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(57) ABSTRACT

Embodiments of the present disclosure disclose an organic
light-emitting display panel and an organic light-emitting
display device. The organic light-emitting display panel
includes: a substrate; a first electrode and a second electrode
that are stacked, wherein the first electrode and the second
electrode are both located on the same side of the substrate;
an organic light-emitting layer, which is located between the
first electrode and the second electrode; an electron transport
layer, which is located between the organic light-emitting
layer and the second electrode; wherein, a rare earth tran-
sitional metal is also contained at any location between the
surface of the second electrode away from the organic
light-emitting layer and the surface of the electron transport
layer near to the organic light-emitting layer.
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ORGANIC LIGHT-EMITTING DISPLAY
PANEL AND DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Chinese Patent
Application No. CN201611153676.X, filed on Dec. 14,
2016 and entitled “ORGANIC LIGHT-EMITTING DIS-
PLAY PANEL AND DEVICE”, the disclosure of which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present application relates to organic light-
emitting display technologies, and in particular, to an
organic light-emitting display panel and an organic light-
emitting display device.

BACKGROUND

[0003] Display without backlight source has technical
advantages such as high contrast, small thickness, large
visual angle and fast reaction speed, etc.. Thus, Organic
Light-Emitting Display (OLED) has become one of the
important development directions of the display industries.
[0004] The existing organic light-emitting display panel
without back lights includes: a cathode, an electron transport
layer, a light-emitting layer, a hole transport layer, an anode
and a substrate. During operation, a bias voltage is applied
between the anode and the cathode of the organic light-
emitting display panel, so that holes and electrons can break
through the interfacial energy barriers and migrate respec-
tively from the hole transport layer and the electron transport
layer to the light-emitting layer, where electrons and holes
recombine to generate excitons. The excitons are unstable,
and energy can be released. The energy is transferred to the
molecules of the organic light-emitting material in the
light-emitting layer, so that the molecules transit from a
ground state to an excited state. The excited state is very
unstable, and thus the excited molecules return to the ground
state from the excited state, so that a light emitting phenom-
enon appears due to radiative transition. In the organic
light-emitting display panel, the number of injected carriers,
as well as the lightness and efficiency of the organic light-
emitting display panel, are determined by the interfacial
energy barrier between the organic material and the elec-
trodes. However, in the existing organic light-emitting dis-
play panel, due to the relatively high interfacial energy
barriers between the electron/hole transport layers and the
cathode/anode, the injection capacity of electrons is small,
causing poor performance of the organic light-emitting
display panel.

SUMMARY

[0005] The present disclosure provides an organic light-
emitting display panel and an organic light-emitting display
device, which is capable of lowering the interfacial energy
barrier between the electron transport layer and the cathode,
hence improve the performance of the organic light-emitting
display panel.

[0006] In a first aspect, embodiments of the present dis-
closure provide an organic light-emitting display panel,
which includes: a substrate; a first electrode and a second
electrode that are stacked, wherein the first electrode and the
second electrode are both located on the same side of the
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substrate; an organic light-emitting layer, which is located
between the first electrode and the second electrode; and an
electron transport layer, which is located between the
organic light-emitting layer and the second electrode; a TFT
layer, which is located between the substrate and the first
electrode; and an encapsulation layer, which is configured to
cover the second electrode; wherein, a rare earth transitional
metal is also contained between the surface of the second
electrode away from the organic light-emitting layer and the
surface of the electron transport layer near to the organic
light-emitting layer.

[0007] In a second aspect, embodiments of the present
disclosure further provide an organic light-emitting display
device, which includes any organic light-emitting display
panel provided in the embodiments of the present disclosure.
[0008] In the embodiments of the present disclosure, the
device further contains a rare earth transition metal between
the surface of the second electrode away from the organic
light-emitting layer and the surface of the electron transport
layer near the organic light-emitting layer, it solves the
problems of the existing organic light-emitting display panel
that the interfacial energy barrier between the electron
transport layer and the cathode is too high and hence the
performance of the organic light-emitting display panel is
poor, thereby lowering the interfacial energy barrier between
the electron transport layer and the cathode of the organic
light-emitting display panel and thus improving the electron
injection capacity and the performance of the organic light-
emitting display panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a structural representation of an organic
light-emitting display panel according to one embodiment of
the present disclosure;

