US 20180159084A1

12 Patent Application Publication o) Pub. No.: US 2018/0159084 A1

a9y United States

MA et al. (43) Pub, Date: Jun, 7, 2018
(54) ORGANIC LIGHT-EMITTING DIODE, (32) US.CL
DISPLAY PANEL AND DISPLAY DEVICE CPC ... HOIL 51/5278 (2013.01); HOIL 27/286
(2013.01); HOIL 51/5004 (2013.01)
(71)  Applicant: SHANGHAI TIANMA AM-OLED
CO., LTD.. Shanghai (CN)
(57) ABSTRACT

(72) Inventors: Honghu MA, Shanghai (CN); Jinghua
Niu, Shinghai (CN); Xiangcheng
Wang, Shanghai (CN); Run Yang,
Shanghai (CN)

(73) Assignee: SHANGHAI TIANMA AM-OLED
CO., LTD., Shanghai (CN)

(21) Appl. No.: 15/888,092
(22) Filed: Feb. 5, 2018
(30) Foreign Application Priority Data

Aug. 10, 2017 (CN) .o 201710682462 X

Publication Classification

(51) Int. CL
HOIL 51/52
HOIL 51/50

(2006.01)
(2006.01)

The disclosure discloses an organic light-emitting diode, a
display panel and a display device. 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, where the charge generation layer
includes a first doping layer, an intermediate layer and a
second doping layer which are arranged in sequence along
the direction far away from the cathode, where the first
doping layer includes a P-type semiconductor material, and
the second doping layer includes a N-type semiconductor
material; the P-type semiconductor material includes a
P-type inorganic semiconductor material, a P-type metal
dopant or a P-type organic semiconductor material, and the
N-type semiconductor material includes a N-type inorganic
semiconductor material, a N-type metal dopant or a N-type
organic semiconductor material.
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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. 201710682462 X, filed on Aug. 10, 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] The organic electroluminescence is a phenomenon
in which organic material are excited by an electric energy
for light emitting. With advantages of low drive voltage,
high luminous brightness, high luminous efficiency, wide
luminous viewing angle, high response speed, ultrathin
shape. light weight and compatible flexible substrate, the
organic light-emitting devices occupy a position in the field
of display.

[0004] As a representative product of organic light-emit-
ting devices, the Organic Light-Emitting Diode (OLED) has
been extensively studied.

[0005] Please refer to FIG. 1, a common organic light-
emitting diode in the prior art includes a cathode 0100, an
electron injection layer 01, a first electron transport layer 02,
a first emitting layer 031, a second hole transport layer 04,
a charge generation layer 05, a second electron transport
layer 06, a second emitting layer 032, a first hole transport
layer 07, a hole injection layer 08 and an anode 0200 which
are arranged in sequence in an overlaying manner. The
charge generation layer 05 arranged between two emitting
layers 03 usually includes a P-type organic semiconductor
layer 051 and an N-type organic semiconductor layer 052
which are arranged in an overlapping manner. The P-type
organic semiconductor layer 051 and the N-type organic
semiconductor layer 052 of the charge generation layer 05
contact with each other directly, and along with the exten-
sion of accumulating operating time of the organic light-
emitting diode, the material of the P-type organic semicon-
ductor layer 051 and the N-type organic semiconductor layer
052 are subjected to mutual diffusion, therefore, the drive
voltage of the organic light-emitting diode adopting such a
structure gradually rises, and the luminous efficiency of the
organic light-emitting diode is reduced, and the service life
is shortened.

SUMMARY

[0006] Embodiment of the present disclosure is to provide
an organic light-emitting diode, a display panel and a display
device, 50 as to improve the voltage stability of the organic
light-emitting diode during long-term operation, reduce the
use power consumption of the organic light-emitting diode,
and prolong the service life 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
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arranged between every two adjacent emitting layers, where
the charge generation layer includes a first doping layer, an
intermediate layer and a second doping layer which are
arranged in sequence along the direction far away from the
cathode, where the first doping layer includes a P-type
semiconductor material, and the second doping layer
includes a N-type semiconductor material; the P-type semi-
conductor material includes a P-type inorganic semiconduc-
tor material, a P-type metal dopant or a P-type organic
semiconductor material, and the N-type semiconductor
material includes a N-type inorganic semiconductor mate-
rial, a N-type metal dopant or a N-type organic semicon-
ductor material; when the P-type semiconductor material
includes the P-type inorganic semiconductor material or the
P-type metal dopant, a fermi level of the material of the
intermediate layer is greater than the fermi level of the
P-type semiconductor material; when the P-type semicon-
ductor material includes the P-type organic semiconductor
material, the fermi level of the material of the intermediate
material is greater than the energy level of the highest
occupied molecular orbital of the P-type organic semicon-
ductor material; when the N-type semiconductor material
includes the N-type inorganic semiconductor material or the
N-type metal dopant, the fermi level of the material of the
intermediate layer is less than the fermi level of the N-type
semiconductor material; and when the N-type semiconduc-
tor material includes the N-type organic semiconductor
material, the fermi level of the material of the intermediate
material is less than the energy level of the lowest unoccu-
pied molecular orbital of the N-type organic semiconductor
material.

