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(57) ABSTRACT

The present disclosure provides an OLED display panel, an
electronic device, and a manufacturing method. The OLED
display panel comprises a first electrode, a light-emitting
layer, a first function layer, and a second electrode. The first
function layer includes at least a first-type blocking layer
disposed adjacent to the light-emitting layer. A first guest
material is doped into a host material of the first-type
blocking layer, and a ratio of a second-type carrier mobility
of the host material over a second-type carrier mobility of
the first guest material is greater than or equal to about 10.
The first-type is a hole-type and the second-type is an
electron-type, or the first-type is an electron-type and the
second-type is a hole-type.
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ORGANIC LIGHT-EMITTING DIODE
(OLED) DISPLAY PANEL, ELECTRONIC
DEVICE AND MANUFACTURING METHOD

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the priority of Chinese
Patent Application No. CN201611168770.2, filed on Dec.
16, 2016, the entire contents of which are incorporated
herein by reference.

FIELD OF THE DISCLOSURE

[0002] The present disclosure generally relates to the
display technology and, more particularly, relates to an
OLED display panel, an electronic device and a manufac-
turing method thereof.

BACKGROUND

[0003] Generally, the structure of an organic electrolumi-
nescent device often include an anode, an auxiliary function
layer (e.g., a hole transport layer, an electron transport layer,
and an electron injection layer, etc.), a light-emitting layer,
and a cathode. When a voltage is applied between the anode
and the cathode, the holes and electrons are transported to
the light-emitting layer to be recombined to form excitons in
the light-emitting layer. Driven by the electric field, the
excitons are migrated to transfer the energy to the light-
emitting material, thereby stimulating electrons in the light-
emitting material to transition from a base state to an excited
state. Through radiation inactivation, the energy at the
excited state produces photons to emit light.

[0004] In an existing organic electroluminescent device,
the holes and electrons often pass through the light-emitting
layer to reach the cathode and the anode, respectively. The
energy carried by such holes and electrons may not be
utilized to stimulate the light-emitting material to emit light,
reducing the efficiency and life span of the device. At the
same time, the recombined holes and electrons often form
excitons which diffuse laterally. Some excitons may diffuse
to other regions that have not been doped with light-emitting
material, such as a hole transport layer or an electron
transport layer, then may get attenuated. However, such
attenuated excitons do not produce any photons. Thus, the
light-emitting efficiency of such organic electroluminescent
device may be reduced.

[0005] In addition, excessive accumulation of electrons
and holes in the hole transport layer and the electron
transport layer may cause the materials in the hole transport
layer and the electron transport layer to have an unstable
charged state. Irreversible chemical reaction is likely to
occur to such charged material, and the material properties
may change or deteriorate. As a result, a reduction in
efficiency and life span of the device may be obviously
observed.

[0006] The disclosed OLED display panel, electronic
device and manufacturing method are directed to solve one
or more problems set forth above and other problems.

BRIEF SUMMARY OF THE DISCLOSURE

[0007] One aspect of the present disclosure provides an
OLED display panel, comprising a first electrode, a light-
emitting layer, a first function layer, and a second electrode.
The first function layer includes at least a first-type blocking
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layer disposed adjacent to the light-emitting layer. A first
guest material is doped into a host material of the first-type
blocking layer, and a ratio of a second-type carrier mobility
of the host material over a second-type carrier mobility of
the first guest material is greater than or equal to about 10.
The first-type is a hole-type and the second-type is an
electron-type, or the first-type is an electron-type and the
second-type is a hole-type.

[0008] Another aspect of the present disclosure provides
an electronic device, including a disclosed OLED display
panel.

[0009] Another aspect of the present disclosure provides a
manufacturing method for the OLED display panel, com-
prising sequentially forming a first electrode, a light-emit-
ting layer, a first function layer, and a second electrode, or
sequentially forming a second electrode, a first function
layer, a light-emitting layer, and a first electrode. The first
fanction layer includes at least a first-type blocking layer
disposed adjacent to the light-emitting layer, a first guest
material is doped into a host material of the first function
layer, and a ratio of a second-type carrier mobility of the host
material over a second-type carrier mobility of the first guest
material is greater than or equal to about 10. The first-type
is a hole-type and the second-type is an electron-type, or the
first-type is an electron-type and the second-type is a hole-
type.

[0010] Other aspects of the present disclosure can be
understood by those skilled in the art in light of the descrip-
tion, the claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The following drawings are merely examples for
illustrative purposes according to various disclosed embodi-
ments and are not intended to limit the scope of the present
disclosure.

[0012] FIG. 1 illustrates a cross-sectional view of an
exemplary OLED display panel according to the disclosed
embodiments;

[0013] FIG. 2 illustrates a life span measurement result
chart comparing two existing OLED display panels and an
exemplary electron-rich OLED display panel according to
the disclosed embodiments;

[0014] FIG. 3 illustrates a current density vs external
quantum efficiency measurement result chart comparing two
existing OLED display panels and an exemplary display
panel shown in FIG. 2;

[0015] FIG. 4 illustrates a cross-sectional view of another
exemplary OLED display panel according to the disclosed
embodiments;

[0016] FIG. 5 illustrates a life span measurement result
chart comparing an existing OLED display panel and an
exemplary hole-rich OLED display panel according to the
disclosed embodiments;

[0017] FIG. 6 illustrates a current density vs external
quantum efficiency measurement result chart comparing an
existing OLED display panel and an exemplary display
panel shown in FIG. 5;

[0018] FIG. 7 illustrates a cross-sectional view of another
exemplary OLED display panel according to the disclosed
embodiments;

[0019] FIG. 8illustrates a schematic view of an exemplary
electronic device according to the disclosed embodiments;
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[0020] FIG. 9 illustrates a flow chart of an exemplary
manufacturing method for an exemplary OLED display
panel according to the disclosed embodiments;

[0021] FIG. 10 illustrates a flow chart of another exem-
plary method for manufacturing an exemplary OLED dis-
play panel according to the disclosed embodiments; and
[0022] FIG. 11 illustrates a flow chart of another exem-
plary method for manufacturing an exemplary OLED dis-
play panel according to the disclosed embodiments.

DETAILED DESCRIPTION

[0023] Reference will now be made in detail to exemplary
embodiments of the disclosure, which are illustrated in the
accompanying drawings. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like parts. It should be understood that
the exemplary embodiments described herein are only
intended to illustrate and explain the present invention and
not to limit the present invention. In addition, it should also
be noted that, for ease of description, only part, but not all,
of the structures associated with the present invention are
shown in the accompanying drawings.

[0024] The present disclosure provides an OLED display
panel comprising at least a first electrode, a light-emitting
layer, a first function layer, and a second electrode, which are
disposed in layers. The first function layer may include at
least a first-type blocking layer, which may be disposed
adjacent to the light-emitting layer. A first guest material
may be doped in the first-type blocking layer. In the first-
type blocking layer, the ratio of the mobility of the second-
type carrier inside the host material over the mobility of the
second-type carrier inside the first guest material may be
greater than or equal to about 10.

[0025] Inoneembodiment, the above-mentioned first-type
may be a hole-type, and the above-mentioned second-type
may be an electron-type. Accordingly, the first electrode
may be an anode of an OLED device, and the second
electrode may be a cathode of the OLED device. In another
embodiment, the above-mentioned first-type may be an
electron-type, and the above-mentioned second-type may be
a hole-type. Accordingly, the first electrode may be a cath-
ode of an OLED device, and the second electrode may be an
anode of the OLED device. The anode may be a transparent
conductive film made of ITO, AZO, or 1Z0. The cathode
may be made of Al, Pt, Au, Ag, MgAg alloy, YbAg alloy, or
Ag rare earth metal alloy. In addition to the first-type
blocking layer, the first function layer may further include at
least one of a second-type injection layer, and a second-type
transport layer.

[0026] In one embodiment, to prevent the excitons formed
by recombined electrons and holes from diffusing laterally
to other layers on both sides of the light-emitting layer, the
locations where excitons are recombined to emit light may
be adjusted in an electron-rich OLED device or a hole-rich
OLED device.

[0027] Forexample, in the electron-rich OLED device, the
OLED display panel according to the present disclosure may
comprise at least a first electrode, a light-emitting layer, a
first function layer, and a second electrode, which are
disposed in layers. The first function layer may include at
least a hole blocking layer, which may be disposed adjacent
to the light-emitting layer. A first guest material may be
doped in the hole blocking layer. In the hole blocking layer,
the ratio of the electron mobility of the host material over the
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electron mobility of the first guest material may be config-
ured to be greater than or equal to about 10.

[0028] Because the hole blocking layer is disposed
between the light-emitting layer and the second electrode,
the hole blocking layer may be able to prevent an excessive
number of holes from passing through the light-emitting
layer to reach the side of the light-emitting layer far away
from the first electrode. Thus, the excitons may be prevented
from diffusing to regions other than the light-emitting layer
and, accordingly, the utilization of the excitons and the
light-emitting efficiency of the device may be improved.
[0029] Further, the guest material (i.e., the first guest
material) may be doped into the hole blocking layer. In the
hole blocking layer, the ratio of the electron mobility of the
host material over the electron mobility of the first guest
material may be configured to be greater than or equal to
about 10. That is, the guest material having a smaller
electron mobility than the host material may be doped in the
hole blocking layer. For the electron-rich OLED device, the
guest material having a substantially small electron mobility
may reduce the electron movement, adjust the balance of the
electrons and holes in the light-emitting layer, confine the
electron and hole recombination in the light-emitting layer,
and increase the light-emitting efficiency and life span of the
device.

[0030] Further, the guest and host materials in the hole
blocking layer may have a higher triplet state energy level
than the light-emitting layer, preventing the excitons formed
by the electron and hole recombination from diffusing to
organic layers other than the light-emitting layer. Thus, the
efficiency of the organic electroluminescent device may be
improved.

[0031] For example, in the hole-rich OLED device, the
OLED display panel according to the present disclosure may
comprise at least a first electrode, a light-emitting layer, a
first function layer, and a second electrode, which are
disposed in layers. The first function layer may include at
least an electron blocking layer, which may be disposed
adjacent to the light-emitting layer. A first guest material
may be doped into the electron blocking layer. In the
electron blocking layer, the ratio of the hole mobility of the
host material over the hole mobility of the first guest
material may be configured to be greater than or equal to
about 10.

[0032] Because the electron blocking layer may be dis-
posed between the light-emitting layer and the second
electrode, the electron blocking layer may be able to prevent
an excessive number of electrons from passing through the
light-emitting layer to reach the side of the light-emitting
layer far away from the first electrode. Thus, the excitons
may be prevented from diffusing to regions other than the
light-emitting layer and, accordingly, the excitons utilization
and the light-emitting efficiency of the device may be
improved.

