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(7) ABSTRACT

Provided are an organic light-emitting display panel and a
display device. The organic light-emitting display includes
an array substrate and organic light-emitting components
each having an anode, a cathode and an organic functional
layer. The organic functional layer includes an organic
light-emitting layer, a first electron transmission layer, and a
hole injection layer. LUMO1 and LUMO4 satisfy:
ILUMO1-LUMO4I<1.7 eV. HOMOS5 and HOMO4 satisfy:
IHOMOS5-HOMO4I<1 eV. A work function ¢1 of the first
dopant and a work function ¢4 of the cathode satisfy:
pl<q4, and a work function @2 of the second dopant and a
work function ¢3 of the anode satisfy: @2>¢3.
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ORGANIC LIGHT-EMITTING DISPLAY
PANEL AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of pri-
ority to Chinese Patent Application No. 201810551452.7,
filed on May 31, 2018, the content of which is incorporated
herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technologies, and particularly, to an organic light-emitting
display panel and a display device.

BACKGROUND

[0003] In recent years, with the development of the dis-
play technologies, various kinds of display devices emerge
in the market. For example, liquid crystal display device,
organic light-emitting display device and the like have
already become the mainstream products in the current
display industry, where the organic light-emitting display
panel is the dominant trend of the display industry and
becomes the hot spot of research in the display field due to
its excellent characteristics of light-weight, thinness, low
power consumption, high brightness, high contrast, high
resolution, wide angle of view and the like.

[0004] One important component of the organic light-
emitting display panel is the organic light-emitting diode.
The organic light-emitting diode emits light through a
light-emitting layer disposed between an anode and a cath-
ode under an electric field applied between the anode and the
cathode. In a conventional organic light-emitting diode,
since a hole mobility is usually greater than an electron
mobility, a recombination center of the holes and the elec-
trons may deviate from the light-emitting layer, resulting in
a decrease in the light-emitting efficiency of the light-
emitting layer. Therefore, an problem to be solved urgently
is how to further balance the hole mobility and the electron
mobility in the organic light-emitting diode, so as to avoid
a deviation of their recombination center.

SUMMARY

[0005] In view of the above, embodiments of the present
disclosure provide an organic light-emitting display panel
and a display device, for avoiding a shift of recombination
centers of electrons and holes and thus improving a light-
emitting efficiency.

[0006] In a first aspect, the present disclosure provides an
organic light-emitting display panel. The organic light-
emitting display panel includes: an array substrate including
a plurality of driving elements; a plurality of organic light-
emitting components corresponding to the plurality of driv-
ing elements, wherein each of the plurality of organic
light-emitting components includes an anode, a cathode and
an organic functional layer disposed between the anode and
the cathode, wherein the organic functional layer includes an
organic light-emitting layer, a first electron transmission
layer disposed between the cathode and the organic light-
emitting layer, and a hole injection layer disposed between
the anode and the organic light-emitting layer. The first
electron transmission layer includes an electron transmis-
sion matrix and a first dopant, the first dopant includes an
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alkaline earth metal element or a rare earth metal element,
and the hole injection layer includes a hole injection matrix
and a second dopant. A lowest unoccupied molecular orbital
of the electron transmission matrix in the first electron
transmission layer LUMOI and a lowest unoccupied
molecular orbital of a host material in the organic light-
emitting layer LUMOM4 satisty: ILUMO1-LUMOA4I<1.7 eV.
A highest occupied molecular orbital of a hole injection
matrix in the hole injection layer HOMOS and a highest
occupied molecular orbital of the host material in the organic
light-emitting  layer HOMO4 satisfy: [HOMOS-
HOMO4I<1 eV. A work function ¢1 of the first dopant and
a work function @4 of the cathode satisfy: @1 <q4. The
second dopant is an inorganic material, and a work function
2 of the second dopant and a work function 3 of the anode
satisfy: p2>¢3; or the second dopant is an organic material,
and a lowest unoccupied molecular orbital LUMO of the
second dopant and the work function ¢3 of the anode satisfy
ILUMO-@31<0.8 eV.

[0007] In asecond aspect, the present disclosure provides
an organic light-emitting display device. The organic light-
emitting display device includes the organic light-emitting
display panel as mentioned in the first aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0008] In order to illustrate technical solutions of embodi-
ments of the present disclosure or the related art, the
accompanying drawings used in the embodiments or the
related art are introduced hereinafter. These drawings
merely illustrate some embodiments of the present disclo-
sure. On the basis of these drawings, those skilled in the art
can also obtain other drawings without paying any creative
effort.

[0009] FIG. 1 is a schematic structural diagram of an
organic light-emitting display panel according to an embodi-
ment of the present disclosure;

[0010] FIG. 2 is a schematic diagram of a principle of an
organic light-emitting display panel according to an embodi-
ment of the present disclosure;

[0011] FIG. 3 is another schematic structural diagram of
an organic light-emitting display panel according to an
embodiment of the present disclosure;

[0012] FIG. 4 is a cross-sectional view of an organic
light-emitting component according to an embodiment of
the present disclosure along AA' line in FIG. 3;

[0013] FIG. 5 is a cross-sectional view of an organic
light-emitting component according to another embodiment
of the present disclosure along AA' line in FIG. 3;

[0014] FIG. 6 is a cross-sectional view of an organic
light-emitting component according to yet another embodi-
ment of the present disclosure along AA' line in FIG. 3;
[0015] FIG. 7 is a cross-sectional view of an organic
light-emitting component according to yet another embodi-
ment of the present disclosure along AA' line in FIG. 3;
[0016] FIG. 8 is a cross-sectional view of an organic
light-emitting component according to yet another embodi-
ment of the present disclosure along AA' line in FIG. 3;
[0017] FIG. 9 is a cross-sectional view of an organic
light-emitting component according to yet another embodi-
ment of the present disclosure along AA' line in FIG. 3;
[0018] FIG. 10 is a cross-sectional view of an organic
light-emitting component according to yet another embodi-
ment of the present disclosure along AA' line in FIG. 3; and



