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7) ABSTRACT

An organic electroluminescent diode, a display panel, a
display device and a manufacturing method of an organic
electroluminescent diode are provided. The organic elec-
troluminescent diode includes a first electrode, a first elec-
tron blocking layer, a light-emitting layer and a second
electrode which are stacked arranged in sequence, a surface
of the first electron blocking layer in contact with the
light-emitting layer is doped with a hole-type non-metallic
material. In the embodiment of the present disclosure, by
doping the hole-type non-metallic material in the first elec-
tron blocking layer, the density of the holes at the recom-
bination interface is increased, the utilization rate of the
holes is improved, and the loss of holes in the transmission
process is avoided, which ensures that the holes are timely
recombined with the transmitted electrons, and avoids the
accumulation of too many electrons at the interface between
the first electron blocking layer and the light-emitting layer.
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ORGANIC ELECTROLUMINESCENT DIODE
AND MANUFACTURING METHOD
THEREOF, DISPLAY PANEL AND DISPLAY
DEVICE

[0001] The present application claims the priority of the
Chinese Patent Application No. 2018103195264 filed on
Apr. 11, 2018, which is incorporated herein by reference as
a part of the present application.

TECHNICAL FIELD

[0002] The present disclosure relates to a display technical
field, in particular to an organic electroluminescent diode, a
display panel, a display device and a manufacturing method
of an organic electroluminescent diode.

BACKGROUND

[0003] An organic electroluminescent diode (for example,
organic light-emitting light, OLED) or an organic electrolu-
minescent device has characteristics of high brightness,
wide range of material selection, low driving voltage, fully
cured active illumination and so on. The organic electrolu-
minescent diode or the organic electroluminescent device
has a wide range of applications in the display field.
[0004] The luminescence principle of the OLED is: under
an action of an applied electric field, electrons are injected
from a cathode into the lowest unoccupied molecular orbit
(LUMO) of an organic layer, and holes are injected from an
anode into the highest occupied orbit (HOMO) of the
organic layer. For example, a transport path of the holes is
the anode—the hole transport layer—sthe light-emitting
layer, and a transport path of the electrons is the cathode-
—sthe electron transport layer—the light-emitting layer. In a
case that the holes and the electrons reach the light-emitting
layer respectively. the holes meet the electrons in the light-
emitting layer, and then the holes and the electrons are
recombined to form excitons. Under the action of the electric
field, the excitons migrate and transfer the energy to the
light-emitting material, and excite the electrons to transition
from a ground state to an excited state. The energy in the
excited state generates photons by radiation inactivation to
release light energy.

SUMMARY

[0005] At least one embodiment of the present disclosure
provides an organic electroluminescent diode, a display
panel, a display device and a manufacturing method of an
organic electroluminescent diode, to prolong the lifetime of
the organic electroluminescent diode.

[0006] At least one embodiment of the present disclosure
provides an organic electroluminescent diode, and the
organic electroluminescent diode comprises: a first elec-
trode, a first electron blocking layer, a light-emitting layer
and a second electrode which are stacked arranged in
sequence; a surface of the first electron blocking layer in
contact with the light-emitting layer is doped with a hole-
type non-metallic material.

[0007] For example, in the organic electroluminescent
diode provided by at least one embodiment of the present
disclosure, the hole-type non-metallic material comprises at
least one selected from a group consisting of 4,4',4"-tris(N-
3-methylphenyl-N-phenylamino)-triphenylamine (m-MTA-
DATA) and tris(2-phenylpyridine) Iridium (Ir(ppy)s).
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[0008] For example, in the organic electroluminescent
diode provided by at least one embodiment of the present
disclosure, a mass percentage of the hole-type non-metallic
material in the first electron blocking layer ranges from
about 0.5% to 10%.

[0009] For example, in the organic electroluminescent
diode provided by at least one embodiment of the present
disclosure, the mass percentage of the hole-type non-metal-
lic material in the first electron blocking layer ranges from
about 1% to 5%.

[0010] For example, in the organic electroluminescent
diode provided by at least one embodiment of the present
disclosure, a host material of the first electron blocking layer
comprises at least one selected from a group consisting of
N,N'-bis(3-methylphenyl)-NN'-diphenyl-4,4'-biphenyl-
diamine, 4.4',4"-tris(carbazol-9-yl)triphenylamine and N,N'-
(1-naphthyl)-N,N'-diphenyl-4.4'-biphenyldiamine.

[0011] For example, in the organic electroluminescent
diode provided by at least one embodiment of the present
disclosure, the hole-type non-metallic material is uniformly
doped in the first electron blocking layer.

[0012] For example, in the organic electroluminescent
diode provided by at least one embodiment of the present
disclosure, the hole-type non-metallic material is doped in a
portion of the first electron blocking layer, and the portion of
the first electron blocking layer doped with the hole-type
non-metallic material is on a side of the first electron
blocking layer close to the light-emitting layer.