[0008] 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 doping layer, an intermediate layer and a
second doping layer which are arranged in sequence along
the direction far away from the cathode, where the first
doping layer includes a P-type semiconductor material, and
the second doping layer includes a N-type semiconductor
material; the P-type semiconductor material includes a
P-type inorganic semiconductor material, a P-type metal
dopant or a P-type organic semiconductor material, and the
N-type semiconductor material includes a N-type inorganic
semiconductor material, a N-type metal dopant or a N-type
organic semiconductor material; when the P-type semicon-
ductor material includes the P-type inorganic semiconductor
material or the P-type metal dopant, a fermi level of the
material of the intermediate layer is greater than the fermi
level of the P-type semiconductor material; when the P-type
semiconductor material includes the P-type organic semi-
conductor material, the fermi level of the material of the
intermediate material is greater than the energy level of the
highest occupied molecular orbital of the P-type organic
semiconductor material; when the N-type semiconductor
material includes the N-type inorganic semiconductor mate-
rial or the N-type metal dopant, the fermi level of the
material of the intermediate layer is less than the fermi level
of the N-type semiconductor material; and when the N-type
semiconductor material includes the N-type organic semi-
conductor material, the fermi level of the material of the
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intermediate material is less than the energy level of the
lowest unoccupied molecular orbital of the N-type organic
semiconductor material.

[0009] 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,
where the charge generation layer includes a first doping
layer, an intermediate layer and a second doping layer which
are arranged in sequence along the direction far away from
the cathode, where the first doping layer includes a P-type
semiconductor material, and the second doping layer
includes a N-type semiconductor material; the P-type semi-
conductor material includes a P-type inorganic semiconduc-
tor material, a P-type metal dopant or a P-type organic
semiconductor material, and the N-type semiconductor
material includes a N-type inorganic semiconductor mate-
rial, a N-type metal dopant or a N-type organic semicon-
ductor material; when the P-type semiconductor material
includes the P-type inorganic semiconductor material or the
P-type metal dopant, a fermi level of the material of the
intermediate layer is greater than the fermi level of the
P-type semiconductor material; when the P-type semicon-
ductor material includes the P-type organic semiconductor
material, the fermi level of the material of the intermediate
material is greater than the energy level of the highest
occupied molecular orbital of the P-type organic semicon-
ductor material; when the N-type semiconductor material
includes the N-type inorganic semiconductor material or the
N-type metal dopant, the fermi level of the material of the
intermediate layer is less than the fermi level of the N-type
semiconductor material; and when the N-type semiconduc-
tor material includes the N-type organic semiconductor
material, the fermi level of the material of the intermediate
material is less than the energy level of the lowest unoccu-
pied molecular orbital of the N-type organic semiconductor
material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a structural schematic diagram of an
organic light-emitting diode according to an embodiment in
the prior art;

[0011] FIG. 2 is a structural schematic diagram of an
organic light-emitting diode according to an embodiment of
the present disclosure;

[0012] FIG. 3 is an energy band diagram of the PN
junction in a balanced state;

[0013] FIG. 4 is an energy band diagram of the PN
junction after an inverse voltage is applied;

[0014] FIG. 5 is an energy band diagram of the N-type
semiconductor when the fermi level of the material of the
intermediate layer is less than the fermi level of the N-type
semiconductor matetial;

[0015] FIG. 6 is an energy band diagram of the N-type
semiconductor when the fermi level of the material of the
intermediate layer is greater than the fermi level of the
N-type semiconductor material;

[0016] FIG. 7 is an energy band diagram of the P-type
semiconductor when the fermi level of the material of the
intermediate layer is greater than the fermi level of the
P-type semiconductor material;
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[0017] FIG. 8 is an energy band diagram of the P-type
semiconductor when the fermi level of the material of the
intermediate layer is less than the fermi level of the P-type
semiconductor material;