US 2019/0372048 A1l

[0019] FIG. 11 is a schematic structural diagram of an
organic light-emitting display device according to an
embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0020] In order to clarify the objects, technical solutions
and advantages of the present disclosure, the technical
solutions in the embodiments of the present disclosure will
be clearly and completely described with reference to the
accompanying drawings. Obviously, the described embodi-
ments are only a part of the embodiments, rather than all of
them. Based on the embodiments of the present disclosure,
any other embodiments obtained by those skilled in the art
shall fall into the protection scope of the present disclosure.
[0021] The terms used in the embodiments of the present
disclosure are merely for the purpose of describing specific
embodiments, rather than limiting the present disclosure.
The singular form “a”, “an”, “the” and “said” used in the
embodiments and claims shall be interpreted as also includ-
ing the plural form, unless indicated otherwise in the con-
text.

[0022] It should be understood that, the term “and/or” is
used in the present disclosure merely to describe relations
between associated objects, and thus includes three types of
relations. That is, A and/or B can represent: (a) A exists
alone; (b) A and B exist at the same time; or (c) B exists
alone. In addition, the character */”* generally indicates “or”.
[0023] It should be understood that, although expressions
“first”, “second”, “third” etc. are used to describe specific
electron transmission layers, they shall not be interpreted as
limiting the specific electron transmission layers. These
expressions are merely used to distinguish among the spe-
cific electron transmission layers. For example, without
departing from the scope of the present disclosure, a first
electron transmission layer also can be referred as a second
electron transmission layer, and vice versa.

[0024] It should be noted that, the terms such as “on”,
“under”, “left”, “right” are used to describe orientations and
locations in a view angel shown in the drawings, which shall
not be interpreted as limitations of the present disclosure. In
addition, in the context, it should be noted that, when an
element is formed “on” or “under” another element, the
element can be directly formed “on” or “under” the other
element, or can be indirectly formed “above” or “below” the
other element through an intervening element.

[0025] Before describing the embodiments of the present
disclosure in detail, a structure of a related organic light-
emitting display panel and the concept of the present dis-
closure are briefly introduced as follows.

[0026] FIG. 1 illustrates a schematic structural diagram of
an organic light-emitting display panel according to an
embodiment of the present disclosure. The organic light-
emitting display panel 1 includes an array substrate 10, and
the array substrate 10 includes a plurality of driving ele-
ments (not shown). The organic light-emitting display panel
1 further includes an anode 12, a cathode 14 and an organic
functional layer 13 between the anode 12 and the cathode
14.

[0027] It should be understood that, the anode 12 is in
contact with a side of the array substrate 10, and the cathode
14 is located on a side of the organic functional layer 13
facing away from the array substrate 10.

[0028] The array substrate 10 in the present embodiment
can be a flexible substrate, and the corresponding organic
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light-emitting display panel 1 can be a flexible organic
light-emitting display panel. Since the flexible organic light-
emitting display panel has special characteristics such as low
power consumption, bendability and the like, it is applicable
to diverse kinds of display devices, especially to a wearable
display device. In an embodiment, the flexible substrate is
made of polyester imide or polyethylene terephthalate resin.
In addition, the array substrate 10 can also be a rigid
substrate, and correspondingly, the organic light-emitting
display panel 1 can be a rigid organic light-emitting display
panel. In fact, the present disclosure does not specifically
limit the material of the organic light-emitting display panel.
[0029] In the present embodiment, during an electrolumi-
nescence process, the anode 12 is applied with a positive
voltage. In the present embodiment, the anode 12 can be
made of indium tin oxide. The anode 12 at least includes a
reflective film located on a side of the anode 12 facing away
from the array substrate 10, and the reflective film can be
made of silver. The anode 12 can further include a trans-
parent conductive thin film located on a side of the reflective
film facing away from the array substrate 10, and the
transparent conductive thin film can be made of indium tin
oxide or indium zinc oxide.

[0030] In the present embodiment, during the electrolu-
minescence process, the cathode 14 is applied with a nega-
tive voltage. In order to improve the capacity of injecting the
electron carriers from the cathode 14 into the organic
functional layer 13, the cathode 14 can be made of a material
or a composite metal material having low work function,
such as Ag, Al, Ca, In, Li, Mg and the like.

[0031] FIG. 2 is a schematic diagram of a principle of an
organic light-emitting display panel according to an embodi-
ment of the present disclosure. Under an applied electric
field, electrons e are injected from the cathode 14 into the
organic functional layer 13, and the holes h are injected from
the anode 12 to the organic functional layer 13. The injected
electrons e and the injected holes h generate excitons after
the organic light-emitting layer 131 is recombined. The
excitons migrate under the effect of the electric field, and
transmit energy to organic light-emitting molecules in the
organic light-emitting layer 131. The electrons of the
organic light-emitting molecules jump from a ground state
to an excited state and release energy. Finally, the energy is
released in a form of photons to emit light.

[0032] In the related art, since the electron mobility and
the hole mobility are different, the recombination center of
the electrons and holes will be deviate, so that the excitons
may be dissipated as heat energy after the recombination of
the electrons and holes. Since the recombination center of
the electrons and holes is not in the organic light-emitting
layer, the generated energy cannot be transmitted to the
organic light-emitting molecules, and thus cannot generate
photons to emit light.

[0033] In order to solve the above problem of the recom-
bination center of the electrons and holes deviating, the
present disclosure provides following technical solutions.
[0034] The present disclosure provides an organic light-
emitting display panel, as shown in FIG. 3 and FIG. 4, where
FIG. 3 is another schematic structural diagram of an organic
light-emitting display panel according to an embodiment of
the present disclosure, and FIG. 4 is a cross-sectional view
of an organic light-emitting component according to an
embodiment of the present disclosure along AA' line in FIG.
3. As shown in FIG. 3, the organic light-emitting display
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panel 1 includes an array substrate 10, and the array sub-
strate 10 includes a plurality of driving elements 101. In
order to illustrate a relation between the driving elements
and the organic light-emitting components, the organic
light-emitting components in FIG. 3 are set to have a
transparency of 60%, so that the driving elements 101
covered by the organic light-emitting components can be
viewed.