[0013] For example, the organic electroluminescent diode
provided by at least one embodiment of the present disclo-
sure further comprises a hole transport layer; the first
electron blocking layer is arranged between the light-emit-
ting layer and the hole transport layer.

[0014] For example, the organic electroluminescent diode
provided by at least one embodiment of the present disclo-
sure further comprises: a hole injection layer arranged
between the first electrode and the hole transport layer, an
electron transport layer arranged between the light-emitting
layer and the second electrode; and an electron injection
layer arranged between the electron transport layer and the
second electrode.

[0015] For example, the organic electroluminescent diode
provided by at least one embodiment of the present disclo-
sure further comprises: a second electron blocking layer
arranged between the first electron blocking layer and the
hole transport layer.

[0016] For example, in the organic electroluminescent
diode provided by at least one embodiment of the present
disclosure, a material of the second electron blocking layer
is same as a host material of the first electron blocking layer.
[0017] At least one embodiment of the present disclosure
further provides a display panel, and the display panel
comprises any one of the organic electroluminescent diodes
mentioned above.

[0018] At least one embodiment of the present disclosure
further provides a display device, and the display device
comprises any one of the display panels mentioned above.
[0019] At least one embodiment of the present disclosure
further provides a manufacturing method of an organic
electroluminescent diode, and the method comprises: form-
ing a first electrode, a first electron blocking layer, a light-
emitting layer and a second electrode, and a surface of the
first electron blocking layer in contact with the light-emit-
ting layer is doped with a hole-type non-metallic material.
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[0020] For example, in the manufacturing method pro-
vided by at least one embodiment of the present disclosure,
the hole-type non-metallic material comprises at least one
selected from a group consisting of 4,4',4"-tris(N-3-methyl-
phenyl-N-phenylamino)-triphenylamine ~ (m-MTADATA)
and tris(2-phenylpyridine) Iridium (Ir(ppy)s).

[0021] For example, in the manufacturing method pro-
vided by at least one embodiment of the present disclosure,
the hole-type non-metallic material is uniformly doped in
the first electron blocking layer.

[0022] For example, in the manufacturing method pro-
vided by at least one embodiment of the present disclosure,
the hole-type non-metallic material is doped in a portion of
the first electron blocking layer, and the portion of the first
electron blocking layer doped with the hole-type non-me-
tallic material is on a side of the first electron blocking layer
close to the light-emitting layer.

[0023] For example, the manufacturing method provided
by at least one embodiment of the present disclosure further
comprises: forming a hole transport layer between the first
electrode and the first electron blocking layer; forming a
hole injection layer between the first electrode and the hole
transport layer; forming an electron transport layer between
the light-emitting layer and the second electrode; and form-
ing an electron injection layer between the electron transport
layer and the second electrode.

[0024] For example, the manufacturing method provided
by at least one embodiment of the present disclosure further
comprises: forming a second electron blocking layer
between the first electron blocking layer and the hole
transport layer.

[0025] For example, in the manufacturing method pro-
vided by at least one embodiment of the present disclosure,
all of the first electron blocking layer, the second electron
blocking layer and the light-emitting layer are formed by an
evaporation method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] In order to clearly illustrate the technical solution
of the embodiments of the present disclosure, the drawings
of the embodiments will be briefly described. It is apparent
that the described drawings are only related to some embodi-
ments of the present disclosure and thus are not limitative of
the present disclosure.

[0027] FIG.1isa schematic sectional structure diagram of
an organic light-emitting diode provided by an embodiment
of the present disclosure;

[0028] FIG. 2 is a schematic sectional structure diagram of

an organic light-emitting diode provided by another embodi-
ment of the present disclosure;

[0029] FIG. 3 is a schematic sectional structure diagram of
an organic light-emitting diode provided by still another
embodiment of the present disclosure;

[0030] FIG. 4 is a block diagram of a display panel
provided by an embodiment of the present disclosure;

[0031] FIG. 5 is a block diagram of a display device
provided by an embodiment of the present disclosure; and

[0032] FIG. 6 is a flow chart of a manufacturing method
of an organic light-emitting diode provided by an embodi-
ment of the present disclosure.
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DETAILED DESCRIPTION

[0033] In order to make objects, technical details and
advantages of embodiments of the present disclosure clear,
the technical solutions of the embodiments will be described
in a clearly and fully understandable way in connection with
the related drawings. It is apparent that the described
embodiments are just a part but not all of the embodiments
of the present disclosure. Based on the described embodi-
ments herein, those skilled in the art can obtain, without any
inventive work, other embodiment(s) which should be
within the scope of the present disclosure.

