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(57) ABSTRACT

The application discloses an organic light-emitting diode for
a display panel. The organic light-emitting diode includes an
anode, a cathode, at least two emitting layers arranged
between the anode and the cathode, and a charge generation
layer arranged between every two adjacent emitting layers,
wherein the charge generation layer includes a first layer unit
and a second layer unit which are arranged in sequence, the
first layer unit includes a hole injection material and a P-type
semiconductor material doped in the hole injection material,
and the second layer unit includes an electron transport
material and ytterbium doped in the electron transport
material, wherein a volume concentration of ytterbium
doped in the electron transport material ranges from 1% to
5%.
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ORGANIC LIGHT-EMITTING DIODE,
DISPLAY PANEL AND DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Chinese Patent
Application No. CN201710632927.0, filed on Jul. 28, 2017,
the entire content of which is incorporated herein by refer-
ence.

FIELD

[0002] This application relates to the technical field of
display, and in particular to an organic light-emitting diode,
a display panel and a display device.

BACKGROUND

[0003] With advantages of low drive voltage, high lumi-
nous brightness, high luminous efficiency, wide luminous
viewing angle, high response speed, ultrathin shape, light
weight and compatible flexible substrate, Organic Light-
Emitting Diode (OLED) occupies an important position in
the field of display.

[0004] The structure of the organic light-emitting diode
usually includes a substrate, an anode, a Hole Injection
Layer (HIL), a Hole Transport Layer (HTL), an Emitting
Layer (EML), an Electron Transport Layer (ETL), an Elec-
tron Injection Layer (EIL) and a cathode which are arranged
in sequence in an overlaying manner. The emitting unit of
the structure can form an energy level state in a ladder form,
such that the holes and electrons can be easily transported to
the emitting layer, where the HIL, HTL, EML, ETL and EIL
are all organic-material layers.

[0005] However in the current technologies, the drive
voltage of the organic light-emitting diode is higher than
previous display devices, the luminous efficiency is lower,
and the performance of the organic light-emitting diodes
needs to be further improved.

SUMMARY

[0006] The embodiment of the present disclosure is to
provide an organic light-emitting diode, a display panel and
a display device, so as to lower the drive voltage of the
organic light-emitting diode and improve the luminous
efficiency of the organic light-emitting diode.

[0007] The organic light-emitting diode according to an
embodiment of the present disclosure includes an anode, a
cathode, at least two emitting layers arranged between the
anode and the cathode, and a charge generation layer
arranged between every two adjacent emitting layers, where
the charge generation layer includes a first layer unit and a
second layer unit which are arranged in sequence along the
direction far away from the cathode, the first layer unit
includes a hole injection material and a P-type semiconduc-
tor material doped in the hole injection material, and the
second layer unit includes an electron transport material
doped with ytterbium, where a volume concentration of
ytterbium dopants in the electron transport material ranges
from 1% to 5%; the P-type semiconductor material includes
the following compound:
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X3

F n

X5

[0008] where n is an integer greater than or equal to 1, X,
X, and X, each has an independent structure of

CN;

H R

R' is selected from any one of substituted aryl and substi-
tuted hetero aryl, and the substituent in the substituted aryl
and substituted hetero aryl at least includes one electron
acceptor group.

[0009] The embodiment of the present disclosure further
provides a display panel, and the display panel includes an
organic light-emitting diode. The organic light-emitting
diode includes an anode, a cathode, at least two emitting
layers arranged between the anode and the cathode, and a
charge generation layer arranged between every two adja-
cent emitting layers, where the charge generation layer
includes a first layer unit and a second layer unit which are
arranged in sequence along the direction far away from the
cathode, the first layer unit includes a hole injection material
and a P-type semiconductor material doped in the hole
injection material, and the second layer unit includes an
electron transport material and ytterbium doped in the
electron transport material, where a volume concentration of
ytterbium doped in the electron transport material ranges
from 1% to 5%; the P-type semiconductor material includes
the following compound:

X 1\
X3
X2/

[0010] where n is an integer greater than or equal to 1, X,
X, and X each has an independent structure of

n

CN;

i

: R

R' is selected from any one of substituted aryl and substi-
tuted hetero aryl, and the substituent in the substituted aryl
and substituted hetero aryl at least includes one electron
acceptor group.