[0018] FIG. 9 is a structural schematic diagram of an
organic light-emitting diode according to another embodi-
ment of the present disclosure;

[0019] FIG. 10 is a structural schematic diagram of a
display device according to an embodiment of the present
disclosure;

[0020] FIG. 11 is a diagram showing the change of the
drive voltage of the organic light-emitting diode along with
the extension of the operating time.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0021] In order to improve the voltage stability of the
organic light-emitting diode during long-term operation,
lower the use power consumption of the organic light-
emitting diode, prolong the service life 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.
[0022] As shown in FIG. 2 which is a structural schematic
diagram of the organic light-emitting diode according to an
embodiment of the present disclosure, the organic light-
emitting diode according to the embodiment of the present
disclosure includes an anode 200, a cathode 100, at least two
emitting layers 3 arranged between the anode 200 and the
cathode 100, and a charge generation layer 5 arranged
between every two adjacent emitting layers 3.

[0023] The charge generation layer 5 includes a first
doping layer 51, an intermediate layer 52 and a second
doping layer 53 which are arranged in sequence along the
direction far away from the cathode 100, where the first
doping layer 51 includes a P-type semiconductor material,
and the second doping layer 53 includes a N-type semicon-
ductor material.

[0024] The P-type semiconductor material includes a
P-type inorganic semiconductor material, a P-type metal
dopant or a P-type organic semiconductor material. The
N-type semiconductor material includes a N-type inorganic
semiconductor material, a N-type metal dopant or a N-type
organic semiconductor material.

[0025] When the P-type semiconductor material includes
the P-type inorganic semiconductor material or the P-type
metal dopant, the fermi level of the material of the inter-
mediate layer is greater than the fermi level of the P-type
semiconductor material.

[0026] When the P-type semiconductor material includes
the P-type organic semiconductor material, the fermi level of
the material of the intermediate material is greater than the
HOMO level (energy level of the highest occupied molecu-
lar orbital of the P-type organic semiconductor material.

[0027] When the N-type semiconductor material includes
the N-type inorganic semiconductor material or the N-type
metal dopant, the fermi level of the material of the inter-
mediate layer is less than the fermi level of the N-type
semiconductor material.

[0028] When the N-type semiconductor material includes
the N-type organic semiconductor material, the fermi level
of the material of the intermediate material is less than the
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LUMO level (energy level of the lowest unoccupied
molecular orbital) of the N-type organic semiconductor
material.

[0029] The luminous principle of the organic light-emit-
ting diode is as follows: under the drive of an externally-
applied electric field, the organic emitting layer leads to light
emitting through the injection and recombination of charge
carriers of the anode and the cathode, and the above charge
carriers include electrons and holes. In one embodiment,
under the effect of the drive voltage, the electrons and holes
served as charge carriers are respectively injected into the
electron injection layer and the hole injection layer from the
cathode and the anode, the electrons and holes migrate to the
organic emitting layer after penetrating through the electron
transport layer and the hole transport layer, and the electrons
and holes encounter in the organic emitting layer for recom-
bination to form excitons, and the excitons exit from acti-
vation to release energy; and the released energy excites the
luminescent molecules in the organic emitting layer, and the
excited luminescent molecules emit a visible light after
radiative relaxation.

[0030] In the organic light-emitting diode in the embodi-
ment of the present disclosure, the charge generation layer 5
includes a first doping layer 51, an intermediate layer 52 and
a second doping layer 53, and the charge generation layer 5
constitutes a P-I-N semiconductor structure. In the organic
light-emitting diode, besides the cathode 100 and the anode
200 which can generate electrons and holes, the charge
generation layer 5 can also generate holes and electrons
which are respectively injected into the emitting layers 3 on
the two sides of the charge generation layer 5, then the
quantity of excitons which are formed by the recombination
of the electrons and the holes of the emitting layers 3 can be
increased, and further the luminous efficiency of the organic
light-emitting diode can be improved.