[0035] Referring to FIG. 4, the organic light-emitting
display panel 1 further includes an organic light-emitting
component 11 corresponding to a driving element 101. The
organic light-emitting component 11 includes an anode 12,
a cathode 14 and an organic functional layer 13 disposed
between the anode 12 and the cathode 14. The organic
functional layer 13 includes an organic light-emitting layer
131, a first electron transmission layer 132 disposed between
the cathode 14 and the organic light-emitting layer 131, and
a hole injection layer 135 disposed between the anode 12
and the organic light-emitting layer 131. The first electron
transmission layer 132 includes an electron transmission
matrix and a first dopant 1321, and the first dopant 1321
includes an alkaline earth metal element or a rare earth metal
element. In addition, a lowest unoccupied molecular orbital
of the electron transmission matrix in the first electron
transmission layer 132 LUMOI1 and a lowest unoccupied
molecular orbital of a host material in the organic light-
emitting layer 131 LUMOA4 satisfy: ILUMO1-LUMOA4I<1.7
eV, and a work function @1 of the first dopant 1321 and a
work function ¢4 of the cathode 14 satisfy: ¢pl<q4.

[0036] In the present embodiment, since the first dopant
1321 is disposed in the first electron transmission layer 132
and includes an alkaline earth metal element or a rare earth
metal element, the first electron transmission layer 132 can
improve the mobility of electron carriers and thus more
electron carriers can migrate from the cathode 14 into the
organic light-emitting layer 131.

[0037] In addition, when a negative bias is applied to the
cathode, the electrons overcome a potential barrier and
migrate toward a lower energy level until reaching the
organic light-emitting layer. Therefore, it is conductive to
the migration of electron carriers when the work function ¢1
of the first dopant 1321 is smaller than the work function ¢4
of the cathode 14. Further, since the lowest unoccupied
molecular orbital of the electron transmission matrix in the
first electron transmission layer 132 LUMOI1 and the lowest
unoccupied molecular orbital of the host material in the
organic light-emitting layer 131 LUMO4 satisfy: ILUMO1-
LUMO4I<1.7 eV, the energy level difference between these
two lowest unoccupied molecular orbitals 1s relatively small,
thereby reducing the potential barrier of injecting electrons,
and facilitating injecting more electron carriers into the
organic light-emitting layer 131.

[0038] Still referring to FIG. 4, the hole injection layer 135
includes a hole injection matrix and a second dopant 1351.
A highest occupied molecular orbital of a hole injection
matrix in the hole injection layer 135 HOMOS and a highest
occupied molecular orbital of the host material in the organic
light-emitting layer 131 HOMO4 satisfy: [HOMOS-
HOMO4I<1 eV. The second dopant is an inorganic material,
and a work function 2 of the second dopant and a work
function @3 of the anode satisfy: p2>¢3. Alternatively, the
second dopant is an organic material, and a lowest unoccu-
pied molecular orbital LUMO of the second dopant and the
work function @3 of the anode satisfy ILUMO-¢31<0.8 V.
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The work function or lowest unoccupied molecular orbital
LUMO of the second dopant satisfying the above conditions
can facilitate injecting holes from anode into the hole
injection layer.

[0039] When a positive bias is applied to the anode, the
holes overcome a potential barrier and migrate toward a
higher energy level until reaching the organic light-emitting
layer 131. Therefore, it is conductive to the migration of hole
carriers when the work function ¢2 of the second dopant
1351 is greater than the work function ¢3 of the anode 12.
Further, since the highest occupied orbital energy of the hole
injection matrix in the hole injection transmission layer 135
HOMOS and the highest occupied orbital energy of the host
material in the organic light-emitting layer 131 HOMO4
satisfy: [HOMOS-HOMO4I<1 eV, the energy level differ-
ence between these two highest occupied molecular orbitals
is relatively small, thereby reducing the potential barrier of
injecting holes, and facilitating injecting more hole carriers
into the organic light-emitting layer.

[0040] In summary, the present embodiment can balance
the electron mobility and the hole mobility, so that electrons
and holes are recombined in the organic light-emitting layer,
thereby avoiding the deviation of the recombination center
of the electrons and holes and improving the light-emitting
efficiency.

[0041] FIG. 5 is a cross-sectional view of an organic
light-emitting component according to another embodiment
of the present disclosure along AA' line in FIG. 3, where the
organic functional layer 13 further includes a second elec-
tron transmission layer 133 located between the first electron
transmission layer 132 and the organic light-emitting layer
131. The second electron transmission layer 133 is undoped
by the first dopant. A highest occupied molecular orbital
HOMO?2 of an electron transmission matrix in the second
electron transmission layer 133 and the highest occupied
molecular orbital HOMO4 of the host material in the organic
light-emitting layer 131 satisfy: IHOMO2-HOMO4|<1 eV.
[0042] In the present embodiment, since the second elec-
tron transmission layer 133 is located between the first
electron transmission layer 132 and the organic light-emit-
ting layer 131 and is undoped by the first dopant 1321, a
diffusion of the first dopant 1321 into the organic light-
emitting layer 131 can be effectively avoided, thereby pre-
venting the photons generated by recombination of electrons
and holes from being absorbed by the first dopant 1321. In
this way, the light-emitting efficiency of the organic light-
emitting display panel can be improved. In addition, since
the highest occupied molecular orbital HOMO2 of the
electron transmission matrix in the second electron trans-
mission layer 133 and the highest occupied molecular orbital
HOMOA4 of the host material in the organic light-emitting
layer 131 satisfy: IHOMO2-HOMOA4I<1 &V, the migration
of the hole carriers from the cathode to the organic light-
emitting layer can be suppressed, and electron carriers can
be prevented from being recombined with the hole carriers
before reaching the organic light-emitting layer, which
would otherwise negatively affect the light-emitting effi-
ciency.