[0011] The embodiment of the present disclosure further
provides a display device, and the display device includes a
display panel. The display panel includes an organic light-
emitting diode. The organic light-emitting diode includes an
anode, a cathode, at least two emitting layers arranged
between the anode and the cathode, and a charge generation
layer arranged between every two adjacent emitting layers,
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where the charge generation layer includes a first layer unit
and a second layer unit which are arranged in sequence
along the direction far away from the cathode, the first layer
unit includes a hole injection material and a P-type semi-
conductor material doped in the hole injection material, and
the second layer unit includes an electron transport material
and ytterbium doped in the electron transport material,
where a volume concentration of ytterbium doped in the
electron transport material ranges from 1% to 5%; the P-type
semiconductor material includes the following compound:

X

x
X3

Pa "

X5

[0012] where n is an integer greater than or equal to 1, X,
X, and X each has an independent structure of

CN;

H R

R' is selected from any one of substituted aryl and substi-
tuted hetero aryl, and the substituent in the substituted aryl
and substituted hetero aryl at least includes one electron
acceptor group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a conventional schematic structural dia-
gram of an organic light-emitting diode;

[0014] FIG. 2 is a conventional schematic structural dia-
gram of another organic light-emitting diode;

[0015] FIG. 3 is a conventional schematic structural dia-
gram of still another organic light-emitting diode;

[0016] FIG. 4 is a conventional schematic structural dia-
gram of yet another organic light-emitting diode;

[0017] FIG. 5 is a schematic structural diagram of an
organic light-emitting diode in an embodiment of the present
disclosure;

[0018] FIG. 6 is a schematic structural diagram of a
display device in an embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0019] In order to lower the drive voltage of the organic
light-emitting diode and improve the luminous efficiency of
the organic light-emitting diode, embodiments of the present
disclosure provide an organic light-emitting diode, a display
panel and a display device. In order to make the objective,
technical solution and advantages of the present disclosure
clearer, the present disclosure will be further described in
detail below with the embodiments as examples.

[0020] As shown in FIG. 5, the organic light-emitting
diode according to an embodiment of the present disclosure
includes an anode 100, a cathode 200, at least two emitting
layers 3 arranged between the anode 100 and the cathode
200, and a charge generation layer 4 arranged between every
two adjacent emitting layers 3.
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[0021] The charge generation layer 4 includes a first layer
unit 410 and a second layer unit 420 which are arranged in
sequence along the direction far away from the cathode 200.
The first layer unit 410 includes a hole injection material and
a P-type semiconductor material doped in the hole injection
material, and the second layer unit 420 includes an electron
transport material doped with ytterbium, where the volume
concentration of ytterbium doped in the electron transport
material ranges from 1% to 5%;

[0022] The P-type semiconductor material includes the
following compound:

X 1\
X3
/ n

X5

[0023] Where nis an integer greater than or equal to 1, X,
X, and X; all independently have a structure of

CN;

: R

R' is selected from any one of substituted aryl and substi-
tuted hetero aryl, and the substituent in the substituted aryl
and substituted hetero aryl at least includes one electron
acceptor group.

[0024] Where the above substituted aryl can include sub-
stituted phenyl, substituted xenyl, substituted naphthyl, sub-
stituted methyl phenyl, or substituted ethyl phenyl, etc.
[0025] Where the above substituted hetero aryl can
include substituted pyridyl, substituted furyl, substituted
pyrryl, substituted thienyl, substituted thiazolyl or substi-
tuted pyranyl, etc.