[0031] In the organic light-emitting diode of the embodi-
ment of the present disclosure, a charge generation layer 5
is arranged between two adjacent emitting layers 3, and
under the effect of an externally-applied inverse voltage, the
electrons of the P-type semiconductor migrate to the N-type
semiconductor, then more holes migrate to the adjacent
emitting layer 3; and the electrons of the N-type semicon-
ductor migrate to the adjacent emitting layer 3. The elec-
trodes of the electron-hole pairs generated by the charge
generation layer 5 are divided into holes and electrons, then
the holes and electrons are injected into the emitting layers
3 on the two sides through a channel due to zener break-
down, and are respectively recombined with the electrons
and holes in the emitting layers on the two sides to form
excitons, then the emitting layers 3 are enabled to emit light.
[0032] Zener breakdown refers to a phenomenon that
when an inverse voltage is applied to a PN junction to
generate a stronger electric field, the electric field is so
strong that valence electrons can be directly pulled out from
the covalent bonds, thus a large number of free electrons and
holes are generated, and then the inverse current increases
greatly. Please refer to FIG. 3 and FIG. 4. FIG. 3 is an energy
band diagram of the PN junction in a balanced state, while
FIG. 4 is an energy band diagram of the PN junction after an
inverse voltage is applied. When an inverse voltage is
applied to the PN junction, the energy band in the barrier
region inclines, the greater the inverse voltage is, the higher
the potential barrier is, then the stronger the built-in electric
field in the barrier region is, and the more inclined the energy
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band in the barrier region is, and even the bottom conduction
band of the N region can be lower than the top of valence
band of the P region. When the inverse voltage reaches a
preset value, the electrons in the P-region valence band may
penetrate through a forbidden band via the tunnel effect to
reach the N-region conduction band.

[0033] In the embodiment of the present disclosure, the
charge generation layer 5 includes a first doping layer 51, an
intermediate layer 52 and a second doping layer 53 which
are arranged in sequence along the direction far away from
the cathode 100, where the first doping layer 51 includes a
P-type semiconductor material, and the second doping layer
53 includes a N-type semiconductor material. An interme-
diate layer 52 is arranged between the first doping layer 51
and the second doping layer 53, so as to prevent the P-type
semiconductor material in the first doping layer 51 and the
N-type semiconductor material in the second doping layer
53 from being diffused mutually after long-term operation,
and further prevent the drive voltage of the organic light-
emitting diode from being gradually increased. By adopting
the solution, the drive voltage of the organic light-emitting
diode can be lowered, the voltage of the organic light-
emitting diode during long-term operation can be main-
tained to be stable, the luminous efliciency of the organic
light-emitting diode can be improved, and the service life
can be prolonged.

[0034] In one embodiment, the P-type semiconductor
material can be P-type inorganic semiconductor material,
P-type metal dopant or P-type organic semiconductor mate-
rial, and the N-type semiconductor material can be N-type
inorganic semiconductor material. N-type metal dopant or
N-type organic semiconductor material. In actual applica-
tion, the selection of the dopant of the first doping layer and
the second doping layer is not limited, the P-type semicon-
ductor material and the N-type semiconductor material can
be the same type of material, and can also be different types
of materials. For example, the selection of materials can be
as follows: the P-type semiconductor material of the first
doping layer can be P-type inorganic semiconductor mate-
rial, and the N-type semiconductor material of the second
doping layer can also be N-type inorganic semiconductor
material; or the P-type semiconductor material of the first
doping layer can be P-type metal dopant, while the N-type
semiconductor material of the second doping layer can be
N-type organic semiconductor material.

[0035] When the N-type semiconductor material includes
the N-type inorganic semiconductor material or the N-type
metal dopant, the fermi level of the material of the inter-
mediate layer is less than the fermi level of the N-type
semiconductor material. Such a structure may be used for
the electrons to flow to the N-type semiconductor layer from
the intermediate layer, and a negative space charge layer is
formed on the surface of the N-type semiconductor layer.
Please refer to FIG. 5 which is an energy band diagram
showing that the fermi level of the material of the interme-
diate layer is less than the fermi level of the N-type semi-
conductor material. The energy band nearby the surface in
the space charge region bends downwards, the electron
concentration on the surface of the N-type semiconductor is
greater than the equilibrium concentration inside the N-type
semiconductor, and the electrons can migrate to the N-type
semiconductor material with potentially no need of crossing
a potential barrier, then an anti-barrier layer can be formed.
In contrary, please refer to FIG. 6 which is an energy band
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diagram showing that the fermi level of the material of the
intermediate layer is greater than the fermi level of the
N-type semiconductor material. The energy band nearby the
surface in the potential barrier region bends upwards, the
electron concentration on the surface of the N-type semi-
conductor is less than the equilibrium concentration inside
the N-type semiconductor, and the electrons can only
migrate to the N-type semiconductor material after crossing
a potential barrier, then a barrier layer can be formed.
Therefore, the structure in the embodiment of the present
disclosure may be used for the charge generation layer to
generate electrons and also may be used for electron injec-
tion and transport.