[0033] Further, the guest material (i.e., first guest material)
may be doped in the electron blocking layer, and in the
electron blocking layer, the ratio of the hole mobility of the
host material over the hole mobility of the guest material
may be configured to be greater than or equal to about 10.
That is, the guest material having a smaller hole mobility
than the host material may be doped into the electron
blocking layer. For the hole-rich OLED device, the guest
material having a substantially small hole mobility may
reduce the hole movement, adjust the balance of the elec-
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trons and holes in the light-emitting layer, confine the
electron and hole recombination in the light-emitting layer,
and increase the light-emitting efficiency and life span of the
device.

[0034] Further, the guest and host materials in the electron
blocking layer may have a higher triplet state energy level
than the light-emitting layer, preventing the excitons formed
by the electron and hole recombination from diffusing to
organic layers other than the light-emitting layer. Thus, the
efficiency of the organic electroluminescent device may be
improved.

[0035] FIG. 1 illustrates a cross-sectional view of an
exemplary OLED display panel according to the present
disclosure. As shown in FIG. 1, the OLED display panel
may include at least a first electrode 10, a light-emitting
layer 20, a first function layer 30, and a second electrode 40.
Other appropriate components may also be included.
[0036] Inparticular, the first function layer 30 may include
at least a hole blocking layer 31. The hole blocking layer 31
may be disposed adjacent to the light-emitting layer 20. In
one embodiment, as shown in FIG. 1, the hole blocking layer
31 may be disposed between the light-emitting layer 20 and
the second electrode 40 of the OLED display panel, such
that an excessive number of holes may be prevented from
passing through the light-emitting layer 20 to reach the
second electrode 40. Thus, the holes may be effectively
confined to the light-emitting layer 20, the exciton yield may
be increased, and the light-emitting efficiency may be
improved.

[0037] In general, the electrons and holes in the OLED
devices are not balanced. For the hole-rich OLED device,
the electrons and holes may be recombined in a region or the
surface of the light-emitting layer 20 which is adjacent to the
second electrode 40, such that the electrons and holes may
be recombined in a narrow region. When a current density
is substantially high, the exciton density in the narrow region
may be substantially high. Excitons may interact with each
other to cause, for example, triplet-triplet annihilation, and
triplet-singlet annihilation, etc., such that the exciton utili-
zation may be reduced, and the efliciency of the OLED
display panel may be reduced accordingly. At the same time,
a large number of excitons accumulated in the narrow region
may cause the light-emitting material to deteriorate and,
thus, the life span of the OLED display device may be
reduced.

[0038] Further, in one embodiment, a first guest material
A may be doped in a host material B of the hole blocking
layer 31. In the hole blocking layer 31, the ratio of the
electron mobility (u, B) corresponding to the host material
B over the electron mobility (i, A)corresponding to the first
guest material A may be configured to be greater than or
equal to about 10. That is, the first guest material A having
a smaller electron mobility (u, A) than the host material B
may be doped in the hole blocking layer 31.

[0039] In the hole blocking layer 31 of the electron-rich
device, the first guest dopant material A, which has a smaller
electron mobility (i, A) than the guest material B, may
reduce the electron movement, adjust the balance of the
electrons and holes in the light-emitting layer 20, confine the
electron and hole recombination in the light-emitting layer
20, and increase the light-emitting efficiency and life span of
the device.

[0040] In one embodiment, the first electrode 10 may be
an anode, and the second electrode 40 may be a cathode.
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Optionally, the first function layer 30 may also include at
least one of an electron injection layer 33, and an electron
transport layer 32. For example, referring to FIG. 1, the
electron transport layer 32 may be disposed between the
hole blocking layer 31 and the electron injection layer 33.
The electron injection layer 33 may be disposed between the
electron transport layer 32 and the second electrode 40.

[0041] The hole blocking layer 31 may include electron
transport type materials. The hole blocking layer 31 may
include at least one of metal complexes, oxadiazole-based
materials, imidazole-based materials, triazole-based materi-
als, pyridine-based materials, o-phenanthroline-based mate-
rials, organoboron-based materials, and organosilicon-based
materials.

[0042] The host material B of the hole blocking layer 31
may include, for example, at least one of 3,3'-[5'-[3-(3-
pyridinyl)phenyl][1,1':3',1"-terphenyl]-3,3"-diyl]bispyri-
dine (TmPyPB), 4,4-bis(9-carbazoly)-1,1'-biphenyl (BCP),
4,6-bis(3,5-di(pyridine-4-yl)phenyl)-2-Methylpyrimidine
(B4PyMPM), star oxadiazole, and 1,3,5-tris(N-phenyl-2-
benzimidazole) benzene (TPBi). The first guest material A of
the hole blocking layer 31 may include, for example, at least
one of 8-hydroxyquinoline aluminum (Alg3), 8-hydroxyqui-
noline lithium (Liq), 2-(4-biphenyl)-5-phenyl oxadiazole
(PBD), 2,5-bis-(4-naphthyl)-1,3,4-oxadiazole (BND), tris-
(2,3,5,6-trimethyl)phenylboron, and 2,5-diaryl silicon.

[0043] The skeletal structural formula of 4,6-bis(3,5-di
(pyridine-4-yl)phenyl)-2-MethylpyriMidine (B4PyMPM) is

[0044] The skeletal structural formula of 2,5-bis-(4-naph-
thyl)-1,34-oxadiazole (BND) is

[0045]
1s

The skeletal structural formula of 2,5-diaryl silicon
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[0046] The skeletal structural formula of star oxadiazole is
/N\IN I\ll,l\'\
ch17/®/<0 o>\©\Can.
N? o

\
=
Cslliz
[0047] The skeletal structural formula of tris-(2,3,5,6-

trimethyl)phenylboron is

R F
B
R
[0048] The skeletal structural formula of 1,3,5-tris(N-

phenyl-2-benzimidazole) benzene (TPBi) is

[0049] In one embodiment, the highest occupied orbital
level HOMOyj of the host material B of the hole blocking
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layer 31 may be at least approximately 0.3 eV higher than
the highest occupied orbital level HOMO, of the host
material C of the light-emitting layer 20, and the highest
occupied orbital level HOMO, of the first guest material A
of the hole blocking layer 31 may be at least approximately
0.3 eV higher than the highest occupied orbital level
HOMO,. of the host material C of the light-emitting layer 20,
such that the hole blocking layer 31 may be effective in
blocking hole movement.

[0050] In the electroluminescent process, the singlet and
triplet excitons may be generated in a ratio of approximately
1:3 and, thus, it is critical to effectively utilize the triplet
excitons to improve the device efficiency. Thus, the triplet
state energy level T, of the host material B of the hole
blocking layer 31 may be configured to be greater than the
triplet state energy level T, of the host material C of the
light-emitting layer 20, and the triplet state energy level T ,
of the first guest material A of the hole blocking layer 31 may
be configured to be greater than the triplet state energy level
T. of the host material C of the light-emitting layer 20,
which may improve the utilization rate of the triplet state
excitons from the device structure perspective.

[0051] After the triplet state excitons are generated in the
light-emitting layer 20, through utilizing the higher triplet
state energy level property of the hole blocking layer 31, the
triplet state excitons in the light-emitting layer 20 may be
prevented from being transported to other layers (e.g., the
electron transport layer 32) outside the light-emitting layer
20. Thus, the exciton utilization rate of the device may be
improved, and the light-emitting efficiency of the device
may be increased.

[0052] The content of the host material B in the hole
blocking layer 31 may be determined according to various
application scenarios. In one embodiment, the content (i.e.,
weight percentage) of the host material B in the hole
blocking layer 31 may be configured to be greater than or
equal to about 90%. Provided that the content of the host
material B effectively confine the holes in the light-emitting
layer 20, through doping the first guest material A into the
host material B of the hole blocking layer 31, the electron
injection rate into the light-emitting layer 20 may be
reduced, and the electrons and holes in the light-emitting
layer 20 may be balanced, such that the electrons and holes
may be recombined in the center of the light-emitting layer
20. The exciton binding region may be widened, and the
efficiency and life span of the device may be increased.

[0053] In one embodiment, the electron mobility of the
host material B and the first guest material A in the hole
blocking layer 31 may be configured to be 107* cm™2/
V-8=y, B=10™ cm V'S, and p, A<10™* cm™/V'S,
respectively. The host material B and the first guest material
A may be selected to satisfy the above relationship, such that
the efficiency and life span of the device may be increased.

[0054] For example, y, B may be approximately 10~
cm™%/V-S, and p, A may be approximately 10~* cm™%/V'S.
The hole blocking layer 31 may have a thickness ranging
approximately between the 1 nm and 20 nm. For example,
the hole blocking layer 31 may have a thickness of about 5
nm. The thickness of the hole blocking layer 31 may be
selected according to various application scenarios. The hole
blocking layer 31 having a substantially thin thickness may
be ineffective to block the hole movement, and the hole
blocking layer 31 having a substantially thick thickness may
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not only block the hole movement, but also increase the
operating voltage of the device.

[0055] FIG. 2 illustrates a life span measurement result
chart comparing two existing OLED display panels and an
exemplary electron-rich OLED display panel according to
the present disclosure. The device of the existing technology
reference 1 in FIG. 2 may include a first electrode, a hole
injection layer, a hole transport layer. a light-emitting layer,
an electron transport layer, an electron injection layer, and a
second electrode.

[0056] The first electrode of the existing technology ref-
erence 1 may be made of indium tin oxide (ITO), and may
have a thickness of about 150 nm. The hole injection layer
may be made of N,N-diphenyl-N,N-bis(1-naphthyl)-1,1-
diphenyl-4,4-diamine (NPB) doped with 2,3.5,6-tetrafluoro-
7,7'8.8-tetracyanoquinodimethane ~ (F4-TCNQ).  The
F4-TCNQ material may have a doping ratio of about 3% by
weight. The hole injection layer may have a thickness of
about 10 nm. The hole transport layer may be made of NPB,
and may have a thickness of about 50 nm.

[0057] Thehost material of the light-emitting layer may be
1,4-bis(5-p-tert-butylphenyl-1,3 4-oxadiazolyl-2)benzene
(OXD-7). The guest material may be tris(2-phenylpyridine)
iridium (Ir(PPY),). Ir(PPY); may have a doping ratio of
about 6% by weight. The light-emitting layer may have a
thickness of about 25 nm. The electron transport layer may
be made of 8-hydroxyquinoline aluminum (Alg3), and may
have a thickness of about 40 nm. The electron injection layer
may be made of LiF, and may have a thickness of about 1
nm. The second electrode may be made of Al, and may have
a thickness of about 200 nm.

[0058] Further, the device of the existing technology ref-
erence 2 in FIG. 2 may include a first electrode, a hole
injection layer, a hole transport layer, an electron blocking
layer, a light-emitting layer, a hole blocking layer, an elec-
tron transport layer, an electron injection layer, and a second
electrode.