[0026] Firstly, in the embodiment of the present disclo-
sure, the second layer unit 420 of the charge generation layer
includes vtterbium material doped in the electron transport
material, and forms a P-I-N structure together with the first
layer unit 410. The charge generation layer is arranged
between emitting layers to lower the injection energy barrier
of the holes and electrons. In addition, the electronic mobil-
ity of the ytterbium material is high, the electron injection
capability of the organic light-emitting diode can be
improved, then more electrons migrate to the emitting layer,
thereby balancing the quantity of the electrons and the
quantity of the holes in the emitting layer, and improving the
luminous efficiency of the organic light-emitting diode.
[0027] Secondly, in the embodiment of the present disclo-
sure, the P-type semiconductor material includes the com-
pound

X 1\

X3

F

X5 n

the compound is a radialene compound. Radialenes are
alicyclic organic compounds containing n cross-conjugated
exocyclic double bonds. The double bonds are commonly
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alkene groups but those with a carbonyl (C=0) group are
also called radialenes. The radialene compound can be used
as an organic dopant doped with organic semiconductor to
change the electrical property of the semiconductor matrix
material, as a blocker material and a charge injection layer,
and as an electrode material. The compound of the present
embodiment is connected with an electron acceptor group—
CN (any chemical compound that contains a carbon atom
triple-bonded to a nitrogen atom) which has a strong elec-
tron withdrawing capability, thereby being beneficial for
generating more holes. In the embodiment of the present
disclosure, the P-type semiconductor material includes the
compound, then the hole injection capability of the first layer
unit 410 can be improved, and the holes and electrons can
be migrated to the emitting layer under a lower voltage,
thereby lowering the drive voltage of the organic light-
emitting diode, and reducing the power consumption of the
organic light-emitting diode.

[0028] Thirdly, in the embodiment of the present disclo-
sure, ytterbium doped in the electron transport material can
improve the electron transport capability of the electron
transport material, such that a large number of electrons can
be migrated to the emitting layer. The hole injection and
transport capability of the first layer unit 410 and the
electron injection and transport capability of the second
layer unit 420 are all improved, then the quantity of holes
and the quantity of electrons migrated to the emitting layer
are large and balanced, and the holes and the electrons can
be combined to generate more carriers, thereby improving
the luminous efficiency of the organic light-emitting diode.
[0029] Several types of organic light-emitting diodes are
available in the prior art, however, they all have certain
defects, for example.

[0030] FIG. 1 is a conventional schematic structural dia-
gram of an organic light-emitting diode. The organic light-
emitting diode includes a cathode 11, an electron injection
layer 12, an electron transport layer 13, a white organic
emitting layer 14, a hole transport layer 15, a hole injection
layer 16 and an anode 17 which are arranged in sequence.
The organic light-emitting diode is provided with a single-
layer white organic emitting layer, but few materials are
available for fabricating the white organic emitting layer,
and the materials with high efficiency and low voltage are
difficult to be obtained.

[0031] FIG. 2 is a conventional schematic structural dia-
gram of another organic light-emitting diode. The organic
light-emitting diode includes a cathode 21, an electron
injection layer 22, an electron transport layer 23, an organic
emitting layer 24, a hole transport layer 25, a hole injection
layer 26 and an anode 27 which are arranged in sequence.
The organic light-emitting diode includes an organic emit-
ting layer, the organic emitting layer is fabricated with
multiple light-emitting materials being doped together, e.g.,
two light-emitting materials are doped into one organic
emitting layer. When the organic emitting layer is fabricated,
the process for adjusting the doping components of each
material is complex, and it is difficult to adjust to a high-
efficiency state.

[0032] FIG. 3 is a conventional schematic structural dia-
gram of still another organic light-emitting diode. The
organic light-emitting diode includes a cathode 31, an elec-
tron injection layer 32, an electron transport layer 33, a first
emitting layer 341, a second emitting layer 342, a hole
transport layer 35, a hole injection layer 36 and an anode 37
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which are arranged in sequence. The organic light-emitting
diode includes at least two organic emitting layers, and the
above at least two emitting layers are arranged to be adjacent
to each other. For the organic light-emitting diode adopting
such a structure, with the change of the drive voltage, the
quantity of the electrons and the quantity of the holes
injected into each emitting layer are also changed, and then
the light-emitting recombination center is moved, thereby
leading to unstable luminous color and poorer luminous
effect.