[0036] When the N-type semiconductor material includes
the N-type organic semiconductor material, the fermi level
of the material in the intermediate layer is less than the
LUMO level of the N-type organic semiconductor material.
The reasons for adopting such a structure are the same as the
above reasons, and will not be repeatedly described herein.
[0037] Similarly, when the P-type semiconductor material
includes the P-type inorganic semiconductor material or the
P-type metal dopant, the fermi level of the material of the
intermediate layer is greater than the fermi level of the
P-type semiconductor material. Please refer to FIG. 7 which
is an energy band diagram of the P-type semiconductor
when the fermi level of the material of the intermediate layer
is greater than the fermi level of the P-type semiconductor
material. The electrons can migrate to the intermediate layer
from the P-type semiconductor material with potentially no
need of crossing a potential barrier, then more holes are
generated, and an anti-barrier layer is formed. In contrary,
please refer to FIG. 8 which is an energy band diagram of the
P-type semiconductor when the fermi level of the material of
the intermediate layer is less than the fermi level of the
P-type semiconductor material. The electrons can only
migrate to the intermediate layer from the P-type semicon-
ductor material after crossing a potential barrier, then holes
are difficult to form, and a barrier layer is formed. Therefore,
the structure in the embodiment of the present disclosure
may be used for the charge generation layer to generate
holes and also may be used for hole injection and transport.
[0038] When the P-type semiconductor material includes
the P-type organic semiconductor material, the fermi level of
the material of the intermediate material is greater than the
HOMO level of the P-type organic semiconductor material.
The reasons for adopting such a structure are the same as the
above reasons, and will not be repeatedly described herein.
[0039] In an embodiment, the material of the intermediate
layer is not specifically limited, and can be metal, metal
alloy or metal oxide. The material of the intermediate layer
includes silver element, ytterbium element, europium ele-
ment or zinc element. In one embodiment, when the P-type
semiconductor material includes the P-type inorganic semi-
conductor material or the P-type metal dopant, the fermi
level of the P-type semiconductor material ranges from 1.8
eV to 5.5 eV. For example, the fermi level of the P-type
semiconductor material canbe 2 eV, 2.2¢eV,2.5¢V,3¢eV,3.4
eV,38eV,4eV,43eV,48¢eV,5eV,52eVor54eV,etc.
[0040] When the P-type semiconductor material includes
the P-type organic semiconductor material, the HOMO level
of the P-type organic semiconductor material ranges from
-6.5 eV to =5 eV. For example, the HOMO level of the
P-type organic semiconductor material can be -5.2 eV, -5.5
eV, -5.8 eV, -6 eV, -6.1 eV or -6.4 €V, etc.
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[0041] When the N-type semiconductor material includes
the N-type inorganic semiconductor material or the N-type
metal dopant, the fermi level of the N-type semiconductor
material ranges from 1.8 eV to 5.5 eV. For example, the
fermi level of the N-type semiconductor material can be 2
eV,2.2¢eV,25eV,27¢eV,3eV,3.2eV,3.5eV,3.8eV,4 eV,
42eV,45eV,48¢V,5eVors52eV, etc.

[0042] When the N-type semiconductor material includes
N-type organic semiconductor material, the LUMO level of
the N-type organic semiconductor material ranges from -3.5
eV to -1.8 eV. For example, the LUMO level of the N-type
organic semiconductor material can be -2 eV, -2.2 eV, -2.5
eV, -2.7eV, -3 eV, -3.1 eV or -3.4 eV, etc.

[0043] In an embodiment, the thickness of the intermedi-
ate layer ranges from 0.5 nm to 10 nm. The first doping layer
and the second doping layer can be isolated when the
thickness of the intermediate layer is greater than 0.5 nm,
and when the thickness of the intermediate layer is less than
10 nm, the first doping layer, the intermediate layer and the
second doping layer can form a PIN structure, such that the
organic light-emitting diode emits light normally. For
example, the thickness of the intermediate layer can be 0.8
nm, 1 nm, 1.5 nm, 2 nm, 2.7 nm, 3 nm, 3.4 nm, 3.8 nm, 4
nm, 4.3 nm, 4.5 nm, 4.9 nm, 5 nm, 5.5 nm, 5.9 nm, 6 nm,
6.5 nm, 7 nm, 7.1 nm, 7.5 nm, 8 nm, 8.4 nm, 8.6 nm, 9 nm,
9.3 nm or 9.7 nm, etc.