[0034] Unless otherwise defined, all the technical and
scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art to
which the present disclosure belongs. The terms “first,”
“second.” etc., which are used in the description and claims
of the present disclosure, are not intended to indicate any
sequence, amount or importance, but distinguish various
components. The terms “comprises,” “comprising,”
“includes,” “including,” etc., are intended to specify that the
elements or the objects stated before these terms encompass
the elements or the objects listed after these terms as well as
equivalents thereof, but do not exclude other elements or
objects. The phrases “connect”, “connected”, etc., are not
intended to define a physical connection or mechanical
connection, but may comprise an electrical connection
which is direct or indirect. The terms “on.” “under,” “right.”
“left” and the like are only used to indicate relative position
relationship, and in a case that the position of an object is
described as being changed, the relative position relation-
ship may be changed accordingly.

[0035] An active matrix organic light-emitting diode
(AMOLED) has attracted more and more attentions due to
its advantages of being thin and light, and capable of
preparing a flexible and transparent display device. No
matter a small-sized display panel, a medium-sized display
panel or a large-sized display panel, more and more OLED
products are on the market, and customers have higher and
higher requirements for the resolution of the OLED display
panels.

[0036] While the resolution of the display panel is
increased, the aperture ratio of the display panel is continu-
ously decreased. If the brightness of the display panel is also
required to be increased, it has a greater test and requirement
for the lifetime of the display panel. After a long-term use of
the display panel, the lifetime of the display panel is
shortened. After the display panel is used for a long time, the
phenomenon of white balance color drift also appears. When
the white screen is turned on, the color appears red, green or
pink.

[0037] The shortening of the lifetime of the OLED display
panel depends on the stability of the material of each of the
layers of the OLED display panel on one hand and the
design of the device structure on the other hand. For the
material of each of the layers of the OLED display panel
itself, the stability of the material itself is able to be
increased by introducing rigid groups into material mol-
ecules. For the device structure design, carrier balance is
achieved by matching the function layers of the display
device. For example, in the OLED device, holes are injected
from an anode, and electrons are injected from a cathode; the
holes are transmitted by a hole transport layer, and the
electrons are transmitted by an electrode transport layer, and
finally the electrons and the holes are recombined to form
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excitons and emit light. If a composite region of the elec-
trons and the holes is at an interface between the electron
blocking layer (EBL) and the light-emitting layer (EML), it
is more conducive to the improvement of the composite
efficiency and the reduction of applied voltage, so the
composite region of the OLED device is generally designed
at the interface of the EBL and the EML. However, the
recombination of the electrons and the holes at the interface
of the EBL and the EML shortens the lifetime of the device.
Because the material of the electron blocking layer is
generally an electron-rich material, which contains aniline.
The recombination of the electrons and the holes at the
interface of the EBL and the EML means that a large number
of electrons are transmitted to the interface. If the transmit-
ted electrons cannot be completely and timely recombined
with the holes, then excessive electrons have the repulsive
force with the rich electrons in the material of the EBL, the
repulsive force causes the distortion of the benzene ring S
bond on aniline. The result of the distortion of the & bond
caused by the external force is the fracture of the bond,
which leads to the shortening of the lifetime of the OLED
device.

[0038] The inventors of the present disclosure found that
doping hole-type non-metallic material in the electron
blocking layer can effectively block the electrons and greatly
increase the LUMO energy level of the electron blocking
layer, which increases the barrier between the electron
blocking layer and the light-emitting layer, therefore, the
electrons are limited in the light-emitting layer as many as
possible to recombine with the holes, such that the prob-
ability of recombination to generate the excitons are both
increased in the light-emitting layer.

[0039] For example, FIG. 1 is a schematic sectional struc-
ture diagram of an organic light-emitting diode provided by
an embodiment of the present disclosure. As illustrated in
FIG. 1, the organic electroluminescent diode 100 comprises
a first electrode 101, a first electron blocking layer 102, a
light-emitting layer 103 and a second electrode 104 which
are stacked arranged in sequence, a surface of the first
electron blocking layer 102 in contact with the light-emitting
layer 103 is doped with a hole-type non-metallic material
1021.

[0040] For example, the hole-type non-metallic material
1021 comprises at least one selected from a group consisting
of 4,4 4"tris(N-3-methylphenyl-N-phenylamino)-triph-
enylamine (m-MTADATA) and tris(2-phenylpyridine)
Iridium (Ir(ppy)s). Those skilled in the art may also select
other appropriate doping materials according to actual
requirements.

[0041] For example, a mass percentage of the hole-type
non-metallic material 1021 in the first electron blocking
layer 102 ranges from about 0.5% to 10%. For example,
0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9% or 10% and
SO on.

[0042] For example, the mass percentage of the hole-type
non-metallic material 1021 in the first electron blocking
layer 102 ranges from about 1% to 5%. For example, 1.5%,
2.5%, 3.5% or 4.5% and so on.

