mobile
phone, a tablet computer, a television, a display, a note-
book computer, a digital photo frame, a navigator, etc.
For the implementation of the display apparatus, refer-
ence can be made to the above embodiment of the top-
emitting type organic electroluminescent device, which
will not be described herein again.
[0045] As shown in Fig. 6, an embodiment of the
present disclosure further provides a method for manu-
facturing a top-emitting type organic electroluminescent
device embodiment the above embodiments. The meth-
od includes the following steps.

Step S601: forming an anode on a substrate. Spe-
cifically, a silver layer or an aluminum layer is sputter-
deposited on the substrate, and the aluminum layer
and the silver layer are highly reflective layers.

Step S602: forming an organic functional layer on a
surface of the anode facing away from the substrate.
The formed organic functional layer can include, for
example, a hole injection layer, a hole transport lay-
er, a light emitting layer, an electron transport layer,
and an electron injection layer.

Step S603: forming a transparent metal layer on a
surface of the organic functional layer facing away
from the anode. The transparent metal layer can be
formed by deposition. The formed transparent metal
layer has a thickness of 5 nm ∼ 10 nm. Due to the
poor light transparence of the transparent metal lay-
er, the thickness of the transparent metal layer is set
to be 5 nm ∼ 10 nm, for example, 5 nm, 5.3 nm, 5.5
nm, 6 nm, 6.5 nm, 7 nm, 8 nm, 9 nm, 10 nm, etc.,
which will not be enumerated herein. The transpar-
ent metal layer with the above thickness can improve

the adhesion of the cathode 3 and reduce the pos-
sibility of forming a resonant cavity with the trans-
parent metal layer 31.

Step S604: forming a transparent metal oxide layer
on a surface of the transparent metal layer facing
away from the organic functional layer. Those skilled
in the art can select the formation method of the
transparent metal oxide layer (for example, deposi-
tion, sputtering, etc.) according to actual require-
ments. The formed transparent metal oxide layer can
have a thickness of 2 nm ∼ 20 nm. For example, the
thickness can be 2 nm, 3 nm, 5 nm, 10 nm, 13 nm,
16 nm, 18 nm, and 20 nm, etc., which will not be
enumerated herein. The transparent metal oxide lay-
er can prevent the oxidation of the thin transparent
metal layer and improve the light transmittance of
the cathode. Since the organic layer 2 may be dam-
aged easily when the transparent metal oxide layer
is sputtered, the thickness of the transparent metal
oxide layer is set to be 2 nm ∼ 20 nm.

[0046] Optionally, the manufacturing method can fur-
ther include: forming a plurality of transparent metal strips
on a surface of the transparent metal oxide layer facing
away from the organic functional layer. The plurality of
transparent metal strips are located at least in a non-light
emitting region of the organic electroluminescent device.
Each transparent metal strip has a thickness of 50 nm ∼
80 nm. The material of each transparent metal strip is
silver, and it can also be Al, Li, Ca, In, etc.
[0047] Optionally, the plurality of transparent metal
strips are arranged in parallel, and a gap of 2.5 mm ∼ 5
mm is between two directly adjacent transparent metal
strips; alternatively, the plurality of transparent metal
strips form a grid structure.
[0048] Apparently, the person skilled in the art can
make various alterations and variations to the present
disclosure without departing the spirit and scope of the
present disclosure. As such, provided that these modifi-
cations and variations of the present disclosure pertain
to the scope of the claims of the present disclosure and
their equivalents, the present disclosure is intended to
embrace these alterations and variations.

Claims

1. A top-emitting type organic electroluminescent de-
vice, comprising: an anode, an organic functional
layer and a cathode stacked sequentially; wherein
the cathode comprises:

a transparent metal layer disposed on a surface
of the organic functional layer facing away from
the anode; and
a transparent metal oxide layer disposed on a
surface of the transparent metal layer facing
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away from the organic functional layer.

2. The top-emitting type organic electroluminescent
device according to claim 1, further comprising: a
plurality of transparent metal strips disposed on a
surface of the transparent metal oxide layer facing
away from the organic functional layer; wherein the
plurality of transparent metal strips are located at
least in a non-light emitting region of the organic elec-
troluminescent device.

3. The top-emitting type organic electroluminescent
device according to claim 2, wherein the plurality of
transparent metal strips are located in the non-light
emitting region and a light emitting region of the or-
ganic electroluminescent device.

4. The top-emitting type organic electroluminescent
device according to claim 3, wherein the plurality of
transparent metal strips are arranged in parallel, and
a gap between two directly adjacent transparent met-
al strips is 2.5mm ∼ 5mm.

5. The top-emitting type organic electroluminescent
device according to claim 3, wherein the plurality of
transparent metal strips form a grid structure.

6. The top-emitting type organic electroluminescent
device according to claim 1, wherein the transparent
metal layer has a thickness of 5 nm ∼ 10 nm.

7. The top-emitting type organic electroluminescent
device according to claim 1, wherein a material of
the transparent metal layer is a magnesium-silver
alloy.

8. The top-emitting type organic electroluminescent
device according to claim 1, wherein the transparent
metal oxide layer has a thickness of 2 nm ∼ 20 nm.

9. The top-emitting type organic electroluminescent
device according to claim 1, wherein a material of
the transparent metal oxide layer is Indium-doped
ZnO or indium tin oxide.

10. The top-emitting type organic electroluminescent
device according to any one of claims 2-9, wherein
each transparent metal strip has a thickness of 50
nm ∼ 80 nm.

11. The top-emitting type organic electroluminescent
device according to claim 10, wherein a material of
each transparent metal strip is silver.

12. A display apparatus, comprising the top-emitting
type organic electroluminescent device according to
any one of claims 1-11.

13. A method for manufacturing the top-emitting type or-
ganic electroluminescent device, comprising:

forming an anode on a substrate;
forming an organic functional layer on a surface
of the anode facing away from the substrate;
forming a transparent metal layer on a surface
of the organic functional layer facing away from
the anode; and
forming a transparent metal oxide layer on a sur-
face of the transparent metal layer facing away
from the organic functional layer.

14. The method according to claim 13, further compris-
ing:
forming a plurality of transparent metal strips on a
surface of the transparent metal oxide layer facing
away from the organic functional layer; wherein the
plurality of transparent metal strips are located at
least in a non-light emitting region of the organic elec-
troluminescent device.

15. The method according to claim 14, wherein the plu-
rality of transparent metal strips are arranged in par-
allel, and a gap of 2.5 mm ∼ 5 mm is between two
directly adjacent transparent metal strips; alterna-
tively, the plurality of transparent metal strips form a
grid structure.
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