[0043] It should be noted that, in order to facilitate a
comparison between a value of the highest occupied orbital
energy HOMO?2 of the electron transmission matrix in the
second electron transmission layer 133 and a value of the
highest occupied orbital energy HOMOA4 of the host material
in the organic light-emitting layer 131, the above two values
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discussed in the present disclosure are both set to be absolute
values, so as to avoid a situation in which one of these two
values is a positive value and the other one is a negative
value. For example, the highest occupied orbital energy
HOMO?2 of the electron transmission matrix in the second
electron transmission layer 133 is 6 eV, and the highest
occupied orbital energy HOMO4 of the host material in the
organic light-emitting layer 131 is 5 eV. In this way, since
the holes transit to a higher energy state and the highest
occupied orbital energy HOMO4 of the host material in the
organic light-emitting layer 131 is relatively low, the tran-
sition of the holes can be suppressed and thus the second
electron transmission layer has an effect of blocking the
holes.

[0044] Further, FIG. 6 is a cross-sectional view of an
organic light-emitting component according to yet another
embodiment of the present disclosure along AA' line in FIG.
3. In this embodiment, the organic functional layer 13
further includes a third electron transmission layer 134
disposed between the first electron transmission layer 132
and the second electron transmission layer 133.

[0045] In the present embodiment, since the third electron
transmission layer 134 is arranged between the first electron
transmission layer 132 and the second electron transmission
layer 133, a distance between the first electron transmission
layer 132 including the first dopant 1321 and the organic
light-emitting layer 131 increases, and thus the influence of
the first dopant 1321 on the organic light-emitting layer 131
can be further blocked.

[0046] Moreover, in the transition of the electrons from
the cathode 14 to the organic light-emitting layer 131, the
electrons firstly transit from the first electron transmission
layer 132 to the third electron transmission layer 134, and
then transit to the second electron transmission layer 133, so
as to form an energy level gradient of electron transition. In
this way, electrons do not need to span the high energy level,
thereby avoiding an accumulation of electrons at the inter-
face, facilitating the injection of electrons, and improving a
response speed of the organic light-emitting component.
[0047] Further, FIG. 7 is a cross-sectional view of an
organic light-emitting component according to yet another
embodiment of the present disclosure along AA' line in FIG.
3. In this embodiment, the third electron transmission layer
134 includes the first dopant 1321. A doping concentration
of the first dopant 1321 in the third electron transmission
layer 134 is smaller than a doping concentration of the first
dopant 1321 in the first electron transmission layer 132.
[0048] In this embodiment, since the doping concentration
of the first dopant 1321 in the third electron transmission
layer 134 is smaller than the doping concentration of the first
dopant 1321 in the first electron transmission layer 132, a
doping concentration gradient of the first dopant 1321 is
formed in a direction from the cathode 14 to the organic
light-emitting layer 131. In this way, the electrons do not
need to span the high energy level, thereby avoiding an
accumulation of electrons at the interface, facilitating the
injection of electrons, and improving a response speed of the
organic light-emitting component.

[0049] In addition, the third electron transmission layer
134 is closer to the organic light-emitting layer 131 than the
first electron transmission layer 132. Only when the con-
centration of the first dopant 1321 in the third electron
transmission layer 134 is smaller than the concentration of
the first dopant 1321 in the first electron transmission layer
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132, it can be ensured that the first dopant 1321 will not
diffuse into the second electron transmission layer 132 and
does not affect the organic light-emitting layer 131.

[0050] According to the above embodiment, although the
third electron transmission layer 134 includes the first dop-
ant 1321, since the second electron transmission layer 133 is
disposed between the third electron transmission layer 134
and the organic light-emitting layer 131 and the second
electron transmission layer 133 does not include the first
dopant 1321, the first dopant 1321 can be effectively pre-
vented from entering the organic light-emitting layer 131.
[0051] Further, a concentration of the first dopant 1321 at
a side of the third electron transmission layer 134 close to
the first electron transmission layer 132 is greater than a
concentration of the first dopant 1321 at a side of the third
electron transmission layer 134 away from the first electron
transmission layer 132.

[0052] Inthe present embodiment, since the concentration
of the first dopant 1321 in the third electron transmission
layer 134 gradually decreases in a direction from the cathode
14 to the organic light-emitting layer 131, it can effectively
prevent the first dopant 1321 from diffusing to the second
electron transmission layer 132 and affecting the organic
light-emitting layer 131.

[0053] Since the concentration of the first dopant 1321 in
the first electron transmission layer 132 is relatively greater,
the first dopant 1321 will diffuse toward the third electron
transmission layer 134, so that the concentration of the first
dopant 1321 in the third electron transmission layer 134
closer to the first electron transmission layer 132 is relatively
greater.

[0054] In addition, since the third electron transmission
layer 134 is provided with the first dopant 1321, the potential
barrier of injecting the electron carriers from the first elec-
tron transmission layer 132 into the third electron transmis-
sion layer 134 is lowered, and the transition of the electron
carriers can be utilized.

[0055] Referring to FIG. 7, in a direction perpendicular to
the organic light-emitting display panel 1 (shown by an
arrow in FIG. 7), the first electron transmission layer 132 has
a thickness dl greater than a thickness d2 of the second
electron transmission layer 133. Since the first electron
transmission layer 132 includes the first dopant 1321, the
greater thickness of the first electron transmission layer 132
matches a diffusion range of the first dopant 1321. In this
way, the first dopant 1321 can be prevented from diffusing
to the second electron transmission layer 133, and thus the
influence of the first dopant 1321 on the organic light-
emitting layer 131 can be further avoided.