[0043] For example, a host material of the first electron
blocking layer 102 comprises at least one selected from a
group consisting of N,N'-bis(3-methylphenyl)-NN'-diphe-
nyl-4,4'-biphenyldiamine,  4,4',4"-tris(carbazol-9-yl }triph-
enylamine and N,N'-(1-naphthyl)-N,N'-diphenyl-4,4'-biphe-
nyldiamine.
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[0044] For example, as illustrated in FIG. 1, the hole-type
non-metallic material 1021 is uniformly doped in the first
electron blocking layer 102, so that each portion of the first
electron blocking layer 102 has a same effect on blocking the
electrons, and the electrons entering the first electron block-
ing layer 102 are evenly distributed in the first electron
blocking layer 102.

[0045] For example, FIG. 2 is a schematic sectional struc-
ture diagram of an organic light-emitting diode provided by
another embodiment of the present disclosure. As illustrated
in FIG. 2, the hole-type non-metallic material 1021 is doped
in a portion of the first electron blocking layer 102, and
hole-type the portion doped with the hole-type non-metallic
material 1021 is on a side of the first electron blocking layer
102 close to the light-emitting layer. In this way, the elec-
trons entering the first electron blocking layer 102 are more
distributed on the side of the first electron blocking layer 102
close to the light-emitting layer 103, which is more condu-
cive to the recombination of the electrons and the holes in
the light-emitting layer 103.

[0046] For example, the material of the light-emitting
layer 103 is a light-emitting material, or a mixture formed by
doping the light-emitting material in the host material.
[0047] For example, the light-emitting material comprises
at least one selected from a group consisting of 4-(dinityl-
methyl)-2-butyl-6-(1,1,7,7-tetramethyljuroxidine-9-vinyl)-
4H-pyran (DCJTB), 8-hydroxyquinoline aluminum (Alqs),
bis (4,6-difluorophenylpyridine-N, C2) pyridinecarboxam-
ide iridium (Firpic), bis(2-methyl-diphenyl[f,h]quinoxaline)
(acetylacetonate) iridium (Ir (MDQ), (acac)) and tris(2-
phenylpyridine) Iridium (Ir(ppy);)-

[0048] For example, the host material of the light-emitting
layer comprises at least one selected from a group consisting
of N, N'-bis (3-methylphenyl)-N, N'-diphenyl-4,4'-biphenyl-
diamine (TPD), 4,4'4"-tris(carbazol-9-yl)triphenylamine
(TCTA),  N,N'-(1-naphthyl)-N,N'-diphenyl-4,4'-biphenyl-
diamine (NPB), 2-(4-biphenyl)-5-(4-tert-butyl)phenyl-1,3,
4-oxadiazole (PBD), 8-hydroxyquinoline aluminum (Algs),
4,7-diphenyl-1,10-phenanthroline (Bphen), 1,2,4-triazole
derivatives (e.g., TAZ) and N-arylbenzimidazole (TPBI).
The mass percentage of the light-emitting material in the
mixture formed by doping the light-emitting material into
the host material is from 10% to 20%.

[0049] For example, a thickness of the light-emitting layer
103 is from 2 nm to 50 nm, for example, the thickness of the
light-emitting layer 103 is 30 nm.

[0050] Forexample, a material of the first electrode 101 is
a transparent conductive material, the transparent conduc-
tive material comprises indium tin oxide (ITO), indium zinc
oxide (IZ0), indium gallium oxide (IGO), gallium zinc
oxide (GZO) zinc oxide (Zn0O), indium oxide (In,0;), zinc
aluminum oxide (AZQ) or carbon nanotube and so on.
[0051] For example, the material of the first electrode 101
is ametal conductive material, the metal conductive material
comprises a single metal, such as copper (Cu), chromium
(Cr), molybdenum (Mo), gold (Au), silver (Ag) and plati-
num (Pt), or an alloy material formed by the above metals,
such as copper chromium alloy (CuCr) or chromium molyb-
denum alloy (CrMo), and so on.

[0052] For example, a thickness of the first electrode 101
is from 40 nm to 120 nm, for example: 40 nm, 50 nm, 60 nm,
70 nm, 80 nm, 90 nm, 100 nm, 110 nm or 120 nm.

[0053] For example, the material of the second electrode
104 comprises a single metal, such as silver, magnesium,
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aluminum, or lithium; or the material of the second electrode
104 is magnesium aluminum alloy (MgAl) or lithium alu-
minum alloy (LiAl), and so on.

[0054] For example, a thickness of the second electrode is
from 3 nm to 30 nm, for example: 5 nm, 10 nm, 15 nm, 20
nm, 25 nm or 30 nm.

[0055] For example, the first electrode is an anode, the
second electrode is a cathode; or the first electrode is a
cathode, and the second electrode is an anode.

[0056] The first electrode 101 is arranged on a base
substrate 110, the base substrate 110 is a glass substrate, a
quartz, substrate or a plastic substrate and so on.