[0010] FIG. 2A-FIG 2D are diagrams showing perfor-
mance parameter of the organic light-emitting display panel
according to the embodiments of the present disclosure vs.
the existing organic light-emitting display panels;

[0011] FIG. 3 is a structural representation of another
organic light-emitting display panel according to one
embodiment of the present disclosure;

[0012] FIG. 4 is a structural representation of vet another
organic light-emitting display panel according to one
embodiment of the present disclosure;

[0013] FIG. 5 is a structural representation of yet another
organic light-emitting display panel according to one
embodiment of the present disclosure;

[0014] FIG. 6 is a structural representation of vet another
organic light-emitting display panel according to one
embodiment of the present disclosure;

[0015] FIG. 7 is a structural representation of yet another
organic light-emitting display panel according to one
embodiment of the present disclosure;

[0016] FIG. 8 is a structural representation of yet another
organic light-emitting display panel according to one
embodiment of the present disclosure; and

[0017] FIG. 9 is a structural representation of an organic
light-emitting display device according to one embodiment
of the present disclosure.

DETAILED DESCRIPTION

[0018] The present disclosure will be further illustrated in
detail in conjunction with the drawings and embodiments. It
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may be understood that, the specific embodiments described
here are only set for explaining, rather than limiting the
present disclosure. Additionally, it further needs to be noted
that, for convenient description, the drawings only show the
parts related to the disclosure, rather than the whole con-
tents.

[0019] Oneembodiment of the present disclosure provides
an organic light-emitting display panel. The organic light-
emitting display panel includes: a substrate; a first electrode
and a second electrode that are stacked, wherein the first
electrode and the second electrode are both located on one
side of the substrate; an organic light-emitting layer, which
is located between the first electrode and the second elec-
trode; an electron transport layer, which is located between
the organic light-emitting layer and the second electrode;
wherein, a rare earth transitional metal is further contained
between the surface of the second electrode away from the
organic light-emitting layer and the surface of the electron
transport layer near to the organic light-emitting layer. The
first electrode is an anode, and the second electrode is a
cathode.

[0020] Optionally, the volume percent of the rare earth
transitional metal is smaller than or equal to 3%. Exemplar-
ily, the rare earth transitional metal comprises ytterbium
(Yb). According to the Fowler-Nordheim (FN) tunneling
model, in such an arrangement, the interfacial energy barrier
between the electron transport layer and the second elec-
trode may be lowered.

[0021] In the organic light-emitting display panel accord-
ing to the embodiment of the present disclosure, by further
containing a rare earth transitional metal between the surface
of the second electrode away from the organic light-emitting
layer and the surface of the electron transport layer near to
the organic light-emitting layer, it solves the problem in the
existing organic light-emitting display panel that the inter-
facial energy barrier between the electron transport layer and
the cathode is too high and hence the performance of the
organic light-emitting display panel is poor, thereby lower-
ing the interfacial energy barrier between the electron trans-
port layer and the cathode of the organic light-emitting
display panel and hence improving the electron injection
capacity and the performance of the organic light-emitting
display panel.

[0022] FIG. 1 is a structural representation of an organic
light-emitting display panel according to one embodiment of
the present disclosure. Referring to FIG. 1, the organic
light-emitting display panel includes: a substrate 10; a first
electrode 11 and a second electrode 12 that are stacked,
wherein the first electrode 11 and the second electrode 12 are
both located on one side of the substrate 10; an organic
light-emitting layer 13, which is located between the first
electrode 11 and the second electrode 12; and an electron
transport layer 14, which is located between the organic
light-emitting layer 13 and the second electrode 12. The first
electrode 11 is located between the second electrode 12 and
the substrate 10. A rare earth transitional metal is further
contained between the surface AA of the second electrode 12
away from the organic light-emitting layer 13 and the
surface BB of the electron transport layer 14 near to the
organic light-emitting layer 13. The first electrode 11 is an
anode, and the second electrode 12 is a cathode.

[0023] Referring to FIG. 1, there are several methods for
providing a rare earth transitional metal between the surface
AA of the second electrode 12 away from the organic
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light-emitting layer 13 and the surface BB of the electron
transport layer 14 near the organic light-emitting layer 13.
For example, a rare earth transitional metal is doped into the
second electrode 12, a rare earth transitional metal is doped
into the electron transport layer 14, a rare earth transitional
metal layer is provided between the second electrode 12 and
the electron transport layer 14, or a compound or a mixture,
etc., of a rare earth transitional metal is doped into the
second electrode 12.