[0056] Still referring to FIG. 7, the third electron trans-
mission layer 134 has a thickness d3 smaller than the
thickness d2 of the second electron transmission layer 133.
In a case where the organic light-emitting component 11 has
a required film layer thickness, since the second electron
transmission layer 133 is in contact with the organic light-
emitting layer 131, i.e., the second electron transmission
layer 133 is closer to the organic light-emitting layer than the
third electron transmission layer 134, the first dopant 1321
in the third electron transmission layer 134 can be further
prevented from affecting the organic light-emitting layer 131
when the thickness d2 of the second electron transmission
layer 133 is greater than the thickness d3 of the third electron
transmission layer 134, thereby ensuring the light-emitting
efficiency.
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[0057] It should be understood that, in other embodiments,
the thickness d3 of the third electron transmission layer 134
can also be greater than the thickness d2 of the second
electron transmission layer 133, and the thickness d1 of the
first electron transmission layer 132 can also be smaller than
the thickness d2 of the second electron transmission layer
133. The thicknesses of these electron transmission layers
can be set according to a specific product.

[0058] In a further embodiment, a material of the electron
transmission matrix in the third electron transmission layer
134 is the same as a material of the electron transmission
matrix in the first electron transmission layer 132. For
example, the electron transmission matrix of the third elec-
tron transmission layer 134 can be made of bipyridine,
triazine ring or lithium quinoline (L1Q) or the like, thereby
improving the mobility of electron carriers and the injection
efficiency of electron carriers.

[0059] Alternatively, the material of the electron transmis-
sion matrix in the third electron transmission layer 134 is the
same as a material of the electron transmission matrix in the
second electron transmission layer 133. For example, the
electron transmission matrix of the third electron transmis-
sion layer 134 can be made of carbazole material, thiophene
material, fluorene material or a spiro material, so that the
mobility of the hole carrier can be suppressed, thereby
preventing the electron carriers and hole carriers from being
accumulated and recombined in the third electron transmis-
sion layer 134.

[0060] It can be understood that, in the present embodi-
ment, the electron transmission matrix of the first electron
transmission layer 132 is different from the electron trans-
mission matrix of the second electron transmission layer 13.
The second electron transmission layer 133 can be treated as
a hole blocking layer. In this way, on the one hand, the
mobility of the electron carriers can be improved, and on the
other hand, the mobility of the hole carriers can be sup-
pressed and the electron carriers and the hole carriers can be
prevented from being accumulated and thus recombined in
the second electron transmission layer 133. In addition, the
second electron transmission layer 133 without the first
dopant 1321 can effectively prevent the first dopant 1321
from entering the organic light-emitting layer 131, thereby
avoiding the influence of the first dopant 1321 on the organic
light-emitting layer.

[0061] FIG. 8 is a cross-sectional view of an organic
light-emitting component according to yet another embodi-
ment of the present disclosure along AA' line in FIG. 3. In
this embodiment, the organic functional layer further
includes a first hole transmission layer 136 located between
the hole injection layer 135 and the organic light-emitting
layer 131.

[0062] In the present embodiment, a highest occupied
molecular orbital HOMOG of a hole transmission matrix in
the first hole transmission layer 136 and the highest occu-
pied molecular orbital HOMO4 of the host material in the
organic light-emitting layer 131 satisfy: |HOMOG6-
HOMO41<0.8 eV.

[0063] In the present embodiment, since the highest occu-
pied molecular orbital HOMOG6 of the hole transmission
matrix in the first hole transmission layer 136 and the highest
occupied molecular orbital HOMO4 of the host material in
the organic light-emitting layer 131 satisfy: I[HOMOG-
HOMOA4I<0.8 eV, on the one hand, the migration of the hole
carriers to the organic light-emitting layer can be enhanced
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and the light-emitting efficiency can be improved; and on the
other hand, the energy level difference between the highest
occupied molecular orbital HOMOG6 of the hole transmission
matrix in the first hole transmission layer 136 and the highest
occupied molecular orbital HOMO4 of the host material in
the organic light-emitting layer 131 is relatively small,
thereby reducing the potential barrier of injecting holes and
facilitating injecting more holes.

[0064] Further, FIG. 9 is a cross-sectional view of an
organic light-emitting component according to yet another
embodiment of the present disclosure along AA' line in FIG.
3. In this embodiment, the organic functional layer 13
further includes a second hole transmission layer 137
located between the hole injection layer 135 and the first
hole transmission layer 136.

[0065] In the present disclosure, the holes firstly transit
from the anode 12 to the organic light-emitting layer 131,
and then transit from the hole injection layer 135 to the
second hole transmission layer 137 and then transit to the
first hole transmission layer 136, so as to form an energy
level gradient of hole transition. In this way, holes do not
need to span the high energy level, thereby avoiding an
accumulation of holes at the interface, facilitating the injec-
tion of holes, and improving a response speed of the organic
light-emitting component.

[0066] It should be noted that, in this embodiment, the
second hole transmission layer 137 may not include the
second dopant 1351. In this way, the mobility of holes from
the anode 12 to the organic light-emitting layer 131 can be
matched with the mobility of electrons from the cathode 14
to the organic light-emitting layer 131, thereby avoiding the
deviation of the recombination center of the holes and
electrons.

[0067] Further, FIG. 10 is a cross-sectional view of an
organic light-emitting component according to yet another
embodiment of the present disclosure along AA' line in FIG.
3. In this embodiment, the second hole transmission layer
137 includes the second dopant 1351, and a doping concen-
tration of the second dopant 1351 in the second hole
transmission layer 137 is smaller than a doping concentra-
tion of the second dopant 1351 in the hole injection layer
135.

[0068] Inthis embodiment, since the doping concentration
of the second dopant in the second hole transmission layer
137 is smaller than a doping concentration of the second
dopant in the hole injection layer, a doping concentration
gradient is formed in a direction from the anode 12 to the
organic light-emitting layer 131. In this way, the holes do not
need to span the high energy level, thereby avoiding an
accumulation of holes at the interface, facilitating the injec-
tion of holes, and improving a response speed of the organic
light-emitting component.