[0033] FIG. 4 is a conventional schematic structural dia-
gram of yet another organic light-emitting diode. The
organic light-emitting diode includes a cathode 41, an elec-
tron injection layer 42, an electron transport layer 43, a first
emitting layer 441, a charge generation layer 443, a second
emitting layer 442, a white organic emitting layer 44, a hole
transport layer 45, a hole injection layer 46 and an anode 47
which are arranged in sequence. The organic light-emitting
diode includes at least two organic emitting layers, and a
charge generation layer is arranged between every two
adjacent organic emitting layers. Compared with the above
three organic light-emitting diodes, the organic light-emit-
ting diode adopting such a structure has the advantages of
favorable color stability, high efficiency and long service
life. Therefore, those skilled in the art pay more attention to
the research and development of overlaid organic light-
emitting diode.

[0034] However, the organic light-emitting diode shown
in FIG. 4 also has some defects: since the conductivity of
electrons of most organic materials is far less than the
conductivity of holes, such that the quantity of the electrons
and the quantity of the holes in the emitting layer are not
balanced, and the recombination efliciency of excitons is
lower, so the drive voltage of the organic light-emitting
diode is higher, the luminous efficiency is lower and the
performance of the organic light-emitting diode needs to be
further improved.

[0035] FIG. 5 is a schematic structural diagram of the
organic light-emitting diode in an embodiment of the present
disclosure. The organic light-emitting diode includes a cath-
ode 200, an electron injection layer 1, an electron transport
layer 2, a first emitting layer 310, a first layer unit 410, a
second layer unit 420, a second emitting layer 320, a hole
transport layer 5, a hole injection layer 6 and an anode 100
which are arranged in sequence. Compared with the organic
light-emitting diodes in the prior art, the organic light-
emitting diode in the present embodiment has numerous
advantages, more apparently, the organic light-emitting
diode can enable more electrons to migrate to the emitting
layer, so as to balance the quantity of the electrons and the
quantity of the holes in the emitting layer, improve the
luminous efficiency of the organic light-emitting diode and
lower the drive voltage of the organic light-emitting diode.
[0036] Comparative analysis experiments have been per-
formed using different materials for the charge generation
layer of the organic light-emitting diodes. In these experi-
ments, the drive voltage and luminous efliciency of each
organic light-emitting diode were analyzed. The influence of
doping the P-type semiconductor material in the hole injec-
tion material and doping ytterbium in the electron transport
material over the drive voltage and luminous efficiency of
the organic light-emitting diode was understood. Specifi-
cally, three groups of organic light-emitting diodes were
selected for experiments. The first group: the first layer unit



US 2018/0166509 A1

includes the hole injection material and the P-type semicon-
ductor material doped in the hole injection material, and the
second layer unit includes the electron transport material and
ytterbium doped in the electron transport material; the
second group: the first layer unit includes hole injection
material and P-type semiconductor material doped in the
hole injection material, and the second layer unit includes
the electron transport material; and the third group: the first
layer unit includes hole injection material, and the second
layer unit includes the electron transport material and ytter-
bium doped in the electron transport material. The data
record of the experiment is as shown in Table I.

Drive Luminous
Name voltage/V efficiency/%
First group 7.21 11.59
Second group 8.65 10.01
Third group 8.32 9.58

Table 1 is an Experimental Data Record Table of
Comparative Analysis of Material Selection of the
Charge Generation Layer

[0037] It should be noted that, the P-type semiconductor
material mentioned in the above comparative analysis
experiment includes a compound

X 1\

X3

F

X7 n

Tt can be seen from the experiment data of Table I that, when
the charge generation layer includes P-type semiconductor
material doped in the hole injection material and ytterbium
doped in the electron transport material, the drive voltage
required by the organic light-emitting diode is small and the
luminous efficiency is high.