[0024] In the existing organic light-emitting display pan-
els, the cathode generally employs a magnesium-silver alloy
Mg—Ag, and the two partial devices of the organic light-
emitting display panel are manufactured respectively, where
the cathode in the first device employs a magnesium-silver
alloy, and the cathode in the second device employs a
silver-ytterbium alloy. After researching on the electron
injection capacity of the two devices, the result thereof is as
shown in FIG. 2A. In FIG. 2A, the horizontal coordinate
represents the current density J of the device, with a unit of
milliampere per square centimeter (mA/cm?), and the ver-
tical coordinate represents the voltage U of the device, with
a unit of Volt (V). Referring to FIG. 2A, under the same
current density J, the voltage U of the second device A is
much lower than the voltage U of the first device, indicating
that the introduction of the active metal ytterbium positively
helps to lower the interfacial energy barrier and hence
facilitates the injection of electrons.

[0025] For example, in the case where ytterbium is doped
into the second electrode 12 of the organic light-emitting
display panel provided in FIG. 1, a research will be made
below on the performance parameters that may be used for
characterizing the performance of an improved organic
light-emitting display panel D, and the result thereof will be
shown in FIGS. 2B-2D. FIGS. 2B-2D further include the
performance parameters of an existing organic light-emit-
ting display panel C.

[0026] InFIG. 2B, the horizontal coordinate represents the
current density J of the organic light-emitting display panel,
with a unit of milliampere per square centimeter (mA/cm?),
and the vertical coordinate represents the bias voltage U
applied to the organic light-emitting display panel, with a
unit of Volt (V). It may be found from FIG. 2B that, under
the same current density I, the bias voltage U required for
the improved organic light-emitting display panel D is much
lower than the bias voltage U required for the existing
organic light-emitting display panels C. This indicates that
doping an active metal ytterbium (Yb) into the second
electrode 12 positively helps to lower the interfacial energy
barrier between the electron transport layer and the cathode,
facilitate the injection of electrons from the second electrode
12, facilitates the carrier balance in the organic light-emit-
ting display panel, and hence lowers the working voltage
(i.e., the bias voltage) of the organic light-emitting display
panel.

[0027] InFIG. 2C, the horizontal coordinate represents the
current density J of the organic light-emitting display panel,
and the vertical coordinate represents the light-emitting
efficiency E of the organic light-emitting display panel, with
a unit of candela per ampere (cd/A). Referring to FIG. 2C,
under the same current density J, the light-emitting effi-
ciency E of the improved organic light-emitting display
panel D is significantly higher than the light-emitting effi-
ciency E of the existing organic light-emitting display panels
C. This indicates that doping an active metal Yb into the
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second electrode 12 positively helps to improve the perfor-
mance of the organic light-emitting display panel.

[0028] InFIG. 2D, the horizontal coordinate represents the
working time T of the organic light-emitting display panel,
with a unit of hour (h), and the vertical coordinate represents
the ratio of the light-emitting lightness L to the initial
lightness L, of the organic light-emitting display panel.
Referring to FIG. 2D, during the process in which the
lightness L of the improved organic light-emitting display
panel D attenuates from the initial lightness L, (the corre-
sponding vertical coordinate is 100%) to 75% of the initial
lightness L, (the corresponding vertical coordinate is 75%),
the working time T of the improved organic light-emitting
display panel D is about 370 h, and the working time T of
the existing organic light-emitting display panels C is about
160 h, so that the working time T of the improved organic
light-emitting display panel D is much longer than the
working time T of the existing organic light-emitting display
panels C. This indicates that, compared with the existing
organic light-emitting display panels C, the lifetime of the
improved organic light-emitting display panel D is much
longer. In other words, doping an active metal Yb into the
second electrode 12 positively helps to prolong the lifetime
of the organic light-emitting display panel.

[0029] During specific design, the organic light-emitting
display panel may be designed as a top emission mode or a
bottom emission mode, etc.