[0059] The first electrode of the existing technology ref-
erence 2 may be made of indium tin oxide (ITO), and may
have a thickness of about 150 nm. The hole injection layer
may be made of N,N-diphenyl-N,N-bis(1-naphthyl)-1,1-
diphenyl-4,4-diamine (NPB) doped with 2,3.5,6-tetrafluoro-
7,78 8-tetracyanoquinodimethane ~ (F4-TCNQ).  The
F4-TCNQ material may have a doping ratio of about 3% by
weight. The hole injection layer may have a thickness of
about 10 nm. The hole transport layer may be made of NPB,
and may have a thickness of about 50 nm. The electron
blocking layer may be made of 4,4'-cyclohexylbis|N,N-bis
(4-methylphenyl)aniline] (TAPC), and may have a thickness
of about 5 nm.

[0060] Thehost material of the light-emitting layer may be
1,4-bis(5-p-tert-butylphenyl-1,3,4-oxadiazolyl-2)benzene

(OXD-7). The guest material may be tris(2-phenylpyridine)
iridium (Ir(PPY),). Ir(PPY); may have a doping ratio of
about 6% by weight. The light-emitting layer may have a
thickness of about 25 nm. The hole blocking layer may be
made of 2,9-dimethyl-4,7-biphenyl-1,10-phenanthroline
(BCP), and may have a thickness of about 5 nm. The
electron transport layer may be made of 8-hydroxyquinoline
aluminum (Alq3), and may have a thickness of about 40 nm.
The electron injection layer may be made of LiF, and may
have a thickness of about 1 nm. The second electrode may
be made of Al, and may have a thickness of about 200 nm.
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[0061] Referring to FIG. 2, the OLED display panel
according to the present disclosure may include a first
electrode, a hole injection layer, a hole transport layer, an
electron blocking layer, a light-emitting layer, a hole block-
ing layer, an electron transport layer, an electron injection
layer, and a second electrode.

[0062] In one embodiment, the first electrode may be
made of indium tin oxide (ITO), and may have a thickness
of about 150 nm. The hole injection layer may be made of
N,N-diphenyl-N,N-bis(1-naphthyl)-1,1-diphenyl-4,4-di-
amine (NPB) doped with 2,3,5 6-tetrafluoro-7,7',8,8'-tetra-
cyanoquinodimethane (F4-TCNQ). The F4-TCNQ material
may have a doping ratio of about 3% by weight. The hole
injection layer may have a thickness of about 10 nm.

[0063] The hole transport layer may be made of NPB, and
may have a thickness of about 50 nm. The electron blocking
layer may be made of 4,4'-cyclohexylbis| N,N-bis(4-meth-
ylphenyl)aniline] (TAPC), and may have a thickness of
about 5 nm. The host material of the light-emitting layer may
be  1,4-bis(5-p-tert-butylphenyl-1,3,4-oxadiazolyl-2)ben-
zene (OXD-7), and the guest material may be tris(2-phe-
nylpyridine)iridium (Ir(PPY),). Ir(PPY), may have a doping
ratio of about 6% by weight. The light-emitting layer may
have a thickness of about 25 nm.

[0064] Thehost material of the hole blocking layer may be
2,9-dimethyl-4,7-biphenyl-1,10-phenanthroline (BCP), and
the guest material may be biphenyl-5-(4-tert-butylphenyl)-
1,3,4-oxdiazole (PBD). The PBD material may have a
doping ratio of about 10% by weight. The ratio of the
electron mobility of the BCP material over the electron
mobility of the PBD material may be equal to about 10. The
hole blocking layer may have a thickness of about 5 nm. The
electron transport layer may be made of 8-hydroxyquinoline
aluminum (Alq3), and may have a thickness of about 40 nm.
The electron injection layer may be made of LiF, and may
have a thickness of about 1 nm. The second electrode may
be made of Al, and may have a thickness of about 200 nm.

[0065] The skeletal structural formula of N,N-diphenyl-
N,N-bis(l-naphthyl)-1,1-diphenyl-4,4-diamine (NPB) form-
ing the hole injection layer is

[0066]
fluoro-7,7',8,8'-tetracyanoquinodimethane
forming the hole injection layer is

The skeletal structural formula of 2,3,5,6-tetra-
(F4-TCNQ)
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[0067] The skeletal structural formula of 1,4-bis(5-p-tert-
butylphenyl-1,3,4-oxadiazolyl-2)benzene (OXD-7) forming
the light-emitting layer is

Alg3

[0070] The skeletal structural formula of 4,4'-cyclohexyl-
bis[N,N-bis(4-methylphenyl)aniline] (TAPC) forming the
electron blocking layer is

N—N 0] \ .
aPs
| SRS
OXD-7 | ‘

TAPC
[0068] The skeletal structural formula of tris(2-phe-
nylpyridine)iridium (Ir(PPY),) forming the light-emitting

fayer is [0071] The skeletal structural formula of 2,9-dimethyl-4,

7-biphenyl-1,10-phenanthroline (BCP) forming the hole
blocking layer is

==N

N=

\\ / . BCP

[0069] The skeletal structural formula of 8-hydroxyqui-  [0072] The skeletal structural formula of biphenyl-5-(4-
noline aluminum (Alg3) forming the electron transport layer ~ tert-butylphenyl)-1,3,4-oxdiazole (PBD) forming the hole
is blocking layer is
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[0073] Referring to FIG. 2, the OLED display panel
disclosed by the present disclosure and the existing tech-
nology references 1 and 2 may be tested under the current
density of about 50 mA/cm?. In FIG. 2, the abscissa denotes
time (unit: hour), and the ordinate denotes the relative
luminance. As shown in FIG. 2, the relative luminance of the
OLED display panel disclosed by the present disclosure may
be attenuated slower than the relative luminance of the
existing technology references 1 and 2. After about 15 hours,
the relative luminance of the existing technology reference
1 may be attenuated to about 96.1%, and the relative
luminance of the existing technology reference 2 may be
attenuated to about 96.5%, while the relative luminance of
the OLED display panel disclosed by the present disclosure
may be attenuated to about 97.2%.

[0074] In the existing technology reference 2, because the
electron blocking layer and the hole blocking layer are
configured on both sides of the light-emitting layer, respec-
tively, the balance of the electrons and holes in the device
may be adjusted to certain degree, and an excessive number
of electrons and holes passing through the limiting layer
may be avoided. Thus, the relative luminance of the existing
technology reference 2 may be attenuated slower than the
relative luminance of the existing technology reference 1.
[0075] Further, the OLED display panel disclosed by the
present disclosure may also be applicable to the electron-
rich OLED display panel. Because the electron-rich OLED
device is electron-rich, the excitons in the light-emitting
layer may be located at the interface between the hole
transport layer and the light-emitting layer. Thus, in the
disclosed embodiments, through introducing an electron
blocking layer and a hole blocking layer to the OLED
display panel, and doping a guest material having a smaller
electron mobility than the host material into the hole block-
ing layer, the electron movement may be reduced, the
balance of the electrons and holes in the light-emitting layer
may be adjusted, and the electron and hole recombination
may be confined in the light-emitting layer. Accordingly, the
efficiency of the organic electroluminescent device may be
further improved.

[0076] Thus, the disclosed OLED display panel may be
able to be operated at a relatively low operating voltage,
leading to a slower attenuation of the relative luminance and
a longer device life span. In addition, in the disclosed OLED
display panel, the electron movement and the hole move-
ment may be further balanced, the material deterioration
may be suppressed, and the life span may be extended.
[0077] FIG. 3 illustrates a current density vs external
quantum efliciency measurement result chart comparing two
existing OLED display panels and an exemplary display
panel shown in FIG. 2. As shown in FIG. 3, with a same
current density, the OLED display panel according to the
present disclosure may have a substantially higher external
quantum efficiency than the existing technology references
1 and 2. Because the OLED display panel according to the
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present disclosure has the added electron blocking layer and
hole blocking layer, and the hole blocking layer may be
doped with a guest material having a relatively small elec-
tron mobility, the electrons and holes may be effectively
confined inside the light-emitting layer.

[0078] That is, the excitons may be prevented from being
diffused to other regions outside the light-emitting layer.
Thus, the exciton yield may be increased, the balance of the
electrons and holes in the device may be adjusted, the
electron and hole recombination may be confined in the
light-emitting layer, a portion of the excitons formed by the
electron and hole recombination may be prevented from
being diffused to organic layers on both sides of the light-
emitting layer and, accordingly, a higher external quantum
efficiency may be achieved.

[0079] FIG. 4 illustrates a cross-sectional view of another
exemplary OLED display panel according to the present
disclosure. The similarities between FIG. 1 and FIG. 4 are
not repeated here, while certain difference may be explained.

[0080] As shown in FIG. 4, the OLED display panel may
include at least a first electrode 10, a light-emitting layer 20,
a first function layer 50, and a second electrode 40, which
are disposed in layers or a stacked configuration. The first
fanction layer 50 may include at least an electron blocking
layer 51. The electron blocking layer 51 may be disposed
adjacent to the light-emitting layer 20.

[0081] In one embodiment, as shown in FIG. 4, the
electron blocking layer 51 may be disposed between the
light-emitting layer 20 and the second electrode 40. Thus,
the excessive electrons may be prevented from passing
through the light-emitting layer 20 to reach the second
electrode 40. The electrons may be effectively confined
inside the light-emitting layer 20. The excitons may be
prevented from being diffused to other regions outside of the
light-emitting layer 20. The exciton yield may be increased.
The light-emitting efficiency of the device may be increased,
accordingly.

[0082] Because the electrons and holes in the OLED
device are often not balanced, for the electron-rich device,
the electron and hole recombination may occur on the side
of the light-emitting layer 20 close to the second electrode
40. As a result, the electrons and holes may be recombined
in a narrow region. Under a high current density, the narrow
region may have a substantially high exciton density. The
excitons may interact with each other, causing triplet-triplet
annihilation, and triplet-singlet annihilation, which, in turn,
may reduce the exciton utilization rate. Thus, the efliciency
of the OLED display panel may be decreased. At the same
time, a large number of excitons accumulated in the narrow
region may cause the material of the light-emitting layer to
deteriorate, reducing the life span of the organic light-
emitting display device.

[0083] Inaddition, in one embodiment, the electron block-
ing layer 51 may be doped with a first guest material D. In
the electron blocking layer 51, the ratio of the hole mobility
(1, E) corresponding to the host material E over the hole
mobility (u, D) corresponding to the first guest material D
may be configured to be greater than or equal to about 10.
That is, the electron blocking layer 51 may be doped with the
first guest material D having a smaller hole mobility (u, D)
than the host material E. Thus, the hole movement may be
reduced, the balance of the electrons and holes in the device
may be adjusted, the electron and hole recombination may
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be confined in the light-emitting layer 20, and the light-
emitting efficiency and the life span of the OLED display
panel may be increased.