[0038] Specifically, through numerous experiments and
calculations, the inventor discovered that when the volume
concentration of ytterbium material doped in the electron
transport material ranges from 1% to 5%, the effect of
lowering the drive voltage of the organic light-emitting
diode is favorable, and the degree by which the luminous
efficiency is improved is high. Specifically, aiming at dif-
ferent volume concentrations of ytterbium material doped in
the electron transport material, the inventor conducted a
comparative analysis experiment on the drive voltage and
luminous efficiency of organic light-emitting diode. In the
experiment, the volume concentration of 5% of the P-type
semiconductor material doped in the hole injection material
is selected to be unchanged, while the volume concentration
of ytterbium material doped in the electron transport mate-
rial is changed. Specifically, the volume concentrations of
ytterbium material doped in the electron transport material
are respectively selected to be 0.5%, 1%, 3%, 5% and 8%,
and the data record of the experiment is as shown in Table
1.
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Doping concentration Drive Luminous
No. of ytterbinm/% voltage/V efficiency/%
1 0.5 8.05 8.56
2 1 7.27 11.23
3 3 7.21 11.59
4 5 7.18 11.02
5 8 7.16 7.08

Table 11 is an Experimental Data Record Table of
the Volume Concentration Changes of Ytterbium
Material Doped in the Electron Transport Material

[0039] It can be seen from the experimental data of Table
11 that, when the volume concentration of ytterbium material
doped in the electron transport material ranges from 1% to
5%, the drive voltage of the organic light-emitting diode is
lower and the luminous efficiency is higher. For example, the
volume concentrations of ytterbium material can be 1.3%,
1.6%, 1.9%, 2%, 2.5%, 2.8%, 3.1%, 3.3%, 3.8%, 4%, 4.2%,
4.5% or 4.9%, etc.

[0040] In an optional embodiment, the volume concentra-
tion of the P-type semiconductor material doped in the hole
injection material ranges from 1% to 10%. Aiming at
different volume concentrations of P-type semiconductor
material doped in the hole injection material, the inventor
conducted a comparative analysis experiment on the drive
voltage and luminous efliciency of the organic light-emitting
diode. In the experiment, the volume concentration of 3% of
the ytterbium material doped in the electron transport mate-
rial is selected to be unchanged, while the volume concen-
tration of P-type semiconductor material doped in the hole
injection material is changed, specifically, the volume con-
centrations of the P-type semiconductor material doped in
the hole injection material are respectively selected to be
0.5%, 1%, 5%, 10% and 12%, and the data record of the
experiment is as shown in Table III.

Doping concentration

of the P-type Drive Luminous
No. semiconductor material/% voltage/'V efficiency/%
1 0.5 8.19 8.82
2 1 7.25 11.16
3 5 7.21 11.59
4 10 7.20 1093
5 12 7.17 9.25

Table III is an Experimental Data Record Table of
the Volume Concentration Changes of P-Type
Semiconductor Material Doped in the Hole
Injection Material

[0041] It can be seen from the experimental data in Table
1T that, when the volume concentration of the P-type
semiconductor material doped in the hole injection material
ranges from 1% to 10%, the organic light-emitting diode has
a lower drive voltage and a higher luminous efficiency. For
example, the volume concentration of the P-type semicon-
ductor material can be 1.3%, 1.6%, 1.9%, 2%, 2.5%, 2.8%,
3.1%, 3.3%, 3.8%, 4%, 4.2%, 4.5%, 4.9%, 5%. 5.4%, 5.8%,
6%, 6.2%, 6.5%, 6.8%, 7%, 7.3%, 7.5%, 7.8%, 8%, 8.2%,
8.4%, 8.6%, 8.9%, 9%, 9.1%/9.4%, 9.7% and 9.9%, etc.
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[0042] In an optional embodiment, the hole injection
material includes the following compound:

Rs Rg Ry Rg

[0043] Where R, R,, R;, R, Ry, Ry, R, and R, are all
independently selected from at least one of hydrogen atom,
substituted or unsubstituted C1-C6 alkyl, and substituted or
unsubstituted C5-C15 aryl; and R, R, R;; and R, respec-
tively include an aromatic group.