[0044] In an embodiment, the volume concentration of the
P-type semiconductor material doped in the first doping
layer ranges from 3% to 35%. When the volume concen-
tration of the P-type semiconductor material is within the
above range, it may be used for separating the electrons from
the holes in the charge generation layer and improving the
luminous efficiency of the organic light-emitting diode. For
example, the volume concentration of the P-type semicon-
ductor material 1s 3.5%, 4%, 6%, 7%, 7.8%, 8%, 9.5%, 10%,
10.6%, 11%, 11.5%, 12%, 14%, 15%, 16%, 18%, 19%,
20%, 22%, 24%, 25%, 26%, 26.5%, 27%, 27.5%, 28%,
28.4%, 29%, 30%, 30.5%, 31%, 32%, 33% or 33.8%, etc.
[0045] In an embodiment, the volume concentration of the
N-type semiconductor material doped in the second doping
layer ranges from 3% to 45%. When the volume concen-
tration of the N-type semiconductor material is within the
above range, it may be used for separating the electrons from
the holes in the charge generation layer and improving the
luminous efficiency of the organic light-emitting diode. For
example, the volume concentration of the N-type semicon-
ductor material 1s 3.5%, 4%, 5%, 7%, 7.5%, 8%, 9%, 10.5%,
10.6%, 11.5%, 12%, 13%, 15%, 17%, 19%, 20%, 22%,
23%, 25%, 26%, 26.8%, 27%, 27.5%, 28%, 29%, 29.5%,
30%, 32%, 33.8%, 35%, 38%, 39.8%, 40%, 42%, 43% or
44%, etc.

[0046] In one embodiment, 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. The 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 be both fluorescent emitting layers or be both
phosphorescent emitting layers.

[0047] In an embodiment of the present disclosure, the
number of the emitting layers can be two and can also be
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three. Please refer to FIG. 2, according to an embodiment of
the present disclosure, the number of the emitting layers 3 of
the organic light-emitting diode is two, and the emitting
layer 3 includes a cathode 100, an electron injection layer 1,
a first electron transport layer 2, a first emitting layer 31, a
first hole transport layer 4, a charge generation layer 5, a
second electron transport layer 6, a second emitting layer 32,
a second hole injection layer 7, a hole injection layer 8 and
an anode 200 which are arranged in sequence in an over-
laying manner, where the charge generation layer 5 includes
a first doping layer 51, an intermediate layer 52 and a second
doping layer 53 which are arranged in sequence along the
direction far away from the cathode 100. In one embodi-
ment, the two emitting layers 3 can be respectively a blue
emitting layer and a yellow emitting layer.

[0048] Please refer to FIG. 9 which is a structural sche-
matic diagram of an organic light-emitting diode according
to another embodiment of the present disclosure. The
organic light-emitting diode in the present embodiment
includes three emitting layers 3. In one embodiment, the
organic light-emitting diode includes a cathode 100, an
electron injection layer 1, a first electron transport 2, a third
emitting layer 33, a first hole transport layer 4, a first charge
generation layer 501, a second electron transport layer 6, a
fourth emitting layer 34, a second hole transport layer 9, a
second charge generation layer 502, a third electron trans-
port layer 10, a fifth emitting layer 35, a second hole
transport layer 7, a hole injection layer 8 and an anode 200
which are arranged in sequence in an overlaying manner,
where the charge generation layer according to any of the
above technical solution is arranged between every two
adjacent emitting layers 3.

[0049] In one embodiment, when the organic light-emit-
ting diode includes three emitting layers, the three emitting
layers usually include a red emitting layer, a green emitting
layer and a blue emitting layer.

[0050] The embodiment of the present disclosure further
provides a display panel, and the display panel includes the
organic light-emitting diode according to any of the above
technical solution.

[0051] The display panel can still maintain a stable drive
voltage after long-term use, and the use power consumption
of the display panel is lower, the service life is prolonged,
and the luminous efficiency is higher.

[0052] Please refer to FIG. 10. The embodiment of the
present disclosure further provides a display device 300, and
the display device 300 includes the above display panel 400.
[0053] 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. 10 is a
mobile phone.

[0054] In the present disclosure, the inventor selected two
groups of organic light-emitting diodes for comparative
experiment, which are respectively an experiment group and
a control group, where the organic light-emitting diode in
the embodiment of the present disclosure is in the experi-
ment group, namely, the charge generation layer includes a
first doping layer, an intermediate layer and a second doping
layer; the existing organic light-emitting diode is in the
control group, except that the charge generation layer does
not include an intermediate layer, the other structures of the
organic light-emitting diode in the control group are the
same as those of the organic light-emitting diode in the
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experiment group. In one embodiment, the inventor enables
the above two groups of organic light-emitting diodes to be
in an operating state for a long time, and detects the change
of the drive voltage of each organic light-emitting diode. The
experimental results are as shown in FIG. 11 which shows
the change of the drive voltage of each organic light-
emitting diode during the fifteen-day operation.