[0084] In one embodiment, as shown in FIG. 4, the first
electrode 10 may be a cathode, and the second electrode 40
may be an anode. Optionally, the first function layer 50 may
also include at least one of a hole injection layer 53, and a
hole transport layer 52. The hole transport layer 52 may be
disposed between the electron blocking layer 51 and the hole
injection layer 53, and the hole injection layer 53 may be
disposed between the hole transport layer 52 and the second
electrode 40.

[0085] The electron blocking layer 51 may include a hole
transport type material. For example, the electron blocking
layer 51 may include at least one of a carbazole type electron
blocking material, and a triphenylamine type electron block-
ing material.

[0086] The host material E of the electron blocking layer
51 may include, for example, at least one of 4,4'-cyclohex-
ylbis[N,N-bis(4-methylphenyl)aniline] (TAPC), and N,N'-
bis-(3-methylphenyl)-N,N'-diphenyl-[1,1'-biphenyl]-4,4'-
diamine (TPD). The first guest material D of the electron
blocking layer 51 may include, for example, at least one of
N,N'-dicarbazolyl-3,5-benzene (mCP), 4,4'4"-triscarba-
zolyl-triphenylamine (TCTA), and N,N'-bis(4-fluorophe-
nyl)-N,N'-bis(3-methylphenyl)-9,9'-dimethylfluorence-2,7-
diamine (X).

[0087] In one embodiment, the lowest unoccupied orbital
level LUMO)j, of the host material E of the electron blocking
layer 51 may be at least approximately 0.3 eV higher than
the lowest unoccupied orbital level LUMO,. of the host
material C of the light-emitting layer 20, and the lowest
unoccupied orbital level LUMO,, of the first guest material
D of the electron blocking layer 51 may be at least approxi-
mately 0.3 eV higher than the lowest unoccupied orhital
level LUMO,. of the host material C of the light-emitting
layer 20, such that the electron blocking layer 51 may be
effective in blocking the electron movement.

[0088] Similarly, the utilization rate of the triplet state
excitons may be increased from the device structure per-
spective. After the triplet state excitons are generated in the
light-emitting layer 20, through utilizing the higher triplet
state energy level property of the hole blocking layer 31, the
triplet state excitons in the light-emitting layer 20 may be
prevented from being transported to other layers (e.g., the
hole transport layer 52) outside the light-emitting layer 20.
Thus, the exciton utilization rate of the device may be
improved, and the light-emitting efficiency of the device
may be increased.

[0089] The content of the host material E in the electron
blocking layer 51 may be determined according to various
application scenarios. In one embodiment, the content (i.e.,
weight percentage) of the host material E in the electron
blocking layer 51 may be configured to be greater than or
equal to about 90%. Provided that the content of the host
material E effectively confine the electrons in the light-
emitting layer 20, through doping the first guest material D
into the host material E of the electron blocking layer 51, the
hole injection rate into the light-emitting layer 20 may be
reduced, and the electrons and holes in the light-emitting
layer 20 may be balanced, such that the electrons and holes
may be recombined in the center of the light-emitting layer
20. The exciton binding region may be widened, and the
efficiency and life span of the device may be increased.
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[0090] In one embodiment, the hole mobility of the host
material E and the first guest material D in the electron
blocking layer 51 may be configured to be 107™* cm™%/
V-S=y, B<107? cm™/V-S, and

107*em™
i D= -5,
- v

respectively. The host material E and the first guest material
D may be selected to satisfy the above relationship such that
the efficiency and life span of the device may be increased.
[0091] For example, y, E may be approximately 10~
em™ V-8, and i, D may be approximately 107* cm™%/V-S.
The electron blocking layer 51 may have a thickness ranging
approximately between the 1 nm and 20 nm. For example,
the hole blocking layer 51 may have a thickness of about 5
nm. The thickness of the electron blocking layer 51 may be
selected according to various application scenarios. The
electron blocking layer 51 having a substantially thin thick-
ness may be ineffective to block the electron movement, and
the electron blocking layer 51 having a substantially thick
thickness may not only block the electron movement, but
also increase the operating voltage of the device.

[0092] FIG. 5 illustrates a life span measurement result
chart comparing an existing OLED display panel and an
exemplary hole-rich OLED display panel according to the
present disclosure. The device of the existing technology
reference 1 in FIG. 5 may include a first electrode, a hole
injection layer, a hole transport layer, a light-emitting layer,
an electron transport layer, an electron injection layer, and a
second electrode.

[0093] The first electrode of the existing technology ref-
erence 1 may be made of indium tin oxide (ITO), and may
have a thickness of about 150 nm. The hole injection layer
may be made of N,N-diphenyl-N,N-bis(1-naphthyl)-1,1-
diphenyl-4,4-diamine (NPB) doped with 2,3,5,6-tetrafluoro-
7,78 8- tetracyanoquinodimethane ~ (F4-TCNQ).  The
F4-TCNQ material may have a doping ratio of about 3% by
weight. The hole injection layer may have a thickness of
about 10 nm. The hole transport layer may be made of NPB,
and may have a thickness of about 50 nm.

[0094] The host material of the light-emitting layer may be
4,4"bis(9-carbazole)biphenyl (CBP). The guest material
may be tris(2-phenylpyridine) iridium (Ir(PPY),). Ir(PPY),
may have a doping ratio of about 6% by weight. The
light-emitting layer may have a thickness of about 25 nm.
The electron transport layer may be made of 8-hydroxyqui-
noline aluminum (Alg3), and may have a thickness of about
40 nm. The electron injection layer may be made of LiF, and
may have a thickness of about 1 nm. The second electrode
may be made of Al, and may have a thickness of about 200
nm.

[0095] Further, in FIG. 5, the OLED display panel accord-
ing to the present disclosure may include a first electrode, a
hole injection layer, a hole transport layer, an electron
blocking layer, a light-emitting layer. a hole blocking layer,
an electron transport layer, an electron injection layer, and a
second electrode, which are disposed in layers.

[0096] In one embodiment, the first electrode may be
made of indium tin oxide (ITO), and may have a thickness
of about 150 nm. The hole injection layer may be made of
N,N-diphenyl-N,N-bis(1-naphthyl)-1,1-diphenyl-4,4-di-
amine (NPB) doped with 2,3,5,6-tetrafluoro-7,7',8,8'-tetra-
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cyanoquinodimethane (F4-TCNQ). The F4-TCNQ material
may have a doping ratio of about 3% by weight. The hole
injection layer may have a thickness of about 10 nm. The
hole transport layer may be made of NPB, and may have a
thickness of about 50 nm.

[0097] The host material of the electron blocking layer
may be 4,4'-cyclohexylbis|N,N-bis(4-methylphenyl)aniline]
(TAPC), and the guest material may be N,N'-bis(4-fluoro-
phenyl)-N,N'-bis(3-methylphenyl)-9,9'-dimethylfluorence-
2,7-diamine (X). The X material may have a doping ratio of
about 10% by weight. The ratio of the hole mobility of
TAPC over the hole mobility of X may be equal to about 27.
The electron blocking layer may have a thickness of about
5 nm.

[0098] Thehost material of the light-emitting layer may be
4,4'-bis(9-carbazole)biphenyl (CBP), and the guest material
may be tris(2-phenylpyridine) iridium (Ir(PPY);). I(PPY),
may have a doping ratio of about 6% by weight. The
light-emitting layer may have a thickness of about 25 nm.
The hole blocking layer may be made of 3,3-[5'-[3-(3-
pyridinyl)phenyl][1,1':3',1"-terphenyl]-3,3'-diyl ]| bispyridine
(TmPyPB), and may have a thickness of about 5 nm. The
electron transport layer may be made of 8-hydroxyquinoline
aluminum (Alg3), and may have a thickness of about 40 nm.
The electron injection layer may be made of LiF, and may
have a thickness of about 1 nm. The second electrode may
be made of Al, and may have a thickness of about 200 nm.
[0099] The skeletal structural formula of 4,4'-bis(9-carba-
zole)biphenyl (CBP) forming the light-emitting layer is

HY

[0100] The skeletal structural formula of 3,3'-[5'-[3-(3-
pyridinyl)phenyl][1,1':3',1"-terphenyl]-3,3"-diyl|bispyri-
dine (TmPyPB) forming the hole blocking layer is

CBP

Jul. 6, 2017

[0101] The skeletal structural formula of N,N'-bis(4-fluo-
rophenyl)-N,N'-bis(3-methylphenyl)-9,9'-dimethylfluor-
ence-2,7-diamine (X) forming the electron blocking layer is

E

[0102] The skeletal structural formula of N,N'-bis-(3-
methylphenyl)-N,N'-diphenyl-[1,1"-biphenyl]-4,4'-diamine
(TPD) forming the electron blocking layer is

= =4

/
Z
\

)

)~

~

[0103] The skeletal structural formula of N,N'-dicarba-
zolyl-3,5-benzene (mCP) forming the electron blocking

4’8

[0104] The skeletal structural formula of 4,4',4"-triscarba-
zolyl-triphenylamine (TCTA) forming the electron blocking
layer is
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Other organic function materials may have the skeletal
structural formula as previously described.

[0105] Referring to FIG. 5, the OLED display panel
disclosed by the present disclosure and the existing tech-
nology reference 1 may be tested under the current density
of about 50 mA/cm?. In FIG. 5, the abscissa denotes may be
time (unit:hour), and the ordinate denotes the relative lumi-
nance. As shown in FIG. 5, the relative luminance of the
OLED display panel disclosed by the present disclosure may
be attenuated slower than the relative luminance of the
existing technology reference 1. After about 15 hours, the
relative luminance of the existing technology reference 1
may be attenuated to about 95.9% while the relative lumi-
nance of the OLED display panel disclosed by the present
disclosure may be attenvated to about 96.8%.

[0106] As shown in FIG. 5, the curve corresponding to the
OLED display panel disclosed by the present disclosure may
have a flatter slope. That is, the relative luminance of the
OLED display panel disclosed by the present disclosure may
be attenuated in a slower pace. Thus, the disclosed OLED
display panel may have a longer life span than the existing
technology reference 1.

[0107] In one embodiment, an electron blocking layer and
a hole blocking layer may be configured on both sides of the
light-emitting layer, respectively, to avoid excessive number
of electrons and holes passing through the light-emitting
layer. In addition, a guest material having a smaller hole
mobility than the host material may be doped into the
electron blocking layer. For the hole-rich OLED device, the
electron movement may be reduced, the balance of the
electrons and holes in the light-emitting layer may be
adjusted, and the electron and hole recombination may be
confined inside the light-emitting layer. Accordingly, the
efficiency of the organic electroluminescent device may be
further improved.