[0044] Where substituted or unsubstituted C1-C6 alkyl
exemplarily includes methyl, ethyl, propyl, n-butyl, isobu-
tyl, n-amyl, isoamyl, neoamyl, n-hexyl or 2-methyl amy],
etc.

[0045] Where substituted or unsubstituted C5-C15 aryl
exemplarily includes phenyl, tolyl, ethyl phenyl, xylyl,
dibiphenylyl, naphthyl, or anthryl, etc.

[0046] Where Rg, R, Ry, and R, are respectively inde-
pendently selected from substituted or unsubstituted pheny],
substituted or unsubstituted xenyl, substituted or unsubsti-
tuted condensed ring group or substituted or unsubstituted
heterocyclic aryl.

[0047] The compound has multiple conjugated structures
and is stable in performance, meanwhile, the nitrogen atoms
are connected with three conjugated systems which are
respectively Ry, R, and biphenyl, thereby being beneficial
for the approach of the electron cloud towards the nitrogen
atoms under the electrophilic effect of the nitrogen atoms,
and then more holes are formed. Under the effect of big ©
bond, the holes can move rapidly, so the compound can play
a role of hole transport, and the transport speed of the holes
is high. The holes generated by the P-type semiconductor
material can transport rapidly in the hole injection material,
then the movement rate of the holes is improved, and the
holes can be rapidly combined with the electrons in the
emitting layer to emit light, thereby improving the luminous
efficiency of the organic light-emitting diode.

[0048] In an optional embodiment, a hole injection layer
close to the anode and an electron transport layer close to the
cathode are further arranged between the anode and the
cathode, where the hole injection layer includes hole injec-
tion material and P-type semiconductor material doped in
the hole injection material, and the electron transport layer
includes electron transport material and ytterbium doped in
the electron transport material.

[0049] In the present embodiment, the hole injection
between the anode and the emitting layer also utilizes the
hole injection material doped with P-type semiconductor
material, then the hole transport speed between the anode
and the emitting layer can be improved. The electron trans-
port between the cathode and the emitting layer also utilizes
the electron transport material doped with ytterbium, then
the electron transport speed between the cathode and the
emitting layer can be improved, thereby being beneficial for
further lowering the drive voltage of the organic light-
emitting diode and improving the luminous efficiency of the
organic light-emitting diode.
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[0050] In an optional embodiment of the present disclo-
sure, the material of the electron transport layer includes a
first group; the first group is of a conjugated structure which
at least includes three continuous benzene rings, at least one
carbon atom on the three continuous benzene rings is
substituted by nitrogen atoms, and the first group is of an
axisymmetric structure.

[0051]

Optionally, the first group includes:

[0052] The material of the electron transport layer in the
embodiment of the present disclosure includes a first group
which plays the role of electron transport, then the speed of
electron transport is increased, and the resistance is reduced,
thereby lowering the drive voltage of the organic light-
emitting diode; and the quantity of the electrons and the
quantity of the holes in the emitting layer are matched,
thereby improving the luminous efficiency of the organic
light-emitting diode.

[0053] In specific embodiments, specific material of the
emitting layer is not limited, for example, the emitting layer
can be a fluorescent emitting layer and can also be a
phosphorescent emitting layer, and materials of at least two
emitting layers in the organic light-emitting diode can be
identical and can also be not identical. For example, the
organic light-emitting diode includes two emitting layers,
the two emitting layers can be respectively a fluorescent
emitting layer and a phosphorescent emitting layer, and the
two emitting layers can also both be phosphorescent emit-
ting layers or fluorescent emitting layers.