[0069] In an embodiment, the second dopant 1351 is a
P-type dopant having a lowest occupied orbital energy
LUMO deeper than 4.5 eV. The P-type dopant is doped in
the hole injection layer 135 and the lowest occupied orbital
energy LUMO has an absolute value larger than 4.5 €V,
which can reduce the potential barrier between the hole
injection layer and the anode 12, so that the hole carriers
generated by the anode 12 can be more easily injected into
the hole injection layer 135.

[0070] Further, the second dopant 1351 is doped in the
hole injection layer 135 in a volume percentage of 0.2% to
5%. With an increase in the volume percentage of the second
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dopant 1351 doped in the hole injection layer 135, a hole
injection efficiency is improved. On the contrary, with
increase in the volume percentage of the second dopant 1351
doped in the hole injection layer 135, a light transmittance
of the hole injection layer 135 is negatively affected. There-
fore, in the present embodiment, the volume percentage is
set between 0.2% and 5%, in order to balance the light
transmittance and hole injection efficiency of the hole injec-
tion layer 135.

[0071] Still referring to FIG. 10, the second hole trans-
mission layer 137 includes the second dopant 1351, and a
concentration of the second dopant 1351 at a side of the
second hole transmission layer 137 close to the hole injec-
tion layer 135 is greater than a concentration of the second
dopant 1351 at a side of the second hole transmission layer
137 away from the hole injection layer 135.

[0072] In combination with the above embodiments, in
order to reduce the potential barrier between the hole injec-
tion layer 135 and the anode 12 and increase the hole
injection efficiency, the concentration of the second dopant
1351 in the hole injection layer 135 is relatively greater, and
the second dopant 1351 diffuses in the hole injection layer
135. Therefore, the concentration of the second dopant 1351
at the side of the second hole transmission layer 137 close
to the hole injection layer 135 is relatively greater.

[0073] In addition, the concentration of the second dopant
1351 in the second hole transmission layer 137 exhibits a
decreasing tendency in the direction from the anode 12 to the
organic light-emitting layer 131, so as to prevent the second
dopant 1351 from affecting the organic light-emitting layer
131. A concentration gradient of the second dopant 1351 is
formed in the direction from the anode 12 to the organic
light-emitting layer 131, so that the holes do not need to span
the high energy level, thereby avoiding the accumulation of
holes at the interface, facilitating the injection of holes, and
improving the response speed of organic light-emitting
device.

[0074] Inaddition, still referring to FIG. 10, a thickness d4
of the first hole transmission layer 136 is greater than a
thickness d5 of the hole injection layer 135, and the thinner
hole injection layer 135 is conductive to the injected holes
rapidly migrating to the organic light-emitting layer 131,
thereby increasing the number of hole carriers that migrate
to the organic light-emitting layer 131.

[0075] In other embodiments, the thickness d4 of the first
hole transmission layer 136 can also be smaller than the
thickness d5 of the hole injection layer 135, and a thickness
d6 of the second hole transmission layer 137 can be smaller
than the thickness of the first hole transmission layer 136.
The above three thicknesses are not specifically limited in
the present disclosure and can be set depending on the
specific product.

[0076] In an embodiment, a material of a hole transmis-
sion matrix in the second hole transmission layer 137 is the
same as a material of the hole injection matrix in the hole
injection layer 135. Since the materials of the hole trans-
mission matrix and the hole injection matrix are the same,
the second hole transmission layer 137 can be treated as a
hole injection layer. In this way, a potential barrier at an
interface between the anode 12 and the hole injection layer
135 is the same as a potential barrier at an interface between
the hole injection layer 135 and the second hole transmission
layer 137, which is conductive to the injection of the hole
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carriers and in turn increases the number of hole carriers that
migrate to the organic light-emitting layer 131.

[0077] In an embodiment, the hole mobility in the first
hole transmission layer 136 and the electron mobility of the
second electron transmission layer 133 satisfy:

llog,o[Hm(HTL1)]-log, [Em(ETL2)]1<4.

[0078] In this embodiment, when the hole mobility in the
first hole transmission layer 136 and the electron mobility in
the second electron transmission layer 133 satisfy the above
relation, that is, a number of the hole carriers the transit from
the first holes transmission layer 136 to the organic light-
emitting layer 131 and a number of electron carriers that
transit from the second electron transmission layer 133 to
the organic light-emitting layer 131 reach a certain ratio
required for the recombination thereof , the light-emitting
efficiency can be improved.

[0079] In another embodiment, the thickness d6 of the
second hole transmission layer 137 and the thickness d2 of
the second electron transmission layer 133 satisfy: d6>6d2.

[0080] In this embodiment, when the thickness of the
second hole transmission layer 137 and the thickness of the
second electron transmission layer 133 satisfy the above
relation, the mobility of the electron carriers that transit to
the organic light-emitting layer and the mobility of the hole
carriers that transit to the organic light-emitting layer are
balanced, so that the electron carriers and hole carriers are
recombined in the organic light-emitting layer, thereby
improving the light-emitting efficiency.

[0081] It should be understood that, in other embodiments,
the thickness of the second hole transmission layer 137 can
also be smaller than the thickness of the second electron
transmission layer. This can be set according to a specific
product.