[0108] Thus, the disclosed OLED display panel may be
operated at a relatively low operating voltage, leading to a
slower attenuation of the relative luminance, and a longer
device life span. In addition, in the disclosed OLED display
panel, the electron movement and the hole movement may
be further balanced, the material deterioration may be sup-
pressed, and the life span may be extended.
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[0109] FIG. 6 illustrates a current density vs external
quantum efficiency measurement result chart comparing an
existing OLED display panel and an exemplary display
panel shown in FIG. 5. As shown in FIG. 6, given a same
current density, the OLED display panel according to the
present disclosure may have a substantially higher external
quantum efficiency than the existing technology reference 1.
[0110] Because the OLED display panel according to the
present disclosure may have the electron blocking layer and
the hole blocking layer disposed on both sides of the
light-emitting layer, respectively, excessive electrons and
holes may be prevented from passing through the light-
emitting layer. Thus, the energy of the electrons and holes
may be fully unitized to stimulate the light emitting in the
light-emitting material. Accordingly, the reduction of the
efficiency and life span of the OLED display panel, which is
caused by the insufficient usage of the energy of the elec-
trons and holes, may be prevented.

[0111] In addition, in one embodiment, for the hole-rich
device, because the electron blocking layer is doped with a
guest material having a smaller hole mobility than the host
material, the hole movement may be reduced, and the
balance of the electrons and holes in the OLED display panel
may be adjusted. Thus, the external quantum efficiency of
the disclosed OLED display panel may be greater than the
external quantum efliciency of the existing technology ref-
erence 1.

[0112] Inthe disclosed embodiments, an electron blocking
layer and a hole blocking layer may be disposed on both
sides of the light-emitting layer, respectively. The electron
blocking layer may be configured to block an excessive
number of the electrons from transporting to the hole
transport layer. The hole blocking layer may be configured
to block an excessive number of the holes from transporting
to the electron transport layer. Certain examples are shown
in FIG. 2, FIG. 3, FIG. 5, and FIG. 6.

[0113] The OLED display panels shown in FIG. 2 and
FIG. 3 may be applicable to the electron-rich devices, in
which a guest material having a smaller electron mobility
than the host material may be doped into the hole blocking
layer to reduce the electron movement. The OLED display
panels shown in FIG. 5 and FIG. 6 may be applicable to the
hole-rich devices, in which a guest material having a smaller
hole mobility than the host material may be doped into the
electron blocking layer to reduce the hole movement.
[0114] In certain embodiments, either an electron blocking
layer or a hole blocking layer may be configured on only one
side of the light-emitting layer, and the electron blocking
layer or the hole blocking layer may be doped with a guest
material having a desired carrier mobility. Certain examples
are shown in FIG. 1 and FIG. 4. In practical applications, the
OLED display panel may be specifically designed according
to various application scenarios, and is not limited by the
present disclosure.

[0115] FIG. 7 illustrates a cross-sectional view of another
exemplary OLED display panel according to the present
disclosure. As shown in FIG. 7, the OLED display panel
may include at least a first electrode 10, a second function
layer 70, a light-emitting layer 20, a first function layer 60,
and a second electrode 40, which are disposed in layers or
a stacked configuration. The first function layer 60 may
include at least a hole blocking layer 61. The hole blocking
layer 61 may be disposed adjacent to the light-emitting layer
20. The second function layer 70 may include at least an
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electron blocking layer 71. The electrode blocking layer 71
may be disposed adjacent to the light-emitting layer 20.
[0116] In particular, the hole blocking later 61 may be
disposed between the light-emitting layer 20 and the second
electrode 40, such that an excessive number of holes may be
prevented from passing through the light-emitting layer 20
to reach the second electrode 40, and the holes may be
effectively confined in the light-emitting layer 20. The
electron blocking layer 71 may be disposed between the
light-emitting layer 20 and the first electrode 10, such that
excessive electrodes may be prevented from passing through
the light-emitting layer 20 to reach the first electrode 10, and
the electrons may be effectively confined in the light-
emitting layer 20. Thus, the exciton yield may be increased,
and the light-emitting efficiency of the OLED display panel
may be increased.

[0117] Inoneembodiment, the hole blocking layer 61 may
be doped with a first guest material A. In the hole blocking
layer 61, the ratio of the electron mobility 11, B correspond-
ing to the host material B over the electron mobility p, A
corresponding to the first guest material A may be config-
ured to be greater than or equal to about 10. That is, the hole
blocking layer 61 may be doped with the first guest material
A having a smaller electron mobility p, A than the host
material B. Thus, the electron movement may be reduced,
the rate of the electron injection into the light-emitting layer
20 may be reduced, and the exciton binding region may be
moved away from the interface of the light-emitting layer 20
adjacent to the first electrode 10.

[0118] In one embodiment, the electron blocking layer 71
may be doped with a second guest material D. In the electron
blocking layer 71, the ratio of the hole mobility y, E
corresponding to the host material E over the hole mobility
1, D corresponding to the second guest material D may be
configured to be greater than or equal to about 10. That s,
the electron blocking layer 71 may be doped with the second
guest material D having a smaller hole mobility w, D than
the host material B. Thus, the hole movement may be reduce,
the rate of the hole injection into the light-emitting layer 20
may be reduced, and the exciton binding region may be
moved away from the interface of the light-emitting layer 20
adjacent to the second electrode 40.

[0119] Thus, in the disclosed OLED display panel, a
portion of the excitons formed by the electron and hole
recombination may be prevented from diffusing toward both
sides of the light-emitting layer 20, the balance of the
electrons and holes in the light-emitting layer 20 may be
adjusted, the electron and hole recombination may occur in
the center of the light-emitting layer 20, the exciton binding
region may be widened, and the efficiency and the life span
of the OLED display panel may be improved.

[0120] In addition, in one embodiment, the highest occu-
pied orbital level HOMO,, of the host material B of the hole
blocking layer 61 may be at least approximately 0.3 eV
higher than the highest occupied orbital level HOMO .. of the
host material C of the light-emitting layer 20, and the highest
occupied orbital level HOMO,, of the first guest material A
of the hole blocking layer 61 may be at least approximately
0.3 eV higher than the highest occupied orbital level
HOMO,. of the host material C of the light-emitting layer 20,
such that the hole blocking layer 61 may be effective in
blocking hole movement.

[0121] The triplet state energy level T of the host material
B of the hole blocking layer 61 may be configured to be
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greater than the triplet state energy level T, of the host
material C of the light-emitting layer 20, and the triplet state
energy level T, of the first guest material A of the hole
blocking layer 61 may be configured to be greater than the
triplet state energy level T, of the host material C of the
light-emitting layer 20, which may improve the utilization
rate of the triplet state excitons from the device structure
perspective.

[0122] At the same time, the highest occupied orbital level
HOMO,, of the host material E of the electron blocking layer
71 may be at least approximately 0.3 eV higher than the
highest occupied orbital level HOMO. of the host material
C of the light-emitting layer 20, and the highest occupied
orbital level HOMO,, of the second guest material D of the
electron blocking layer 71 may be at least approximately 0.3
eV higher than the highest occupied orbital level HOMO,. of
the host material C of the light-emitting layer 20, such that
the electron blocking layer 71 may be effective in blocking
electron movement.

[0123] Similarly, the utilization rate of the triplet state
excitons may be improved from the device structure per-
spective. After the triplet state excitons are generated in the
light-emitting layer 20, through utilizing the higher triplet
state energy level property of the electron blocking layer 71,
the triplet state excitons in the light-emitting layer 20 may be
prevented from being transported to other layers (e.g., the
hole transport layer 52) outside the light-emitting layer 20.
Thus, the exciton utilization rate of the device may be
improved, and the light-emitting efficiency of the device
may be increased.

[0124] The content of the host material B in the hole
blocking layer 61 may be configured to be greater than or
equal to about 90%. The content of the host material E in the
electron blocking layer 71 may be configured to be greater
than or equal to about 90%.

[0125] In one embodiment, the electron mobility u, B of
the host material B in the hole blocking layer 61 may be
configured to be greater than or equal to about 10~* cm™2/
V'S, and less than or equal to 107> cm™/V"S. The electron
mobility p, A of the first guest material A in the hole
blocking layer 61 may be configured to be less than or equal
to about 107* cm™2/VS. The hole mobility i, E of the host
material E in the electron blocking layer 71 may be config-
ured to be greater than or equal to about 10™* ecm™%/V-S, and
less than or equal to 107 cm=*/V-S. The hole mobility , D
of the second guest material D in the electron blocking layer
71 may be configured to be less than or equal to about 10~
em™%/V-S. The hole blocking layer 61 may have a thickness
ranging approximately between 1 nm and 20 nm. The
electron blocking layer 71 may have a thickness ranging
approximately between 1 nm and 20 nm.

[0126] Optionally, the first function layer 60 may also
include at least one of an electron injection layer 63, and an
electron transport layer 62. Referring to FIG. 7, the electron
transport layer 62 may be disposed between the hole block-
ing layer 61 and the electron injection layer 63, and the
electron injection layer 63 may be disposed between the
electron transport layer 62 and the second electrode 40.
Optionally, the second function layer 70 may also include at
least one of a hole injection layer 73 and a hole transport
layer 72. Referring to FIG. 7, the hole transport layer 72 may
be disposed between the electron blocking layer 71 and the
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hole injection layer 73, and the hole injection layer 73 may
be disposed between the hole transport layer 72 and the first
electrode 10.

[0127] In one embodiment, the OLED display panel dis-
closed by the present disclosure may include a plurality of
pixel regions emitting light of different colors. For example,
in FIG. 1, FIG. 4, and FIG. 7, a red light-emitting pixel
region R, a green light-emitting pixel region G, and a blue
light-emitting pixel region B are illustrated. The number and
the colors of the light-emitting pixel regions are for illus-
trative purposes and are not intended to limit the scope of the
present disclosure.

[0128] In one embodiment, the light-emitting layer 20
may include a host material and a guest material. At least one
of the light-emitting layer 20 corresponding to the red
light-emitting pixel region R and the light-emitting layer 20
corresponding to the blue light-emitting pixel region B may
be made of one or two host materials. The light-emitting
layer 20 corresponding to the green light-emitting pixel
region G may be made of at least two host materials.
[0129] In the light-emitting layer 20, the host material
content may be more than the guest material content. Gen-
erally, the absolute value of a HOMO energy level 1T,
(HOMO)! of the host material may be greater than the
absolute value of a HOMO energy level IT ..., {AHOMO)I of
the guest material, the absolute value of a LUMO energy
level IT,, (LUMO)I of the host material may be smaller
than the absolute value of a LUMO energy level 1T,
(LUMO)I of the guest material, and a triplet state energy
level T,,.(S) of the host material may be greater than a
triplet state energy level T, (S) of the guest material. The
triplet state energy of the host material may be effectively
transferred to the guest material, and the light emission
spectrum of the host material may match the light absorption
spectrum of the guest material.