[0054] Specifically, the number of the emitting layers can
be two and can also be three. For example, when the number
of the emitting layers is two, the emitting layers can be
respectively a blue emitting layer and a yellow emitting
layer. When the number of the emitting layer is three, the
emitting layers can be a blue emitting layer, a green emitting
layer and a red emitting layer.

[0055] In one specific embodiment, the number of the
emitting layers in the organic light-emitting diode can be
three, and the three emitting layers are respectively a blue
fluorescent emitting layer, a green phosphorescent emitting
layer and a red phosphorescent emitting layer.

[0056] The embodiment of the present disclosure further
provides a display panel, and the display panel includes the
organic light-emitting diode described in any of the above
technical solutions.

[0057] The display panel requires a lower drive voltage,
then the power consumption is low, the luminous efficiency
is high, and the display effect of the display panel is
favorable.



US 2018/0166509 A1

[0058] Please refer to FIG. 6. The embodiment of the
present disclosure further provides a display device 300
which includes the above display panel 400.

[0059] The display panel included in the display device
requires a lower drive voltage, then the power consumption
is low, the luminous efficiency is high, the display effect of
the display device can be improved, and the power con-
sumption of the display device can be reduced.

[0060] In the embodiment of the present disclosure, the
display device is not limited in specific types, and can be a
mobile phone, a display, a tablet computer or a television.
For example, the display device shown in FIG. 6 is a mobile
phone.

[0061] Evidently, those skilled in the art can make various
modifications and variations to the present disclosure with-
out departing from the spirit and scope of the present
disclosure. Accordingly the present disclosure is also
intended to encompass these modifications and variations
thereto so long as the modifications and variations come into
the scope of the claims appended to the present disclosure
and their equivalents.

What is claimed is:

1. An organic light-emitting diode, comprising an anode,
a cathode, at least two emitting layers arranged between the
anode and the cathode, and a charge generation layer
arranged between the at least two adjacent emitting layers;

wherein the charge generation layer comprises a first layer
unit and a second layer unit, arranged in sequence
between the at least two emitting layers, wherein the
first layer unit comprises a hole injection material
doped with a P-type semiconductor material, and
wherein the second layer unit comprises an electron
transport material doped with ytterbium, wherein a
volume concentration of ytterbium doped in the elec-
tron transport material ranges from 1% to 5%;

wherein the P-type semiconductor material comprises the
following compound:

X 1\

X3

P

X n

wherein 1 is an integer greater than or equal to 1, and X,
X, and X each respectively has an independent struc-
ture of

R' is selected from any one of substituted aryl and
substituted hetero aryl, and the substituent in the sub-
stituted aryl and substituted hetero aryl at least com-
prises one electron acceptor group.

2. The organic light-emitting diode according to claim 1,
wherein a volume concentration of the P-type semiconduc-
tor material doped in the hole injection material ranges from
1% to 10%.
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3. The organic light-emitting diode according to claim 1,
wherein the hole injection material comprises the following
compound:

R4 R; Ry R
Ry Ry
\
/N N
Rp2 Ryo
Rs Rs Ry Rg

wherein R, R,, Ry, R,, R;, Ry, R; and Ry are all
independently selected from at least one of hydrogen
atom, substituted or unsubstituted C1-C6 alkyl, and
substituted or unsubstituted C5-C15 aryl; and Rg, R,
R,; and R, , respectively comprise an aromatic group.

4. The organic light-emitting diode according to claim 1,
wherein a hole injection layer close to the anode and an
electron transport layer close to the cathode are arranged
between the anode and the cathode, wherein the hole injec-
tion layer comprises the hole injection material and the
P-type semiconductor material doped in the hole injection
material, and wherein the electron transport layer comprises
the electron transport material and ytterbium doped in the
electron transport material.

5. The organic light-emitting diode according to claim 4,
wherein a material of the electron transport layer comprises
a first group,

wherein the first group is of a conjugated structure com-

prising three continuous benzene rings, wherein at least
one carbon atom on the three continuous benzene rings
is substituted by nitrogen atoms, and wherein the first
group is of an axisymmetric structure.