[0082] Inanembodiment, the first dopant 1321 is doped in
the first electron transmission layer 132 in a volume per-
centage of 0.5%-7%. The larger the volume percentage of
the first dopant 1321 doped in the first electron transmission
layer 132 is, the faster the mobility of the electron carriers
is. However, considering that the first dopant 1321 includes
an alkaline earth metal element or a rare earth metal element,
the light transmittance of the first electron transmission layer
132 may be influenced. Therefore, the volume ratio of the
first dopant 1321 in the first electron transmission layer 132
is set in the present embodiment, in order to balance the
mobility of the electron carrier and the light transmittance of
the first electron transmission layer 132. When the volume
percentage of the first dopant 1321 doped in the first electron
transmission layer 132 is smaller than 0.5%, the mobility of
the electron carriers will be affect. When the volume per-
centage of the first dopant 1321 doped in the first electron
transmission layer 132 is greater than 7%, the light trans-
mittance of the first electron transmission layer 132 will be
reduced, which in turn affects a quantity of the emitted light
of the organic light-emitting display panel 1. For example,
when the volume percentage of the first dopant 1321 doped
in the first electron transmission layer 132 is in the range of
0.5%-7%, the light transmittance of the first electron trans-
mission layer 132 is greater than 65%.

[0083] In an embodiment, the first dopant 1321 can
include at least one of alkaline earth metal elements Mg and
Ga, or the first dopant 1321 can include at least one of
lanthanide series of rare earth metal elements such as Yb,



US 2019/0372048 A1l

Sm and Tm, or the first dopant 1321 can include at least one
of rare earth metal elements Y, Gd and Lu.

[0084] Since the first dopant 1321 includes at least one of
Mg, Ga, Yb, Sm, Tm, Y, Gd or Lu, the first electron
transmission layer 132 and the third electron transmission
layer 134 containing the first dopant 1321 can effectively
improve the mobility and injection efficiency of the electron
carriers, thereby improving the light-emitting effect of the
organic light-emitting display panel 1.

[0085] Further, the first dopant 1321 can be an alkaline
earth metal element or a rare earth metal element. That is, the
first dopant 1321 doped into the first electron transmission
layer 132 and the third electron transmission layer 134 exists
in a form of elementary metal.

[0086] In an embodiment, the first dopant 1321 can be a
metallic compound. That is, the first dopant 1321 doped into
the first electron transmission layer 132 and the third elec-
tron transmission layer 134 exists in a form of a metallic
compound. For example, the metallic compound can be a
metal oxide, such as magnesium oxide or calcium oxide; or
the metallic compound can be a metal halide, such as lithium
fluoride; or the metallic compound can be a metal complex,
such as lithium quinoline.

[0087] It should be noted that the first dopant 1321 can
improve the mobility of electron carriers and reduce the
potential barrier of injecting electrons carrier, despite of the
form of the first dopant 1321 existing in the first electron
transmission layer 132 and the third electron transmission
layer 134.

[0088] FIG. 11 is a schematic structural diagram of an
organic light-emitting display device according to an
embodiment of the present disclosure. The organic light-
emitting display device includes the organic light-emitting
display panel 1 described above. It should be noted that,
although a mobile phone is taken as an example in FIG. 11,
the organic light-emitting display device is not limited
thereto. Specifically, the organic light-emitting display
device can include but not limited to electronic devices
having display function such as personal computer (PC),
personal digital assistant (PDA), wireless handhold device,
tablet computer, MP4 player, television, or the like.

[0089] In the present disclosure, the organic light-emitting
display device includes the above organic light-emitting
display panel 1, and thus the organic light-emitting display
device can achieve all the beneficial effects accomplished by
the above organic light-emitting display panel 1. That is, the
first electron transmission layer includes the first dopant, and
the first dopant includes an alkaline earth metal element or
a rare earth metal element. In this way, the mobility of the
electron carriers can be enhanced by the first electron
transmission layer, and thus more electron carriers can
transit from cathode to the organic light-emitting layer. In
addition, when a negative bias is applied to the cathode, the
electron carriers overcome the potential barrier and transit
toward a lower energy level until they reach the organic
light-emitting layer. Therefore, it is conductive to the migra-
tion of electron carriers when the work function ¢1 of the
first dopant is smaller than the work function @4 of the
cathode. Further, since the lowest unoccupied molecular
orbital of the electron transmission matrix in the first elec-
tron transmission layer LUMO! and the lowest unoccupied
molecular orbital of the host material in the organic light-
emitting layer LUMOA4 satisfy: ILUMO1-LUMOA4I<1.7 eV,
the energy level difference between these two lowest unoc-
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cupied molecular orbitals is relatively small, thereby reduc-
ing the potential barrier of injecting electrons, and facilitat-
ing injecting more electron cartiers into the organic light-
emitting layer. When a positive bias is applied to the anode,
the hole carriers overcome a potential barrier and migrate
toward a higher energy level until they reach the organic
light-emitting layer. Therefore, it is conductive to the migra-
tion of hole carriers when the work function ¢2 of the
second dopant 1351 is greater than the work function @3 of
the anode. Further, since the highest occupied molecular
orbital of the hole injection matrix in the hole injection
transmission layer 135 HOMOS and the highest occupied
molecular orbital of the host material in the organic light-
emitting layer 131 HOMOA4 satisfy: IHOMOS-HOMOA4I<1
eV, the energy level difference between these two highest
occupied molecular orbitals is relatively small, thereby
reducing the potential barrier of injecting holes, and facili-
tating injecting more hole carriers into the organic light-
emitting layer. In summary, in the embodiments of the
present disclosure, the mobility of electrons and the mobility
of holes can be balanced, so as to achieve the recombination
of the electrons and holes in the organic light-emitting layer,
thereby avoiding the deviation of the recombination center
of the electrons and holes and improving the light-emitting
efficiency.

[0090] Finally, it should be noted that the above embodi-
ments are used to illustrate, but not to limit the technical
solutions of the present disclosure. Although the present
disclosure is illustrated in detail with reference to the above
embodiments, those skilled in the art can still modify the
technical solutions recorded in the above embodiments, or
equivalently replace part or all of the technical features.
However, any modification or replacement will not lead to
a derivation of the essence of the technical solutions from
the scope of the embodiments of the present disclosure.