[0030] Exemplarily, as shown in FIG. 3, the light-emitting
mode of the organic light-emitting display panel is the top
emission, where the first electrode 11 includes a first con-
ductive transparent film 111, a second conductive transpar-
ent film 112 and a reflective film 113 located between the
first conductive transparent film 111 and the second conduc-
tive transparent film 112, wherein the material of the second
electrode 12 is silver or a silver-containing alloy. Optionally,
during specific design, the material and the thickness of each
film layer of the first electrode 11 may vary, so long as it can
guarantee that the first electrode 11 has an excellent hole
injection capacity and an excellent reflection effect. For
example, the material of the first conductive transparent film
111 and the second conductive transparent film 112 in the
first electrode 11 may be tin indium oxide or zinc indium
oxide, the material of the reflective film 113 may be silver
or a silver-containing alloy, and the thickness of the reflec-
tive film 113 may be 50 nm-150 nm. The thickness of the
second electrode 12 may vary, so long as it can guarantee
that the second electrode 12 has an excellent electron
injection capacity and a good light transmittance. For
example, the material of the second electrode may be a
silver-containing alloy, where the volume percent of silver is
greater than or equal to 80%, and the thickness of the second
electrode may be 10 nm-20 nm. After formed in the organic
light-emitting layer 13, the light is emitted out via the
electron transport layer 14 and the second electrode 12.
[0031] FIG. 4 is a structural representation of yet another
organic light-emitting display panel according to one
embodiment of the present disclosure. Referring to FIG. 4,
the light-emitting mode of the organic light-emitting display
panel is the bottom emission, where, the material of the first
electrode 11 is a conductive transparent material, and the
material of the second electrode 12 may be silver or a
silver-containing alloy. Optionally, during specific design,
the material and the thickness of the first electrode 11 may
vary, so long as it can guarantee that the first electrode 11 has

Sep. 28,2017

an excellent hole injection capacity and a good light trans-
mittance. For example, the material of the conductive trans-
parent film that forms the first electrode 11 may be tin
indium oxide or zinc indium oxide. The thickness of the
second electrode 12 may vary, so long as it can guarantee
that the second electrode 12 has an excellent electron
injection capacity and a good reflection effect. For example,
the material of the second electrode 11 may be a silver-
containing alloy, where the volume percent of silver is
greater than or equal to 80%, and the thickness of the second
electrode may be 50 nm-150 nm. After formed on the
organic light-emitting layer 13, the light is emitted out via
the first electrode 11 and the substrate 10.

[0032] FIG. 5 is a structural representation of yet another
organic light-emitting display panel according to one
embodiment of the present disclosure. In comparison with
FIG. 4, in the organic light-emitting display panel in FIG. 5,
the second electrode 12 is located between the first electrode
11 and the substrate 10. Similarly, during specific design, the
organic light-emitting display panel may be designed as the
top emission mode or the bottom emission mode, etc.
[0033] Referring to FIG. 5, the light-emitting mode of the
organic light-emitting display panel is the top emission,
where the material of the first electrode 11 is a conductive
transparent material, and the material of the second electrode
12 may be silver or a silver-containing alloy. Optionally,
during specific design, the material and the thickness of the
first electrode 11 may vary, so long as it can guarantee that
the first electrode 11 has an excellent hole injection capacity
and a good light transmittance. For example, the material of
the conductive transparent film that forms the first electrode
11 may be tin indium oxide or zinc indium oxide. The
thickness of the second electrode 12 may vary, so long as it
can guarantee that the second electrode 12 has an excellent
electron injection capacity and a good reflection effect. For
example, the material of the second electrode 11 may be a
silver-containing alloy, where the volume percent of silver is
greater than or equal to 80%, and the thickness of the second
electrode may be 50 nm-150 nm. After formed on the
organic light-emitting layer 13, the light is emitted out via
the first electrode 11.