6. The organic light-emitting diode according to claim 5,
wherein the first group comprises:

7. The organic light-emitting diode according to claim 1,
wherein the emitting layer comprises a fluorescent emitting
layer or a phosphorescent emitting layer.

8. The organic light-emitting diode according to claim 1,
wherein a number of the emitting layers is two or three.

9. A display panel, comprising an organic light-emitting
diode, wherein the organic light-emitting diode comprises
an anode, a cathode, at least two emitting layers arranged
between the anode and the cathode, and a charge generation
layer arranged between two adjacent emitting layers;

wherein the charge generation layer comprises a first layer

unit and a second layer unit arranged in sequence
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between the anode and the cathode, wherein the first
layer unit comprises a hole injection material doped
with a P-type semiconductor material, and wherein the
second layer unit comprises an electron transport mate-
rial doped with ytterbium, wherein a volume concen-
tration of ytterbium doped in the electron transport
material ranges from 1% to 5%;

wherein the P-type semiconductor material comprises the
following compound:

X 1\

X3

A

X5 n

wherein n is an integer greater than or equal to 1, X, X,
and X each respectively has an independent structure
of

R' is selected from any one of substituted aryl and
substituted hetero aryl, and the substituent in the sub-
stituted aryl and substituted hetero aryl at least com-
prises one electron acceptor group.

10. The display panel according to claim 9, wherein a
volume concentration of the P-type semiconductor material
doped in the hole injection material ranges from 1% to 10%.

11. The display panel according to claim 9, wherein the
hole injection material comprises the following compound:

Ry Ry Ry R
Ry Ry
\
/N N
R Rjo
Rs Rs Ry Re

wherein R, Ry, R;, Ry, Ry, Ry, R, and Ry are all
independently selected from at least one of hydrogen
atom, substituted or unsubstituted C1-C6 alkyl, and
substituted or unsubstituted C5-C15 aryl; and Ry, R,
R,, and R, respectively comprise an aromatic group.

12. The display panel according to claim 9, wherein a hole
injection layer close to the anode and an electron transport
layer close to the cathode are arranged between the anode
and the cathode, wherein the hole injection layer comprises
the hole injection material and the P-type semiconductor
material doped in the hole injection material, and wherein
the electron transport layer comprises the electron transport
material and ytterbium doped in the electron transport
material.

13. The display panel according to claim 12, wherein a
material of the electron transport layer comprises a first
group;

wherein the first group is of a conjugated structure com-

prising three continuous benzene rings, at least one
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carbon atom on the three continuous benzene rings is
substituted by nitrogen atoms, and wherein the first
group is of an axisymmetric structure.
14. The display panel according to claim 13, wherein the
first group comprises:

15. The display panel according to claim 9, wherein the
emitting layer comprises a fluorescent emitting layer or a
phosphorescent emitting layer.
16. The display panel according to claim 9, wherein a
number of the emitting layers is two or three.
17. A display device, comprising a display panel, the
display panel comprising an organic light-emitting diode,
wherein the organic light-emitting diode comprises an
anode, a cathode, at least two emitting layers arranged
between the anode and the cathode, and a charge generation
layer arranged between two adjacent emitting layers;
wherein the charge generation layer comprises a first layer
unit and a second layer unit arranged in sequence
between the anode and the cathode, wherein the first
layer unit comprises a hole injection material and a
P-type semiconductor material doped in the hole injec-
tion material, and wherein the second layer unit com-
prises an electron transport material and ytterbium
doped in the electron transport material, wherein a
volume concentration of ytterbium doped in the elec-
tron transport material ranges from 1% to 5%;

wherein the P-type semiconductor material comprises the
following compound:

X 1\

X3
&

X5 n

wherein n is an integer greater than or equal to 1, X, X,
and X; each has an independent structure of

R' is selected from any one of substituted aryl and
substituted hetero aryl, and the substituent in the sub-
stituted aryl and substituted hetero aryl at least com-
prises one electron acceptor group.

* ok % k&
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