[0130] In addition, the guest material of the light-emitting
layer 20 may include a phosphorescent or fluorescent mate-
rial. For example, the guest material of the light-emitting
layer 20 corresponding to the red light-emitting pixel region
R and the green light-emitting pixel region G may be a
phosphorescent material, and the guest material of the
light-emitting layer 20 corresponding to the blue light-
emitting pixel region B may be a fluorescent material. The
material of the light-emitting layer 20 is not limited by the
present disclosure. For example, the light-emitting layer 20
may be made of a material other than the host-guest dopant
structure or made of a thermally activated delayed fluores-
cent (TADF) material.

[0131] In certain embodiments, a micro-cavity structure
may be formed between a first electrode and a second
electrode of a pixel region in the OLED display panel. The
cavity length of the micro-cavity structure corresponding to
the pixel region may be positively correlated with the
wavelength of the emission color corresponding to the pixel
region. The cavity length of the micro-cavity structure may
be a distance between the first electrode and the second
electrode of the pixel region. The micro-cavity structure may
confine the light in a substantially small wavelength band by
effects of reflection, total reflection, interference, diffraction,
and scattering on the discontinuous interfaces of refractive
index.

[0132] By designing the cavity length and the thickness of
each layer in the micro-cavity structure, the wavelength
center of the emission light may be located near an enhance-
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ment peak of the standing wave field, which may increase a
coupling efficiency between a radiation dipole and an elec-
tric field in the cavity, thereby improving the light-emitting
efficiency and brightness of the OLED display panel. The
cavity length of the micro-cavity structure may be adjusted
by adjusting the thicknesses of individual layers of the first
function layer, the thickness of the light-emitting layer, and
the thicknesses of individual layers of the second function
layer.

[0133] The present disclosure also provides an electronic
device. FIG. 8 illustrates a schematic view of an exemplary
electronic device according to the present disclosure. As
shown in FIG. 8, the electronic device may include any one
of the disclosed OLED display panels 100. The electronic
device may be a smart phone as shown in FIG. 8, a
computer, a television set, or a smart wearable device, etc.,
which is not limited by the present disclosure.

[0134] The present disclosure also provides a manufactur-
ing method for the OLED display panel. FIG. 9 illustrates a
flow chart of an exemplary manufacturing method for an
exemplary OLED display panel according to the present
disclosure. As shown in FIG. 9, at the beginning, a first
electrode is formed on a substrate (S110). The corresponding
structure is shown in FIG. 1 and FIG. 4.

[0135] For example, the first electrode 10 may be a
reflective electrode made of a metal alloy containing Ag or
Mg, or a transparent electrode made of indium tin oxide or
indium zinc oxide.

[0136] In certain embodiments, after the first electrode 10
is formed, a pixel defining layer (not shown in FIGS. 1 and
4) may also be formed. The pixel defining layer may include
a plurality of opening structures. Each opening structure
may correspond to a pixel region.

[0137] In certain other embodiments, before the first elec-
trode 10 is formed, a pixel defining layer may be formed.
The pixel defining layer may include a plurality of opening
structures. Then, the first electrode 10 may be formed in
each opening structure. The pixel defining layer may prevent
undesired color mixing in the subsequently formed light-
emitting layer 20.

[0138] Returning to FIG. 9, after the first electrode is
formed, a light-emitting layer is formed on the first electrode
(5120). The corresponding structure is shown in FIG. 1 and
FIG. 4.

[0139] For the light-emitting regions of different emission
colors, the light-emitting layer 20 may be sequentially
deposited by using masks. In certain embodiments, the
thicknesses of the light-emitting layers corresponding to the
light-emitting regions of different emission colors may be
the same. In certain other embodiments, the thicknesses of
the light-emitting layers 20 corresponding to the light-
emitting regions of different emission colors may be differ-
ent.

[0140] The thicknesses of the light-emitting layers 20
corresponding to the light-emitting regions of different emis-
sion colors may be determined according to various factors,
such as the actual manufacturing requirements, the micro-
cavity structures corresponding to the light-emitting regions
of different emission colors, light-emitting layer character-
istics, and the transport balances between holes and elec-
trons in different light-emitting regions, etc., as long as
through adjusting the cavity lengths of the corresponding
micro-cavity structures, the light emitted from the light-
emitting layers 20 corresponding to the light-emitting
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regions of different emission colors may be enhanced by the
constructive interference, i.c. the brightness may be
increased.

[0141] Returning to FIG. 9, after the light-emitting layer is
formed on the first electrode, a first function layer is formed
on the light-emitting layer (S130). The corresponding struc-
ture is shown in FIG. 1 and FIG. 4.

[0142] As shown in FIG. 1 and FIG. 4, the first function
layer 30 and 50 may include at least a first-type blocking
layer. The first-type blocking layer may be disposed adjacent
to the light-emitting layer 20. A first guest material may be
doped in the first-type blocking layer. The ratio of the
second-type carrier mobility of the host material of the
first-type blocking layer over the second-type carrier mobil-
ity of the first guest material may be configured to be greater
than or equal to about 10. In one embodiment, the first-type
may be a hole-type, and the second-type may be an electron-
type. In another embodiment, the first-type may be an
electron-type, and the second-type may be a hole-type.
[0143] Returning to FIG. 9, after the first function layer is
formed on the light-emitting layer, a second electrode is
formed on the first function layer (S140). The corresponding
structure is shown in FIG. 1 and FIG. 4.

[0144] For example, the second electrode 40 may be made
of a metal, such as Ag, or made of a transparent metal oxide,
such as indium tin oxide.

[0145] In certain embodiments, a first-type blocking layer
may be formed between the light-emitting layer 20 and the
second electrode 40, such that an excessive number of
first-type carriers may be prevented from passing through
the light-emitting layer 20 to reach the side of the light-
emitting layer 20 facing away from the first electrode 10.
The first-type blocking layer may prevent the excitons from
diffusing into layers other than the light-emitting layer 20,
thereby increasing the exciton yield and the light-emitting
efficiency of the OLED display panel.

[0146] In addition, a guest material may be doped in the
first-type blocking layer, in which the ratio of the second-
type carrier mobility of the host material over the second-
type carrier mobility of the first guest material may be
configured to be greater than or equal to about 10. That s,
a guest material having a smaller second-type carrier mobil-
ity than the host material may be doped in the first-type
blocking layer. For second-type-carrier-rich devices, the
guest material may reduce the movement of the second-type
carriers, and may move the exciton recombination region
away from the interface of the light-emitting layer 20
adjacent to the first electrode 10. Thus, the excitons formed
by the electron and hole recombination may be prevented
from diffusing to both sides of the light-emitting layer, and
the efficiency of the OLED display panel may be improved.
[0147] In certain other embodiments, the OLED display
panel may be formed by sequentially forming a second
electrode 40, a first function layer 30 and 50, a light-emitting
layer 20, and a first electrode 10.

[0148] In the disclosed embodiments, when the first elec-
trode 10 in the OLED display panel is an anode, the second
electrode 40 is a cathode, the first-type is a hole-type, and the
second-type is an electron-type, the following conditions
may be satisfied: T,>T,, T >T,. HOMO,-HOMO 0.3
eV, and HOMO ,-HOMO_=0.3 eV, where T is the triplet
state energy level of the host material B of the first-type
blocking layer, T is the triplet state energy level of the host
material C of the light-emitting layer 20, T, is the triplet

Jul. 6, 2017

state energy level of the first guest material A of the first-type
blocking layer, HOMOy, is the highest occupied molecular
orbital energy level of the host material B of the first-type
blocking layer, HOMO,. is the highest occupied molecular
orbital energy level of the host material C of the light-
emitting layer 20, and HOMO, is the highest occupied
molecular orbital energy level of the first guest material A of
the first-type blocking layer.

[0149] Both the host material B and the first guest material
A in the hole blocking layer have a higher triplet state energy
level than the host material C in the light-emitting layer 20,
such that the excitons formed by the electron and hole
recombination may be prevented from diffusing to organic
layers other than the light-emitting layer 20 and, accord-
ingly, the efficiency of the OLED device may be improved.
[0150] In certain embodiments, when the first-type is a
hole-type, and the second-type is an electron-type, the host
material B of the first-type blocking layer may include at
least one of 3,3'-[5'-[3-(3-pyridinyl)phenyl][1,1"3",1"-ter-
phenyl]-3,3"-diyl]bispyridine (TmPyPB), 4,4-bis(9-carba-
zoly)-1,1"-biphenyl (BCP), 4,6-bis(3,5-di(pyridine-4-yl)
phenyl)-2-MethylpyriMidine (B4PyMPM), star oxadiazole,
and 1,3,5-tris(N-phenyl-2-benzimidazole) benzene (TPBi).
The first guest material A of the first-type blocking layer may
include at least one of 8-hydroxyquinoline aluminum
(Alg3), 8-hydroxyquinoline lithium (Liq), 2-(4-biphenyl)-5-
phenyl oxadiazole (PBD), 2,5-bis-(4-naphthyl)-1,3,4-oxadi-
azole (BND), tris-(2,3,5,6-trimethyl)phenylboron, and 2,5-
diary] silicon.

[0151] In the disclosed embodiments, when the first elec-
trode 10 is a cathode, the second electrode 40 is an anode,
the first-type is an electron-type, and the second-type is a
hole-type, the following conditions may be configured:
T>Te, T>T e, LUMOZ-LUMO,=20.3 eV, and LUMO,-
LUMO20.3 eV. T is the triplet state energy level of the
host material E of the first-type blocking layer, T is the
triplet state energy level of the host material C of the
light-emitting layer 20, T, is the triplet state energy level of
the first guest material D of the first-type blocking layer,
HOMOy, is the highest occupied molecular orbital energy
level of the host material E of the first-type blocking layer,
HOMOy,. is the highest occupied molecular orbital energy
level of the host material C of the light-emitting layer 20,
and HOMO,, is the highest occupied molecular orbital
energy level of the first guest material D of the first-type
blocking layer.

[0152] Both the host material E and the first guest material
D in the hole blocking layer have a higher triplet state energy
level than the material C in the light-emitting layer 20, such
that a portion of the excitons formed by the electron and hole
recombination may be prevented from diffusing to organic
layers other than the light-emitting layer 20, which is desired
for improving the efficiency of the OLED device.

[0153] Incertain other embodiments, when the first-type is
an electron-type, and the second-type is a hole-type, the host
material E of the first-type blocking layer may include at
least one of 4,4'-cyclohexylbis|N,N-bis(4-methylphenyl)
aniline] (TAPC), and N,N'-bis-(3-methylphenyl)-N.N'-di-
phenyl-[1,1"-biphenyl]-4,4'-diamine (TPD). The first guest
material D of the first-type blocking layer may include at
least one of N,N'-dicarbazolyl-3,5-benzene (mCP), 4,4'4"-
triscarbazolyl-triphenylamine (TCTA), and N,N'-bis(4-fluo-
rophenyl)-N,N'-bis(3-methylphenyl)-9,9'-dimethylfluor-
ence-2,7-diamine (X).
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[0154] In certain embodiments, as shown in FIG. 7, after
the first electrode 10 is formed and before the light-emitting
layer 20 is formed, or after the light-emitting layer 20 is
formed and before the first electrode 10 is formed, the
disclosed manufacturing method may also include forming
a second function layer 70. The second function layer 70
may include at least a second-type blocking layer. The
second blocking layer may be disposed adjacent to the
light-emitting layer 20.