[0057] It should be noted that, the material and the struc-
ture of the first electrode and the second electrode are only
one example in the embodiment of the present disclosure.
The first electrode and the second electrode may also be
made of other materials. According to the different materials
of the first electrode and the second electrode, the device can
be divided into a single-sided light-emitting device and a
double-sided light-emitting device. In a case that the mate-
rial of one of the anode and cathode is transparent or
semi-transparent, the device is a single-sided light-emitting
type device. In a case that both the material of the anode and
the material of the cathode are transparent and/or semi-
transparent, the device is a double-sided light-emitting type
device.

[0058] For a single-sided light-emitting type OLED array
substrate, according to the different materials of the anode
and the cathode, the OLED array substrate can be divided
into two types: a top light-emitting type OLED array sub-
strate and a bottom light-emitting type OLED array sub-
strate. In a case that the anode is arranged close to the base
substrate, and the cathode is arranged far away from the base
substrate, and the material of the anode is transparent
conductive material, and the material of the cathode is
opaque conductive material, because light passes through
the anode and exits from the base substrate, so it is called as
the bottom light-emitting type OLED array substrate. In a
case that the material of the anode is opaque conductive
material and the material of the cathode is transparent or
semi-transparent conductive material, the light emitted from
the cathode far away from the base substrate, so it is called
as the top light-emitting type OLED array substrate. The
relative positions of the anode and the cathode can also be
exchanged, which are omitted herein.

[0059] For the double-sided light-emitting type OLED
array substrate, in a case that the anode is arranged close to
the base substrate, and the cathode is arranged far away from
the base substrate, and both the material of the anode and the
material of the cathode are transparent conductive material
and/or semi-transparent conductive material; on one hand,
light is emitted through the anode and then emitted from the
base substrate, and on the other hand, light is emitted from
the cathode away from the base substrate, so it is called as
the double-sided light-emitting type. Herein, the anode may
also be arranged away from the base substrate, and the
cathode is arranged close to the base substrate.

[0060] According to requirements, the material of the first
electrode and the material of the second electrode can be
selected to be suitable for the top light-emitting type OLED
array substrate, the bottom light-emitting type OLED array
substrate and the double-sided light-emitting type OLED
array substrate respectively. The embodiment of the present

May 28, 2020

disclosure does not limit the selection of the material of the
first electrode and the material of the second electrode.
[0061] Forexample, FIG. 3 is a schematic sectional struc-
ture diagram of an organic light-emitting diode provided by
still another embodiment of the present disclosure. As illus-
trated in FIG. 3, the organic light-emitting diode 100 further
comprises a hole transport layer 105, and the first electron
blocking layer 102 is arranged between the light-emitting
layer 103 and the hole transport layer 105.

[0062] For example, the material of the hole transport
layer 105 comprises at least one selected from a group
consisting of N,N'-bis(3-methylphenyl)-N,N'-diphenyl-4,4'-
biphenyldiamine (TPD), 4,4'4"-tris(carbazol-9-yl)triph-
enylamine (TCTA) and N,N'-(1-naphthyl)-N,N'-diphenyl-4,
4'-biphenyldiamine (NPB).

[0063] Forexample, a thickness of the hole transport layer
105 is from 1000 nm to 1300 nm, for example 1200 nm.
[0064] As illustrated in FIG. 3, the organic light-emitting
diode 100 further comprises: a hole injection layer 106
arranged between the first electrode 101 and the hole trans-
port layer 105; an electron transport layer 107 arranged
between the light-emitting layer 103 and the second elec-
trode 104; and an electron injection layer 108 arranged
between the electron transport layer 107 and the second
electrode 104.

[0065] For example, a material of the hole injection layer
106 is molybdenum oxide (MoOj), tungsten trioxide (WO;)
or vanadium pentoxide (V,05).

[0066] For example, the thickness of the hole injection
layer 106 is from 5 nm to 30 nm, for example, 20 nm.
[0067] For example, a material of the electron transport
layer 107 comprises at least one selected from a group
consisting of 2-(4-biphenyl)-5-(4-tert-butyl)phenyl-1,3,4-
oxadiazole (PBD), 8-hydroxyquinoline aluminum (Alg,),
4,7-diphenyl-1,10-phenanthroline (Bphen), 1,2,4-triazole
derivatives (e.g., TAZ) and N-arylbenzimidazole (TPBI).
[0068] Forexample, the thickness of the electron transport
layer 107 is from 20 nm to 35 nm, for example, 30 nm.
[0069] For example, the material of the electron injection
layer 108 comprises at least one selected from a group
consisting of lithium carbonate (Li,CO;), lithium chloride
(LiCl) and lithium fluoride (LiF).