[0034] FIG. 6 is a structural representation of yet another
organic light-emitting display panel according to one
embodiment of the present disclosure. Referring to FIG. 6,
the light-emitting mode of the organic light-emitting display
panel is the bottom emission, where the first electrode 11
includes a first conductive transparent film 111, a second
conductive transparent film 112 and a reflective film 113
located between the first conductive transparent film 111 and
the second conductive transparent film 112, and the material
of the second electrode 12 may be silver or a silver-
containing alloy. Optionally, during specific design, the
material and the thickness of each film layer of the first
electrode 11 may vary, so long as it can guarantee that the
first electrode 11 has an excellent hole injection capacity and
an excellent reflection effect. For example, the material of
the first conductive transparent film 111 and the second
conductive transparent film 112 in the first electrode 11 may
be tin indium oxide or zinc indium oxide, the material of the
reflective film 113 may be silver or a silver-containing alloy,
and the thickness of the reflective film 113 may be 50
nm-150 nm. The thickness of the second electrode 12 may
vary, so long as it can guarantee that the second electrode 12
has an excellent electron injection capacity and a good light
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transmittance. For example, the material of the second
electrode may be a silver-containing alloy, wherein the
volume percent of silver is greater than or equal to 80%, and
the thickness of the second electrode may be 10 nm-20 nm.
After formed on the organic light-emitting layer 13, the light
is emitted out via the electron transport layer 14 and the
second electrode 12.

[0035] Based on the above technical solutions, the mate-
rial of the organic light-emitting layer 13 may include a red
light-emitting material, a green light-emitting material and a
blue light-emitting material. In use, optionally, the light
emitted by the red light-emitting material, the light emitted
by the green light-emitting material and the light emitted by
the blue light-emitting material are mixed to obtain white
light.

[0036] Moreover, referring to FIG. 7, the organic light-
emitting display panel may further include a color barrier
layer 15, which is provided on the light exiting side of the
organic light-emitting display panel to convert the white
light emitted by the organic light-emitting display panel into
colored light.

[0037] Typically, the red light-emitting material and the
green light-emitting material may include phosphorescent
materials, and the blue light-emitting material may include
fluorescent materials. The fluorescent material may include
a thermally-activated prolonged fluorescent material.
[0038] FIG. 8 shows another organic light-emitting dis-
play panel according to one embodiment of the present
disclosure. Referring to FIG. 8. the organic light-emitting
display panel may further include a hole transport layer 16,
which is located between the first electrode 11 and the
organic light-emitting layer 13.

[0039] Embodiments of the present disclosure further pro-
vide an organic light-emitting display device. FIG. 9 is a
structural representation of an organic light-emitting display
device according to one embodiment of the present disclo-
sure. Referring to FIG. 9, the organic light-emitting display
device 101 includes any of the organic light-emitting display
panels according to the embodiments of the present disclo-
sure. Specifically, the organic light-emitting display device
may be a mobile phone, a notebook computer, an intelligent
wearable device and an information inquiry machine in a
public hall.

[0040] In the organic light-emitting display device accord-
ing to the embodiments of the present disclosure, by further
containing a rare earth transitional metal between the surface
of the second electrode away from the organic light-emitting
layer and the surface of the electron transport layer near to
the organic light-emitting layer in its internal organic light-
emitting display panel, it solves the problems of the existing
organic light-emitting display panel that the interfacial
energy barrier between the electron transport layer and the
cathode is too high and hence the performance of the organic
light-emitting display panel is poor, thereby lowering the
interfacial energy barrier between the electron transport
layer and the cathode of the organic light-emitting display
panel and improving the electron injection capacity and the
performance of the organic light-emitting display panel.
[0041] Tt should be noted that the embodiments of the
present disclosure and the technical principles used therein
are described as above. It should be appreciated that the
disclosure is not limited to the particular embodiments
described herein, and any apparent alterations, modification
and substitutions can be made without departing from the
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scope of protection of the disclosure. Accordingly, while the
disclosure is described in detail through the above embodi-
ments, the disclosure is not limited to the above embodi-
ments and can further include other additional embodiments
without departing from the concept of the disclosure.

What is claimed is:

1. An organic light-emitting display panel, comprising:

a substrate;

a first electrode and a second electrode that are stacked,
wherein the first electrode and the second electrode are
both located on one side of the substrate;

an organic light-emitting layer, which is located between
the first electrode and the second electrode; and

an electron transport layer, which is located between the
organic light-emitting layer and the second electrode;

a TFT layer, which is located between the substrate and
the first electrode; and

an encapsulation layer, which is configured to cover the
second electrode;

wherein, a rare earth transitional metal is contained
between the surface of the second electrode away from
the organic light-emitting layer and the surface of the
electron transport layer near to the organic light-emit-
ting layer.

2. The organic light-emitting display panel according to
claim 1, wherein, the volume percent of the rare earth
transitional metal is smaller than or equal to 3%.