[0155] Further, a second guest material may be doped in
the second-type blocking layer, in which the ratio of the
first-type carrier mobility of the host material over the
first-type carrier mobility of the second guest material may
be configured to be greater than or equal to about 10. Thus,
the balance of the electron and hole movement in the OLED
display panel may be improved, the carrier recombination
region may be confined near to the light-emitting layer 20,
the excitons formed by the electron and hole recombination
may be prevented from diffusing toward both sides of the
light-emitting layer 20, and the efficiency of the OLED
device may be increased. A flow chart of a corresponding
manufacturing method is shown in FIG. 10.

[0156] FIG. 10 illustrates a flow chart of another exem-
plary method for manufacturing an exemplary OLED dis-
play panel according to the present disclosure. As shown in
FIG. 10, at the beginning, a first electrode is formed on a
substrate (S210). The corresponding structure is shown in
FIG. 7.

[0157] A shown in FIG. 7, the first electrode 10 may be a
reflective electrode made of, for example, a metal alloy
containing Ag or Mg, or a transparent electrode made of, for
example, indium tin oxide or indium zinc oxide.

[0158] In certain embodiments, after the first electrode 10
is formed, a pixel defining layer (not shown in FIG. 7) may
also be formed. The pixel defining layer may include a
plurality of opening structures. Each opening structure may
correspond to a pixel region.

[0159] In certain other embodiments, before the first elec-
trode 10 is formed, a pixel defining layer (not shown in FIG.
7) may be formed. The pixel defining layer may include a
plurality of opening structures. Then, a first electrode 10
may be formed in each opening structure. The pixel defining
layer may prevent undesired color mixing of the subse-
quently formed light-emitting layer 20.

[0160] Returning to FIG. 10, after the first electrode is
formed, a second function layer is formed on the first
electrode (S220). The corresponding structure is shown in
FIG. 7.

[0161] A shown in FIG. 7, the second function layer 70
may include at least a second-type blocking layer. The
second-type blocking layer may be disposed adjacent to the
light-emitting layer 20. A second guest material may be
doped in the second-type blocking layer. In the second-type
blocking layer, the ratio of a first-type carrier mobility of the
host material over the first-type carrier mobility of the
second guest material may be configured to be greater than
or equal to about 10. In one embodiment, the first-type may
be a hole-type, and the second-type may be an electron-type.
In another embodiment, the first-type may be an electron-
type, and the second-type may be a hole-type.

[0162] Returning to FIG. 10, after the second function
layer is formed, a light-emitting layer is formed on the
second function layer (5230). The corresponding structure is
shown in FIG. 7.
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[0163] As shown in FIG. 7, for the light-emitting regions
of different emission colors, the light-emitting layer 20 may
be sequentially deposited by using masks. In certain
embodiments, the thicknesses of the light-emitting layers 20
corresponding to the light-emitting regions of different emis-
sion colors may be the same. In certain other embodiments,
the thicknesses of the light-emitting layers 20 corresponding
to the light-emitting regions of different emission colors may
be different.

[0164] The thicknesses of the light-emitting layers 20
corresponding to the light-emitting regions of different emis-
sion colors may be determined according to various factors,
such as the actual manufacturing requirements, the micro-
cavity structures corresponding to the light-emitting regions
of different emission colors, light-emitting layer character-
istics, and the transport balances between holes and elec-
trons in different light-emitting regions, etc., as long as,
through adjusting the cavity lengths of the corresponding
micro-cavity structures, the light emitted from the light-
emitting layers 20 corresponding to the light-emitting
regions of different emission colors can be enhanced by a
constructive interference.

[0165] Returning to FIG. 10, after the light-emitting layer
is formed on the second function layer, a first function layer
is formed on the light-emitting layer (S240). The corre-
sponding structure is shown in FIG. 7.

[0166] As shown in FIG. 7, the first function layer 60 may
include at least a first-type blocking layer. The first-type
blocking layer may be disposed adjacent to the light-emit-
ting layer. A first guest material may be doped in the
first-type blocking layer. In the first-type blocking layer, the
ratio of a second-type carrier mobility of the host material
over the second-type carrier mobility of the first guest
material may be configured to be greater than or equal to
about 10. In one embodiment, the first-type may be a
hole-type, and the second-type may be an electron-type. In
another embodiment, the first-type may be an electron-type,
and the second-type may be a hole-type.

[0167] Returning to FIG. 10, after the first function layer
is formed on the light-emitting layer, a second electrode is
formed on the first function layer (S250). The corresponding
structure is shown in FIG. 7.

[0168] As shown in FIG. 7, the second electrode 40 may
be made of a metal, such as Ag, or a transparent metal oxide,
such as indium tin oxide.

[0169] In another embodiment, the second electrode may
be formed on the substrate first, then the first function layer,
the light-emitting layer, the second function layer and the
first electrode may be sequentially formed on the second
electrode. A flow chart of the corresponding manufacturing
method is shown in FIG. 11.

[0170] FIG. 11 illustrates a flow chart of another exem-
plary manufacturing method for an exemplary OLED dis-
play panel according to the present disclosure. As shown in
FIG. 11, at the beginning, a second electrode is formed on
a substrate (S310). The corresponding structure is shown in
FIG. 7.

[0171] As shown in FIG. 7, the second electrode 40 may
be a reflective electrode made of, for example, a metal alloy
containing Ag or Mg, or a transparent electrode made of, for
example, indium tin oxide or indium zinc oxide.

[0172] In certain embodiments, after the second electrode
40 is formed, a pixel defining layer (not shown in FIG. 7)
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may also be formed. The pixel defining layer may include a
plurality of opening structures. Each opening structure may
correspond to a pixel region.

[0173] In certain other embodiments, before the second
electrode 40 is formed, a pixel defining layer may be formed.
The pixel defining layer may include a plurality of opening
structures. Then, a second electrode 40 may be formed in
each opening structure. The pixel defining layer may prevent
undesired color mixing of the subsequently formed light-
emitting layer 20.

[0174] Returning to FIG. 11, after the second electrode is
formed, a first function layer is formed on the second
electrode (S320). The corresponding structure is shown in
FIG. 7.

[0175] As shown in FIG. 7, the first function layer 60 may
include at least a first-type blocking layer. The first-type
blocking layer may be disposed adjacent to the light-emit-
ting layer 20. A first guest material may be doped in the
first-type blocking layer. In the first-type blocking layer, the
ratio of a second-type carrier mobility of the host material
over the second-type carrier mobility of the first guest
material may be configured to be greater than or equal to
about 10. In one embodiment, the first-type may be a
hole-type, and the second-type may be an electron-type. In
another embodiment, the first-type may be an electron-type,
and the second-type may be a hole-type.

[0176] Returning to FIG. 11, after the first function layer
is formed on the second electrode, a light-emitting layer is
formed on the first function layer (S330). The corresponding
structure is shown in FIG. 7.

[0177] As shown in FIG. 7, for the light-emitting regions
of different emission colors, the light-emitting layer 20 may
be sequentially deposited by using masks. In certain
embodiments, the thicknesses of the light-emitting layers 20
corresponding to the light-emitting regions of different emis-
sion colors may be the same. In certain other embodiments,
the thicknesses of the light-emitting layers 20 corresponding
to the light-emitting regions of different emission colors may
be different.

[0178] The thicknesses of the light-emitting layers 20
corresponding to the light-emitting regions of different emis-
sion colors may be determined according to various factors,
such as the actual manufacturing requirements, the micro-
cavity structures corresponding to the light-emitting regions
of different emission colors, light-emitting layer character-
istics, and the transport balances between holes and elec-
trons in different light-emitting regions, etc., as long as,
through adjusting the cavity lengths of the corresponding
micro-cavity structures, the light emitted from the light-
emitting layers 20 corresponding to the light-emitting
regions of different emission colors can be enhanced by a
constructive interference.

[0179] Returning to FIG. 11, after the light-emitting layer
is formed on the first function layer, a second function layer
is formed on the first electrode (S340). The corresponding
structure is shown in FIG. 7.

[0180] As shown in FIG. 7, the second function layer 70
may include at least a second-type blocking layer. The
second-type blocking layer may be disposed adjacent to the
light-emitting layer 20. A second guest material may be
doped in the second-type blocking layer. In the second-type
blocking layer, the ratio of a first-type carrier mobility of the
host material over the first-type carrier mobility of the
second guest material may be configured to be greater than
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or equal to about 10. The first-type may be a hole-type, and
the second-type may be an electron-type. Alternatively, the
first-type may be an electron-type, and the second-type may
be a hole-type.

[0181] Returning to FIG. 11, after the second function
layer is formed on the light-emitting layer, a first electrode
is formed on the second function layer (S350). The corre-
sponding structure is shown in FIG. 7.

[0182] As shown in FIG. 7, the first electrode 10 may be
a reflective electrode made of a metal alloy containing Ag or
Mg, or a transparent electrode made of indium tin oxide or
indium zinc oxide.

[0183] In certain embodiments, the content of the host
material in the first-type blocking layer and the second-type
blocking layer may be configured to be greater than or equal
to about 90%. The first function layer 60 may also include
at least one of a first-type injection layer, and a first-type
transport layer. The second function layer 70 may also
include at least one of a second-type injection layer, and a
second-type transport layer. The first-type blocking layer
and the second-type blocking layer may have a thickness
ranging approximately between 1 nm and 20 nm.

[0184] In certain embodiments, the second-type carrier
mobility of the host material in the first-type blocking layer
may be configured to be greater than or equal to about 10~
em %/V-S, and less than or equal to 10~ ecm™%/V-S. The
second-type carrier mobility of the first guest material in the
first-type blocking layer may be configured to be less than or
equal to about 10~* cm™2/VS. The first-type carrier mobility
of the host material in the second-type blocking layer may
be configured to be greater than or equal to about 10~*
em V-8, and less than or equal to 107> em™%/V-S. The
first-type carrier mobility of the second guest material in the
second-type blocking layer may be configured to be less
than or equal to about 10~ cm™2/V-8.