[0055] It can be seen from FIG. 11 that, the drive voltage
of the organic light-emitting diode in the embodiment of the
present disclosure is in a stable state for a long time, and is
nearly unchanged, while the drive voltage of the organic
light-emitting diode in the control group is gradually
increased with the extension of the operation time. There-
fore, the solution can improve the voltage stability of the
organic light-emitting diode during long-term operation,
reduce the use power consumption, prolong the service life
and improve the luminous efficiency of the organic light-
emitting diode.

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 every two adjacent
emitting layers, wherein:
the charge generation layer comprises a first doping layer,
an intermediate layer and a second doping layer which
are arranged in sequence along the direction far away
from the cathode, wherein the first doping layer com-
prises a P-type semiconductor material, and the second
doping layer comprises a N-type semiconductor mate-
rial;
the P-type semiconductor material comprises a P-type
inorganic semiconductor material, a P-type metal dop-
ant or a P-type organic semiconductor material, and the
N-type semiconductor material comprises a N-type
inorganic semiconductor material, a N-type metal dop-
ant or a N-type organic semiconductor material;

when the P-type semiconductor material comprises the
P-type inorganic semiconductor material or the P-type
metal dopant, a fermi level of the material of the
intermediate layer is greater than the fermi level of the
P-type semiconductor material,

when the P-type semiconductor material comprises the
P-type organic semiconductor material, the fermi level
of the material of the intermediate material is greater
than the energy level of the highest occupied molecular
orbital of the P-type organic semiconductor material;

when the N-type semiconductor material comprises the
N-type inorganic semiconductor material or the N-type
metal dopant, the fermi level of the material of the
intermediate layer is less than the fermi level of the
N-type semiconductor material; and

when the N-type semiconductor material comprises the
N-type organic semiconductor material, the fermi level
of the material of the intermediate material is less than
the energy level of the lowest unoccupied molecular
orbital of the N-type organic semiconductor material.

2. The organic light-emitting diode according to claim 1,
wherein a material of the intermediate layer includes one or
more of: metal, metal alloy, and metal oxide.

3. The organic light-emitting diode according to claim 2,
wherein the material of the intermediate layer includes one
or more of: silver element, ytterbium element, europium
element, and zinc element.
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4. The organic light-emitting diode according to claim 1,
wherein

when the P-type semiconductor material comprises the

P-type inorganic semiconductor material or the P-type
metal dopant, the fermi level of the P-type semicon-
ductor material ranges from 1.8 eV to 5.5 eV,
when the P-type semiconductor material comprises the
P-type organic semiconductor material, the energy
level of the highest occupied molecular orbital of the
P-type organic semiconductor material ranges from
-6.5eVto -5¢eV,;

when the N-type semiconductor material comprises the
N-type inorganic semiconductor material or the N-type
metal dopant, the fermi level of the N-type semicon-
ductor material ranges from 1.8 ¢V to 5.5 eV; and

when the N-type semiconductor material comprises the
N-type organic semiconductor material, the energy
level of the lowest unoccupied molecular orbital of the
N-type organic semiconductor material ranges from
-35eVio -18¢eV.
5. The organic light-emitting diode according to claim 1,
wherein a thickness of the intermediate layer ranges from
0.5 nm to 10 nm.
6. The organic light-emitting diode according to claim 1,
wherein a volume concentration of the P-type semiconduc-
tor material doped in the first doping layer ranges from 3%
to 35%.
7. The organic light-emitting diode according to claim 1,
wherein a volume concentration of the N-type semiconduc-
tor material doped in the second doping layer ranges from
3% to 45%.
8. The organic light-emitting diode according to claim 1,
wherein the emitting layer comprises a fluorescent emitting
layer or a phosphorescent emitting layer.
9. The organic light-emitting diode according to claim 1,
wherein the number of the emitting layers is two or three.
10. A display panel, comprising an organic light-emitting
diode, the 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 every two adjacent emitting layers,
wherein:
the charge generation layer comprises a first doping layer,
an intermediate layer and a second doping layer which
are arranged in sequence along the direction far away
from the cathode, wherein the first doping layer com-
prises a P-type semiconductor material, and the second
doping layer comprises a N-type semiconductor mate-
rial;
the P-type semiconductor material comprises a P-type
inorganic semiconductor material, a P-type metal dop-
ant or a P-type organic semiconductor material, and the
N-type semiconductor material comprises a N-type
inorganic semiconductor material, a N-type metal dop-
ant or a N-type organic semiconductor material;