3. The organic light-emitting display panel according to
claim 1, wherein, the rare earth transitional metal comprises
ytterbium.

4. The organic light-emitting display panel according to
claim 1, wherein the first electrode is located between the
second electrode and the substrate.

5. The organic light-emitting display panel according to
claim 4, wherein a first light-emitting mode of the organic
light-emitting display panel is a top emission, wherein the
first electrode comprises a first conductive transparent film,
a second conductive transparent film, and a reflective film
located between the first conductive transparent film and the
second conductive transparent film, and wherein a material
of the second electrode comprises silver, silver-containing
alloy.

6. The organic light-emitting display panel according to
claim 4, wherein a second light-emitting mode of the organic
light-emitting display panel is a bottom emission, wherein
the first electrode is made of a conductive transparent
material, and the material of the second electrode is silver or
silver-containing alloy.

7. The organic light-emitting display panel according to
claim 1, wherein, the second electrode is located between
the first electrode and the substrate.

8. The organic light-emitting display panel according to
claim 7, wherein, a first light-emitting mode of the organic
light-emitting display panel is a top emission, wherein the
first electrode is made of a conductive transparent material,
and the material of the second electrode is silver or silver-
containing alloy.

9. The organic light-emitting display panel according to
claim 7, wherein, a second light-emitting mode of the
organic light-emitting display panel is a bottom emission,
wherein the first electrode comprises a first conductive
transparent film, a second conductive transparent film and a
reflective film located between the first conductive transpar-
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ent film and the second conductive transparent film, and the
material of the second electrode is silver or silver-containing
alloy.

10. The organic light-emitting display panel according to
claim 5, wherein:

in the first electrode, the material of the first conductive

transparent film and the second conductive transparent
film is tin indium oxide or zinc indium oxide, the
material of the reflective film is silver or silver-con-
taining alloy, and the thickness of the reflective film is
50 nm-150 nm.

11. The organic light-emitting display panel according to
claim 5, wherein:

the material of the second electrode is a silver-containing

alloy in which the volume percent of silver is greater
than or equal to 80%, and the thickness of the second
electrode is 10 nm-20 nm.

12. The organic light-emitting display panel according to
claim 6, wherein, the material of the conductive transparent
film is tin indium oxide or zinc indium oxide.

13. The organic light-emitting display panel according to
claim 6, wherein:

the material of the second electrode is a silver-containing

alloy in which the volume percent of silver is greater
than or equal to 80%, and the thickness of the second
electrode is 50 nm-150 nm.

14. The organic light-emitting display panel according to
claim 1, wherein, the material of the organic light-emitting
layer comprises a red light-emitting material, a green light-
emitting material and a blue light-emitting material.

15. The organic light-emitting display panel according to
claim 14, wherein, the light emitted by the red light-emitting
material, the light emitted by the green light-emitting mate-
rial and the light emitted by the blue light-emitting material
are mixed to obtain white light.

16. The organic light-emitting display panel according to
claim 15, further comprising: a color barrier layer, which is
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provided on the light exiting side of the organic light-
emitting display panel to convert the white light emitted by
the organic light-emitting display panel into color light via
the color barrier layer.

17. The organic light-emitting display panel according to
claim 14, wherein, the red light-emitting material and the
green light-emitting material comprise phosphorescent
material, and the blue light-emitting material comprises
fluorescent material.

18. The organic light-emitting display panel according to
claim 17, wherein, the fluorescent material comprises ther-
mally-activated delayed fluorescent material.

19. The organic light-emitting display panel according to
claim 1, further comprising: a hole transport layer, which is
located between the first electrode and the organic light-
emitting layer.

20. An organic light-emitting display device, comprising
an organic light-emitting display panel, wherein the organic
light-emitting display panel comprises:

a substrate;

a first electrode and a second electrode that are stacked,
wherein the first electrode and the second electrode are
both located on one side of the substrate;

an organic light-emitting layer, which is located between
the first electrode and the second electrode; and

an electron transport layer, which is located between the
organic light-emitting layer and the second electrode;

a TFT layer, which is located between the substrate and
the first electrode; and

an encapsulation layer, which is configured to cover the
second electrode;

wherein, a rare earth transitional metal is contained
between the surface of the second electrode away from
the organic light-emitting layer and the surface of the
electron transport layer near to the organic light-emit-
ting layer.
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