[0185] In certain embodiments, the first-type blocking
layer having a doped structure may be adopted to adjust the
carrier balance, confine the exciton recombination region in
the light-emitting layer, prevent a portion of the excitons
formed by electron and hole recombination from diffusing to
other layers on both sides of the light-emitting layer, and
increase the efficiency and life span of the OLED device.
[0186] As described above, the present disclosure pro-
vides a OLED display panel, an electronic device, and a
manufacturing method. The disclosed OLED display panel
may include at least a first electrode, a light-emitting layer,
a first function layer, and a second electrode, which are
disposed in stacked layers. The first function layer may
include at least a first-type blocking layer. The first-type
blocking layer may be disposed adjacent to the light-emit-
ting layer. The first-type blocking layer may be doped with
a first guest material.

[0187] In the first-type blocking layer, the ratio of the
second-type carrier mobility of the host material over the
second-type carrier mobility of the first guest material may
be configured to be greater than or equal to about 10, thereby
improving the light-emitting efficiency and life span of the
OLED display panel.

[0188] Various embodiments have been described to illus-
trate the operation principles and exemplary implementa-
tions. It should be understood by those skilled in the art that
the present invention is not limited to the specific embodi-
ments described herein and that various other obvious
changes, rearrangements, and substitutions will occur to
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those skilled in the art without departing from the scope of
the invention. Thus, while the present invention has been
described in detail with reference to the above described
embodiments, the present invention is not limited to the
above described embodiments, but may be embodied in
other equivalent forms without departing from the scope of
the present invention, which is determined by the appended
claims.

What is claimed is:

1. An OLED display panel, comprising:

a first electrode;

a light-emitting layer;

a first function layer including at least a first-type block-
ing layer disposed adjacent to the light-emitting layer,
wherein a first guest material is doped into a host
material of the first-type blocking layer, and a ratio of
a second-type carrier mobility of the host material over
a second-type carrier mobility of the first guest material
is greater than or equal to about 10; and

a second electrode,

wherein the first-type is a hole-type and the second-type
is an electron-type, or the first-type is an electron-type
and the second-type is a hole-type.

2. The OLED display panel according to claim 1, wherein:

the first electrode is an anode;

the second electrode is a cathode;

the first-type is the hole-type;

the second-type is the electron-type;

Tp>Te

T>Te

HOMO;-HOMO,20.3 eV and

HOMO ,-HOMO20.3 eV, where T is a triplet state
energy level of a host material B of the first-type
blocking layer, T is a triplet state energy level of a host
material C of the light-emitting layer, T, is a triplet
state energy level of a first guest material A of the
first-type blocking layer, HOMQy is a highest occupied
molecular orbital energy level of the host material B of
the first-type blocking layer, HOMO,.. is a highest
occupied molecular orbital energy level of the host
material C of the light-emitting layer, and HOMO,, is a
highest occupied molecular orbital energy level of the
first guest material A of the first-type blocking layer.

3. The OLED display panel according to claim 1, wherein:

the first electrode is an anode;

the second electrode is a cathode;

the first-type is the hole-type:

the second-type is the electron-type;

T>Te

Tp>Tes

LUMO-LUMO_=20.3 eV, and

LUMO,-LUMO20.3 eV, where T, is a triplet state
energy level of a host material E of the first-type
blocking layer, T is a triplet state energy level of a host
material C of the light-emitting layer, T,, is a triplet
state energy level of a first guest material D of the
first-type blocking layer, HOMOYy is a highest occupied
molecular orbital energy level of the host material E of
the first-type blocking layer, HOMO,. is a highest
occupied molecular orbital energy level of the host
material C of the light-emitting layer, and HOMO, is
a highest occupied molecular orbital energy level of the
first guest material D of the first-type blocking layer.
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4. The OLED display panel according to claim 1, further

including:

a second function layer disposed between the first elec-
trode and the light-emitting layer,

wherein the second function layer includes at least a
second-type blocking layer, disposed adjacent to the
light-emitting layer,

a second guest material is doped in a host material of the
second-type blocking layer, and

a ratio of a first-type carrier mobility of the host material
in the second-type blocking layer over a first-type
carrier mobility of the second guest material in the
second-type blocking layer is greater than or equal to
about 10.

5. The OLED display panel according to claim 2, wherein:

the host material B in the first-type blocking layer
includes at least one of 3,3'-[5'-[3-(3-pyridinyl)phenyl]
[1,1":3",1"-terphenyl]-3,3"-diyl]bispyridine (TmPyPB),
4,4-bis(9-carbazoly)-1,1"-biphenyl (BCP), 4,6-bis(3,5-
di(pyridine-4-yl)phenyl)-2-MethylpyriMidine
(B4PyMPM), star oxadiazole, and 1,3,5-tris(N-phenyl-
2-benzimidazole) benzene (TPBi); and

the first guest material A in the first-type blocking layer
includes at least one of 8-hydroxyquinoline aluminum
(Alg3), 8-hydroxyquinoline lithium (Liq), 2-(4-biphe-
nyl)-5-phenyl oxadiazole (PBD), 2,5-bis-(4-naphthyl)-
1,3,4-oxadiazole (BND), tris-(2,3,5,6-trimethyl)phe-
nylboron, and 2,5-diaryl silicon.

6. The OLED display panel according to claim 3, wherein:

the host material E in the second-type blocking layer
includes at least one of 4,4'-cyclohexylbis|N,N-bis(4-
methylphenyl)aniline] (TAPC), and N,N'-bis-(3-meth-
ylphenyl)-N,N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine
(TPD); and

the first guest material D in the second-type blocking
layer includes at least one of N,N'-dicarbazolyl-3,5-
benzene (mCP), 4,4'4"-triscarbazolyl-triphenylamine
(TCTA), and N,N"-bis(4-fluorophenyl)-N,N'-bis(3-
methylphenyl)-9,9'-dimethylfluorence-2,7-diamine
X).

7. The OLED display panel according to claim 1, wherein:

a content of the host material in the first-type blocking
material is greater than or equal to about 90%.

8. The OLED display panel according to claim 1, wherein:

the second-type carrier mobility of the host material in the
first-type blocking layer is configured to be greater than
or equal to about 10™* cm=%/V-S, and less than or equal
to 1073 cm™V-S; and

the second-type carrier mobility of the first guest material

in the first-type blocking layer is configured to be less
than or equal to about 10~* cm=2/V-S.

9. The OLED display panel according to claim 4, wherein:

the first-type carrier mobility of the host material in the
second-type blocking layer is configured to be greater
than or equal to about 10™* cm™%/V-S, and less than or
equal to 107 ¢cm=%/V'S; and

the first-type carrier mobility of the second guest material
in the second-type blocking layer is configured to be
less than or equal to about 107 cm™%/V'S.
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10. The OLED display panel according to claim 1,
wherein:

the first-type blocking layer has a thickness approximately
between 1 nm and 20 nm; and

the first function layer further includes at least one of a
second-type injection layer, and a second-type trans-
port layer.

11. The OLED display panel according to claim 4,

wherein:

the second function layer further includes at least one of
a second-type injection layer, and a second-type trans-
port layer.

12. The OLED display panel according to claim 1, further
including a plurality of pixel regions emitting light in
different colors, wherein:

the light-emitting layer corresponding to a pixel region
emitting red or green light is made of a phosphorescent
material; and

the light-emitting layer corresponding to a pixel region
emitting blue light is made of a fluorescent material.

13. The OLED display panel according to claim 1, further
including a plurality ofpixel regions emitting light in differ-
ent colors, wherein:

the light-emitting layer corresponding to a pixel region
emitting red or blue light is made of one or two types
of host materials; and

the light-emitting layer corresponding to a pixel region
emitting green light is made of at least two materials.

14. The OLED display panel according to claim 1, further
including a plurality of pixel regions emitting light in
different colors, wherein:

a micro-cavity structure is formed between the first elec-

trode and the second electrode in a pixel region;

a cavity length of the micro-cavity structure correspond-
ing to the pixel region is positively correlated with a
wavelength of emitted light corresponding to the pixel
region; and

the cavity length of the micro-cavity structure is a dis-
tance between the first electrode and the second elec-
trode.

15. An electronic device, comprising the OLED display

panel according to claim 1.
16. A manufacturing method for the OLED display panel,
comptising:
sequentially forming a first electrode, a light-emitting
layer, a first function layer, and a second electrode; or
sequentially forming a second electrode, a first function
layer, a light-emitting layer, and a first electrode,
wherein:
the first function layer includes at least a first-type
blocking layer disposed adjacent to the light-emit-
ting layer, a first guest material is doped into a host
material of the first function layer, and a ratio of a
second-type carrier mobility of the host material over
a second-type carrier mobility of the first guest
material is greater than or equal to about 10; and

the first-type is a hole-type and the second-type is an
electron-type, or the first-type is an electron-type and
the second-type is a hole-type.
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17. The manufacturing method for the OLED display
panel according to claim 16, wherein:

the first electrode is an anode;

the second electrode is a cathode;

the first-type is the hole-type;

the second-type is the electron-type;

Tp>Te

T>Tg

HOMO,~-HOMO_20.3 ¢V; and

HOMO ,~-HOMO/=20.3 eV, where T is a triplet state

energy level of a host material B of the first-type
blocking layer, T is a triplet state energy level of a host
material C of the light-emitting layer, T, is a triplet
state energy level of a first guest material A of the
first-type blocking layer, HOMOj is a highest occupied
molecular orbital energy level of the host material B of
the first-type blocking layer, HOMO,. is a highest
occupied molecular orbital energy level of the host
material C of the light-emitting layer, and HOMO, is a
highest occupied molecular orbital energy level of the
first guest material A of the first-type blocking layer.

18. The manufacturing method for the OLED display
panel according to claim 16, wherein:

the first electrode is an anode;

the second electrode is a cathode;

the first-type is the hole-type;

the second-type is the electron-type;

Te>Tg

T,>Tg;

LUMO~LUMO=20.3 eV; and

LUMO,-LUMO_.=20.3 eV, where T is the triplet state

energy level of the host material E of the first-type
blocking layer, T . is the triplet state energy level of the
host material C of the light-emitting layer, T, is the
triplet state energy level of the first guest material D of
the first-type blocking layer, HOMOy is the highest
occupied molecular orbital energy level of the host
material E of the first-type blocking layer, HOMO,. is
the highest occupied molecular orbital energy level of
the host material C of the light-emitting layer, and
HOMO,, is the highest occupied molecular orbital
energy level of the first guest material D of the first-
type blocking layer.

19. The manufacturing method for the OLED display
panel according to claim 16, wherein after forming the first
electrode and before forming the light-emitting layer, or
after forming the light-emitting layer and before forming the
first electrode, the manufacturing method further includes
forming a second function layer, wherein:

the second function layer includes at least a second-type

blocking layer, configured adjacent to the light-emit-
ting layer;

a second guest material is doped in a host material of the

second-type blocking layer, and

a ratio of a first-type carrier mobility of the host material

in the second-type blocking layer over a first-type
carrier mobility of the second guest material in the
second-type blocking layer is greater than or equal to
about 10.
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