when the P-type semiconductor material comprises the
P-type inorganic semiconductor material or the P-type
metal dopant, a fermi level of the material of the
intermediate layer is greater than the fermi level of the
P-type semiconductor material;

when the P-type semiconductor material comprises the
P-type organic semiconductor material, the fermi level
of the material of the intermediate material is greater
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than the energy level of the highest occupied molecular
orbital of the P-type organic semiconductor material;

when the N-type semiconductor material comprises the
N-type inorganic semiconductor material or the N-type
metal dopant, the fermi level of the material of the
intermediate layer is less than the fermi level of the
N-type semiconductor material; and

when the N-type semiconductor material comprises the
N-type organic semiconductor material, the fermi level
of the material of the intermediate material is less than
the energy level of the lowest unoccupied molecular
orbital of the N-type organic semiconductor material.

11. The display panel according to claim 10, wherein a
material of the intermediate layer includes one or more of:
metal, metal alloy, and metal oxide.

12. The display panel according to claim 11, wherein the
material of the intermediate layer one or more of: silver
element, ytterbium element, europium element, and zinc
element.

13. The display panel according to claim 10, wherein

when the P-type semiconductor material comprises the
P-type inorganic semiconductor material or the P-type
metal dopant, the fermi level of the P-type semicon-
ductor material ranges from 1.8 eV to 5.5 eV,

when the P-type semiconductor material comprises the
P-type organic semiconductor material, the energy
level of the highest occupied molecular orbital of the
P-type organic semiconductor material ranges from
-6.5eVito -5¢eV,

when the N-type semiconductor material comprises the
N-type inorganic semiconductor material or the N-type
metal dopant, the fermi level of the N-type semicon-
ductor material ranges from 1.8 eV to 5.5 eV; and

when the N-type semiconductor material comprises the
N-type organic semiconductor material, the energy
level of the lowest unoccupied molecular orbital of the
N-type organic semiconductor material ranges from
-35eVio-18eV.

14. The display panel according to claim 10, wherein a
thickness of the intermediate layer ranges from 0.5 nm to 10
nm.

15. The display panel according to claim 10, wherein a
volume concentration of the P-type semiconductor material
doped in the first doping layer ranges from 3% to 35%.

16. The display panel according to claim 10, wherein a
volume concentration of the N-type semiconductor material
doped in the second doping layer ranges from 3% to 45%.

17. The display panel according to claim 10, wherein the
emitting layer one or more of: a fluorescent emitting layer,
and a phosphorescent emitting layer.

18. The display panel according to claim 10, wherein the
number of the emitting layers is two or three.

19. A display device, comprising:

a display panel, the display panel comprising an organic
light-emitting diode, the 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 every two
adjacent emitting layers, wherein:

the charge generation layer comprises a first doping layer,
an intermediate layer and a second doping layer which
are arranged in sequence along the direction far away
from the cathode, wherein the first doping layer com-
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prises a P-type semiconductor material, and the second
doping layer comprises a N-type semiconductor mate-
rial;

the P-type semiconductor material comprises a P-type
inorganic semiconductor material, a P-type metal dop-
ant or a P-type organic semiconductor material, and the
N-type semiconductor material comprises a N-type
inorganic semiconductor material, a N-type metal dop-
ant or a N-type organic semiconductor material;

when the P-type semiconductor material comprises the
P-type inorganic semiconductor material or the P-type
metal dopant, a fermi level of the material of the
intermediate layer is greater than the fermi level of the
P-type semiconductor material;

when the P-type semiconductor material comprises the
P-type organic semiconductor material, the fermi level
of the material of the intermediate material is greater
than the energy level of the highest occupied molecular
orbital of the P-type organic semiconductor material;

when the N-type semiconductor material comprises the
N-type inorganic semiconductor material or the N-type
metal dopant, the fermi level of the material of the
intermediate layer is less than the fermi level of the
N-type semiconductor material; and

when the N-type semiconductor material comprises the
N-type organic semiconductor material, the fermi level
of the material of the intermediate material is less than
the energy level of the lowest unoccupied molecular
orbital of the N-type organic semiconductor material.
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