[0070] For example, the thickness of the electron injection
layer 108 is from 1 nm to 3 nm, for example, 2 nm.
[0071] As illustrated in FIG. 3, the organic light-emitting
diode 100 further comprises a second electron blocking
layer 109 arranged between the first electron blocking layer
102 and the hole transport layer 105.

[0072] For example, the material of the second electron
blocking layer 109 is the same as the host material of the first
electron blocking layer 102. The second electron blocking
layer 109 may not be doped.

[0073] For example, the first electron blocking layer 102
and the second electron blocking layer 109 can control the
flow direction of electrons in the OLED (blocking the
reverse leakage current) to increase the luminous efficiency.
[0074] The embodiment of the present disclosure
increases the density of the holes at the recombination
interface, increases the utilization rate of the holes and
avoids the loss of the holes in the transmission process by
doping the hole-type non-metallic material 1021 in the first
electron blocking layer 102, which ensures that the holes are
timely recombined with the transmitted electrons, and
avoids the accumulation of too many electrons at the inter-
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face between the first electron blocking layer and the light-
emitting layer, so as to reduce the damage to the first
electron blocking layer, and finally the lifetime of the device
is prolonged.

[0075] The embodiment of the present disclosure further
provides a display panel, for example, FIG. 4 is a block
diagram of a display panel provided by an embodiment of
the present disclosure, and the display panel 200 comprises
any one of the organic light-emitting diodes 100 mentioned
above. Compared with a liquid crystal display, the OLED
(organic light-emitting diode) display panel has the advan-
tages of self-illumination, fast response and wide viewing
angle. The OLED display panel can be applied to a flexible
display, a transparent display, a 3D display, and so on.
[0076] The embodiment of the present disclosure further
provides a display device, for example, FIG. 5 is a block
diagram of a display device provided by an embodiment of
the present disclosure. The display device 300 comprises
any one of the display panels 200 mentioned above, and the
display device may be a liquid crystal display panel, an
electronic paper, a mobile phone, a tablet computer, a
television, a display, a notebook computer, a digital picture
frame, a navigator and any other product or component
having a display function.

[0077] The embodiment of the present disclosure further
provides a manufacturing method of an organic electrolu-
minescent diode, which comprises: forming a first electrode,
a first electron blocking layer, a light-emitting layer and a
second electrode, and a surface of the first electron blocking
layer in contact with the light-emitting layer is doped with
a hole-type non-metallic material; for example, the manu-
facturing method comprises: forming the first electrode, the
first electron blocking layer, the light-emitting layer and the
second electrode in sequence, or forming the second elec-
trode, the light-emitting layer, the first electron blocking
layer and the first electrode in sequence.

[0078] For example, in the manufacturing method pro-
vided by at least one embodiment of the present disclosure,
the hole-type non-metallic material comprises at least one
selected from a group consisting of 4,4',4"-tris(N-3-methyl-
phenyl-N-phenylamino)-triphenylamine ~ (m-MTADATA)
and tris(2-phenylpyridine) Iridium (Ir(ppy),).

[0079] Forexample, the hole-type non-metallic material is
uniformly doped in the first electron blocking layer.

[0080] Forexample, the hole-type non-metallic material is
doped in a portion of the first electron blocking layer, and the
portion of the first electron blocking layer doped with the
hole-type non-metallic material is on a side of the first
electron blocking layer close to the light-emitting layer.
[0081] For example, the manufacturing method further
comprises: forming a hole transport layer between the first
electrode and the first electron blocking layer; forming a
hole injection layer between the first electrode and the hole
transport layer, forming an electron transport layer between
the light-emitting layer and the second electrode; and form-
ing an electron injection layer between the electron transport
layer and the second electrode.

[0082] For example, the manufacturing method provided
by at least one embodiment of the present disclosure further
comprises: forming a second electron blocking layer
between the first electron blocking layer and the hole
transport layer.

[0083] For example, FI1G. 6 is a flow chart of a manufac-
turing method of an organic light-emitting diode provided
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by an embodiment of the present disclosure. As illustrated in
FIG. 6, the manufacturing method comprises the follows.
[0084] S11: providing a base substrate.

[0085] S12: forming a first electrode, a hole injection
layer, a hole transport layer, a second electron blocking
layer, a first electron blocking layer, a light-emitting layer,
an electron transport layer, an electron injection layer and a
second electrode on the base substrate in sequence, a surface
of the first electron blocking layer contacting the light-
emitting layer is doped with a hole-type non-metallic mate-
rial.

[0086] For example, the step S12 can also be in the order
of: forming the second electrode, the electron injection layer,
the electron transport layer, the light-emitting layer, the first
electron blocking layer, the second electron blocking layer,
the hole transport layer, the hole injection layer and the first
electrode in sequence, which are omitted herein.

[0087] For example, the hole-type non-metallic material
comprises at least one selected from a group consisting of
44" 4"-tris(N-3-methylphenyl-N-phenylamino)-triph-
enylamine (m-MTADATA) and tris(2-phenylpyridine)
Iridium (Ir(ppy); ).