What is claimed is:

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

an array substrate comprising a plurality of driving ele-
ments;

a plurality of organic light-emitting components corre-
sponding to the plurality of driving elements, wherein
each of the plurality of organic light-emitting compo-
nents comprises an anode, a cathode and an organic
functional layer disposed between the anode and the
cathode, wherein the organic functional layer com-
prises an organic light-emitting layer, a first electron
transmission layer disposed between the cathode and
the organic light-emitting layer, and a hole injection
layer disposed between the anode and the organic
light-emitting layer,

wherein the first electron transmission layer comprises an
electron transmission matrix and a first dopant, the first
dopant comprises an alkaline earth metal element or a
rare earth metal element, and the hole injection layer
comprises a hole injection matrix and a second dopant;

a lowest unoccupied molecular orbital of the electron
transmission matrix in the first electron transmission
layer LUMO1 and a lowest unoccupied molecular
orbital of a host material in the organic light-emitting
layer LUMOA4 satisfy: ILUMO1-LUMO4I<1.7 eV,

a highest occupied molecular orbital of a hole injection
matrix in the hole injection layer HOMOS and a highest
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occupied molecular orbital of the host material in the
organic light-emitting laver HOMO4 satisfy:
IHOMO5-HOMO4I<1 &V,

awork function ¢1 of the first dopant and a work function
@4 of the cathode satisfy: ¢l<q4,

the second dopant is an inorganic material, and a work
function @2 of the second dopant and a work function
@3 of the anode satisfy: ¢2>¢3; or the second dopant
is an organic material, and a lowest unoccupied
molecular orbital LUMO of the second dopant and the
work function ¢3 of the anode satisty ILUMO-¢31<0.8
eV.

2. The organic light-emitting display panel according to
claim 1, wherein the organic functional layer further com-
prises a second electron transmission layer disposed
between the first electron transmission layer and the organic
light-emitting layer, and the second electron transmission is
undoped by the first dopant, and

wherein a highest occupied molecular orbital of an elec-

tron transmission matrix in the second electron trans-
mission layer HOMO2 and the highest occupied
molecular orbital of the host material in the organic
light-emitting layer HOMO4 satisfy: [HOMO2-
HOMO4I<1 eV.

3. The organic light-emitting display panel according to
claim 2, wherein the organic functional layer further com-
prises a third electron transmission layer disposed between
the first electron transmission layer and the second electron
transmission layer.

4. The organic light-emitting display panel according to
claim 3, wherein the third electron transmission layer con-
tains the first dopant, and a doping concentration of the first
dopant in the third electron transmission layer is smaller
than a doping concentration of the first dopant in the first
electron transmission layer.

5. The organic light-emitting display panel according to
claim 4, wherein a concentration of the first dopant at a side
of the third electron transmission layer close to the first
electron transmission layer is greater than a concentration of
the first dopant at a side of the third electron transmission
layer away from the first electron transmission layer.

6. The organic light-emitting display panel according to
claim 5, wherein a material of an electron transmission
matrix in the third electron transmission layer is a same
material as a material of the electron transmission matrix in
the first electron transmission layer, or

wherein the material of the electron transmission matrix

in the third electron transmission layer is a same
material as a material of the electron transmission
matrix in the second electron transmission layer.

7. The organic light-emitting display panel according to
claim 2, wherein the organic functional layer further com-
prises a first hole transmission layer located between the
hole injection layer and the organic light-emitting layer, and

wherein a highest occupied molecular orbital of a hole

transmission matrix in the first hole transmission layer
HOMO6 and the highest occupied molecular orbital of

Dec. 5, 2019

the host material in the organic light-emitting layer
HOMO4 satisfy: IHOMO6-HOMO4|<0.8 eV.

8. The organic light-emitting display panel according to
claim 7, wherein the organic functional layer further com-
prises a second hole transmission layer located between the
hole injection layer and the first hole transmission layer.

9. The organic light-emitting display panel according to
claim 8, wherein the second hole transmission layer contains
the second dopant, and a doping concentration of the second
dopant in the second hole transmission layer is smaller than
a doping concentration of the second dopant in the hole
injection layer.

10. The organic light-emitting display panel according to
claim 8, wherein the second hole transmission layer contains
the second dopant, and

wherein a concentration of the second dopant at a side of

the second hole transmission layer close to the hole
injection layer is greater than a concentration of the
second dopant at a side of the second hole transmission
layer away from the hole injection layer.

11. The organic light-emitting display panel according to
claim 8, wherein a material of a hole transmission matrix in
the second hole transmission layer is a same material as a
material of the hole injection matrix in the hole injection
layer.

12. The organic light-emitting display panel according to
claim 7, wherein a hole mobility in the first hole transmis-
sion layer and an electron mobility in the second electron
transmission layer satisfy:

llog, o[Hm(HTL1)]-log,[Em(ETL2)] I<4.

13. The organic light-emitting display panel according to
claim 7, wherein a thickness d6 of the second hole trans-
mission layer and a thickness d2 of the second electron
transmission layer satisfy: d6>6d2.

14. The organic light-emitting display panel according to
claim 1, wherein the first dopant is doped in the first electron
transmission layer in a volume percentage of 0.5%-7%.

15. The organic light-emitting display panel according to
claim 1, wherein the first dopant comprises at least one of
Mg, Ga, Yb, Sm, Tm, Y, Gd or Lu.

16. The organic light-emitting display panel according to
claim 1, wherein the first dopant is an alkaline earth elemen-
tary metal or a rare earth elementary metal.

17. The organic light-emitting display panel according to
claim 1, wherein the first dopant is a metallic compound.

18. The organic light-emitting display panel according to
claim 1, wherein the second dopant is a P-type dopant
having a lowest occupied molecular orbital LUMO deeper
than 4.5 eV.

19. The organic light-emitting display panel according to
claim 18, wherein the second dopant is doped in the hole
injection layer in a volume percentage of 0.2% to 5%.

20. An organic light-emitting display device, comprising
the organic light-emitting display panel according to claim
1.
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