[0088] Forexample, the hole-type non-metallic material is
uniformly doped in the first electron blocking layer.

[0089] Forexample, the hole-type non-metallic material is
doped in a portion of the first electron blocking layer, and the
portion of the first electron blocking layer doped with the
hole-type non-metallic material is on a side of the first
electron blocking layer close to the light-emitting layer.
[0090] Forexample, all of the first electron blocking layer,
the second electron blocking layer and the light-emitting
layer are formed by an evaporation method.

[0091] The materials of the above layers can refer to the
descriptions in the above embodiments, which are omitted
herein.

[0092] Forexample, all of the hole injection layer, the hole
transport layer, the first electron blocking layer, the second
electron blocking layer, the light-emitting layer, the electron
transport layer and the electron injection layer are formed by
an evaporation method.

[0093] Forexample, the apparatus used in the embodiment
of the present disclosure is: a high vacuum coating equip-
ment (Shenyang Scientific Instrument Development Center
Co., Ltd., pressure<Ix10~ pa).

[0094] For example, in the above embodiments, the first
electron blocking layer and the light-emitting layer are
formed by the evaporation process, such as a co-evapora-
tion. For example. during the fabrication of the first electron
blocking layer, the doping material and the host material in
the first electron blocking layer are premixed first, and then
an evaporation source is used to realize the co-evaporation.
The co-evaporation of the light-emitting layer is similar to
the co-evaporation of the first electron blocking layer, which
are omitted herein. In addition to the first electron blocking
layer and the light-emitting layer, other film layers in the
organic light-emitting diode can also be formed by the
co-evaporation method.

[0095] The structure and manufacturing method of the
organic electroluminescent diode of the present disclosure
will be described below in combination with specific
embodiments. It can be understood by those skilled in the art
that the following specific embodiments are only used to
explain the concept of the present disclosure and are not
intended to define the present disclosure.
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First Example

[0096] Providing the base substrate; forming an indium tin
oxide (ITO) layer on the base substrate, the ITO layer is used
as the anode; and forming the hole injection layer (from 5
nm to 30 nm), the hole transport layer (from 1000 nm to
1300 nm), the first electron blocking layer (from 10 nm to
80 nm), the light-emitting layer (from the 20 nm to 40 nm),
the electron transport layer (from 20 nm to 35 nm), the
electron injection layer (from 1 nm to 3 nm), and a Mg—Ag
alloy cathode in sequence.

[0097] The hole-type non-metallic material is m-MTA-
DATA.

Second Example
[0098] Providing a base substrate; forming an indium tin

oxide (ITO) layer on the base substrate, the ITO layer is used
as the anode; and forming the hole injection layer (from 5
nm to 30 nm), the hole transport layer (from 1000 nm to
1300 nm), the second electron blocking layer (from 5 nm to
70 nm), the first electron blocking layer (from 5 nm to 10
nm), the light-emitting layer (from 20 nm to 40 nm), the
electron transport layer (from 20 nm to 35 nm), the EIL layer
(from 1 nm to 3 nm) and the Mg—Ag alloy cathode in
sequence.

[0099] The hole-type non-metallic material is Ir(ppy),.
[0100] The embodiment of the present disclosure provides
an organic electroluminescent diode, a display panel, a
display device and a manufacturing method of the organic
electroluminescent diode, which have at least one of the
following beneficial effects:

[0101] (1) the organic electroluminescent diode provided
by at least one embodiment of the present disclosure pro-
longs the lifetime of the organic electroluminescent diode by
doping or partially doping a hole-type non-metallic material
in the first electron blocking layer.

[0102] (2) the organic electroluminescent diode provided
by at least one embodiment of the present disclosure
increases the density of the holes at the recombination
interface, increases the utilization rate of the holes and
avoids the loss of the holes in the transmission process by
doping or partially doping the hole-type non-metallic mate-
rial in the first electron blocking layer.

[0103] (3) the organic electroluminescent diode provided
by at least one embodiment of the present disclosure ensures
that the holes are timely recombined with the transmitted
electrons, and avoids the accumulation of too many elec-
trons at the interface between the first electron blocking
layer and the light-emitting layer, so as to reduce the damage
to the first electron blocking layer.

[0104] The following points required to be explained:
[0105] (1) the drawings of the embodiments of the present
disclosure only relate to the structures related to the embodi-
ments of the present disclosure, and other structures can
refer to the general design.

[0106] (2) for the sake of clarity, in the drawings used to
describe the embodiments of the present disclosure, the
thickness of layers or areas is enlarged or reduced, that is, the
drawings are not drawn according to the actual scale. It is
understood that in the case that an element such as a layer,
membrane, region, or substrate is referred to as being “up”
or “down” on another element, the element may be
“directly” on “or” down “on another element or there may
be intermediate elements.
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[0107] (3) without conflict, the embodiments of the pres-
ent disclosure and the features in the embodiments may be
combined with each other to obtain new embodiments.

[0108] What are described above is related to only the
illustrative embodiments of the present disclosure and not
limitative to the protection scope of the present application.
Any changes or substitutions that are easy for those skilled
in the art to envisage are intended to be encompassed within
the scope of the present disclosure. Therefore, the protection
scope of the present application shall be defined by the
accompanying claims.

1: An organic electroluminescent diode, comprising: a
first electrode, a first electron blocking layer, a light-emitting
layer and a second electrode which are stacked arranged in
sequence, wherein a surface of the first electron blocking
layer in contact with the light-emitting layer is doped with
a hole-type non-metallic material.

2: The organic electroluminescent diode according to
claim 1, wherein the hole-type non-metallic material com-
prises at least one selected from a group consisting of
44" 4"-tris(N-3-methylphenyl-N-phenylamino)-triph-
enylamine (m-MTADATA) and tris(2-phenylpyridine)
Iridium (Ir(ppy)s)-

3: The organic electroluminescent diode according to
claim 1, wherein a mass percentage of the hole-type non-
metallic material in the first electron blocking layer ranges
from about 0.5% to 10%.

4: The organic electroluminescent diode according to
claim 3, wherein the mass percentage of the hole-type
non-metallic material in the first electron blocking layer
ranges from about 1% to 5%.

5. The organic electroluminescent diode according to
claim 1, wherein a host material of the first electron blocking
layer comprises at least one selected from a group consisting
of N,N'-bis(3-methylphenyl)-N,N'-diphenyl-4,4'-biphenyl-
diamine, 4.4',4"-tris(carbazol-9-yl)triphenylamine and N,N'-
(1-naphthyl)-N,N'-diphenyl-4,4'-biphenyldiamine.

6: The organic electroluminescent diode according to
claim 1, wherein the hole-type non-metallic material is
uniformly doped in the first electron blocking layer.

7. The organic electroluminescent diode according to
claim 1, wherein the hole-type non-metallic material is
doped in a portion of the first electron blocking layer, and the
portion of the first electron blocking layer doped with the
hole-type non-metallic material is on a side of the first
electron blocking layer close to the light-emitting layer.

8: The organic electroluminescent diode according to
claim 1, further comprising a hole transport layer, wherein
the first electron blocking layer is arranged between the
light-emitting layer and the hole transport layer.

9: The organic electroluminescent diode according to
claim 8, further comprising: a hole injection layer arranged
between the first electrode and the hole transport layer; an
electron transport layer arranged between the light-emitting
layer and the second electrode; and an electron injection
layer arranged between the electron transport layer and the
second electrode.

10: The organic electroluminescent diode according to
claim 8, further comprising: a second electron blocking
layer arranged between the first electron blocking layer and
the hole transport layer.



US 2020/0168831 A1

11: The organic electroluminescent diode according to
claim 10, wherein a material of the second electron blocking
layer is same as a host material of the first electron blocking
layer.

12: A display panel, comprising the organic electrolumi-
nescent diode according to claim 1.

13: A display device, comprising the display panel
according to claim 12.

14: A manufacturing method of an organic electrolumi-
nescent diode, comprising:

forming a first electrode, a first electron blocking layer, a

light-emitting layer and a second electrode, wherein a
surface of the first electron blocking layer in contact
with the light-emitting layer is doped with a hole-type
non-metallic material.

15: The manufacturing method according to claim 14,
wherein the hole-type non-metallic material comprises at
least one selected from a group consisting of 4,4',4"-tris(N-
3-methylphenyl-N-phenylamino)-triphenylamine (m-MTA-
DATA) and tris(2-phenylpyridine) Iridium (Ir(ppy)s,)-

16: The manufacturing method according to claim 14,
wherein the hole-type non-metallic material is uniformly
doped in the first electron blocking layer.
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17: The manufacturing method according to claim 14,
wherein the hole-type non-metallic material is doped in a
portion of the first electron blocking layer, and the portion of
the first electron blocking layer doped with the hole-type
non-metallic material is on a side of the first electron
blocking layer close to the light-emitting layer.

18. The manufacturing method according to claim 14,
further comprising: forming a hole transport layer between
the first electrode and the first electron blocking layer;
forming a hole injection layer between the first electrode and
the hole transport layer; forming an electron transport layer
between the light-emitting layer and the second electrode;
and forming an electron injection layer between the electron
transport layer and the second electrode.

19: The manufacturing method according to claim 18,
further comprising: forming a second electron blocking
layer between the first electron blocking layer and the hole
transport layer.

20: The manufacturing method according to claim 19,
wherein all of the first electron blocking layer, the second
electron blocking layer and the light-emitting layer are
formed by an evaporation method.
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