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(57) ABSTRACT

Provided are an organic light-emitting display panel and an
organic light-emitting display apparatus. The organic light-
emitting display panel includes an array base substrate
including a plurality of driving elements, and includes a
plurality of organic light-emitting devices. Fach of the
plurality of organic light-emitting devices is corresponding
to a respective one of the plurality of driving elements, and
the each of the plurality of organic light-emitting devices
includes an anode and a cathode, a cathode, an organic
luminous layer, an electron transport layer, and a transition
layer. The organic luminous layer is disposed between the
anode and the cathode, the electron transport layer is dis-
posed between the luminous layer and the cathode, and the
transition layer is disposed between the cathode and the
electron transport layer, and the transition layer includes an
organic material.
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ORGANIC LIGHT-EMITTING DISPLAY
PANEL AND ORGANIC LIGHT-EMITTING
DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Chinese patent
application No. 201810862737.2 filed on Aug. 1, 2018, the
disclosure of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to display technolo-
gies, and in particular relates to an organic light-emitting
display panel and an organic light-emitting display appara-
tus.

BACKGROUND

[0003] Organic light-emitting diode OLED display tech-
nology has the advantages of spontaneous light, wide view-
ing angle, almost infinite contrast, low power consumption
and high reaction speed and the like. The OLED display
technology is widely used in various display fields such as
mobile phone, digital camera, personal digital assistant
(PDA), laptop, car audio and television.

[0004] In related arts, the OLED includes a cathode, an
electron transport layer, a luminous layer, a hole transport
layer, an anode and a base substrate. When the OLED is in
operation, a bias voltage is applied between the anode and
the cathode, holes move from the hole transport layer to the
luminous layer, and electrons move from the electron trans-
port layer to the emitting material layer. On the luminous
layer, electrons and holes combine to produce excitons.
Excitons are unstable and release energy, the released energy
is transferred to the molecules of organic light-emitting
material in the luminous layer, causing the molecules of
organic light-emitting material to transmit from the ground
state to the excited state. The excited state is very unstable,
the excited molecules return to the ground state from the
excited state, and such radiative transition produces lumi-
nescence. In an OLED in related arts, when the cathode of
the OLED is formed by co-evaporation of magnesium and
silver, the thickness of the cathode is too thin, and the
cathode is easy to form in an island shape. When the cathode
of the OLED is formed by silver separately, it is easy to
gather and form defects, and when the thickness of the
cathode is greater than 20 nm (greater than 200 A), the light
transmittance deteriorates, leading to lower OLED luminous
efficiency.

SUMMARY

[0005] The present disclosure provides an organic light-
emitting display panel and an organic light-emitting display
apparatus so as to improve the light extraction rate and
effectively improve the luminous efficiency.

[0006] In a first aspect, the present disclosure provides an
organic light-emitting display panel, and the organic light-
emitting display panel includes an array base substrate
including a plurality of driving elements, and includes a
plurality of organic light-emitting devices. Each of the
plurality of organic light-emitting devices is corresponding
to a respective one of the plurality of driving elements, and
the each of the plurality of organic light-emitting devices
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includes an anode, a cathode, an organic luminous layer, an
electron transport layer and a transition layer.

[0007] The organic luminous layer is disposed between
the anode and the cathode. The electron transport layer is
disposed between the luminous layer and the cathode. The
transition layer is disposed between the cathode and the
electron transport layer, and the transition layer includes
organic material.

[0008] A refractive index nl of the transition layer for
visible light with a wavelength of 500 nm and a refractive
index n2 of the electron transport layer for the visible light
with the wavelength of 500 nm satisfy that 0.05=n1-n2<0.4.
[0009] A lowest unoccupied orbital energy level LUMOI
of the transition layer and a work function ¢l of the cathode
satisfy that 0 eVsILUMOI1-¢l=|=2.6 V.

[0010] A lowest unoccupied orbital energy level LUMO2
of the electron transport layer and the lowest unoccupied
orbital energy level LUMOL1 of the transition layer satisfy
that 0.4 eV<[LUMO1-LUMO2I<1 eV.

[0011] In a second aspect, the present disclosure further
provides an organic light-emitting display apparatus, and the
organic light-emitting display apparatus includes any
organic light-emitting display panel provided in embodi-
ments of the present disclosure.

[0012] The organic light-emitting display panel provided
in embodiments of the present disclosure includes an array
base substrate including a plurality of driving elements, and
includes plurality of organic light-emitting devices. Each of
the plurality of organic light-emitting devices is correspond-
ing to a respective one of the plurality of driving elements,
and the each of the plurality of organic light-emitting
devices includes an anode, a cathode, an organic luminous
layer, an electron transport layer, and a transition layer. The
luminous layer is disposed between the anode and the
cathode. The electron transport layer is disposed between the
organic luminous layer and the cathode. The transition layer
is disposed between the cathode and the electron transport
layer, and the transition layer includes organic material. The
embodiments of the present disclosure provides an arrange-
ment that a refractive index nl of the transition layer for
visible light with the wavelength of 500 nm and a refractive
index n2 of the electron transport layer for the visible light
with the wavelength of 500 nm satisfy that 0.05<n1-n2<0.4,
that is the refractive index of the transition layer is greater
than the refractive index of the electron transport layer. Such
arrangement can avoid full reflection of light emitted by the
organic luminous layer when the light passes through the
interface between the electron transport layer and the tran-
sition layer, improving the extraction rate of light. The
embodiments of the present disclosure provide an arrange-
ment that a lowest unoccupied orbital energy level LUMO1
of the transition layer and a work function 1 of the cathode
satisfy that 0 eV<ILUMO1-¢1=2.6 eV, which can facilitate
migration of electron carriers. The embodiments of present
disclosure provided an arrangement that a lowest unoccu-
pied orbital energy level LUMO2 of the electron transport
layer and the lowest unoccupied orbital energy level
LUMOI of the transition layer satisfy that 0.4 eV=ILUMO1-
LUMO2I<1 eV, and a difference of lowest energy level
between the electron transport layer and the transition layer
is small, which can reduce electron injection potential bar-
rier and facilitate more electrons to be injected into the
organic luminous layer, so as to improve the light extraction
rate of organic light-emitting devices, effectively improve
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the luminous efficiency and improve the performance of the
organic light-emitting display panel.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a structure diagram of an organic light-
emitting display panel according to an embodiment of the
present disclosure.

[0014] FIG. 2 is a diagram showing light transport route
between an organic luminous layer and a cathode according
to an embodiment of the present disclosure.

[0015] FIG. 3 is a morphology micrograph of a cathode of
an organic light-emitting device according to an embodi-
ment of the present disclosure.

[0016] FIG. 4 is a morphology micrograph of a cathode of
an orgauic light-emitting device according to a comparison
embodiment of the present disclosure.

[0017] FIG. 5 is a comparison diagram showing light
transmittance of an organic light-emitting device according
to a comparison embodiment and an embodiment of the
present disclosure.

[0018] FIG. 6 is a structure diagram of an organic light-
emitting device according to an embodiment of the present
disclosure.

[0019] FIG. 7 is a comparison diagram showing a cathode
sheet resistance of an organic light-emitting device accord-
ing to a comparison embodiment and an embodiment of the
present disclosure.

[0020] FIG. 8 is a structure diagram of an organic light-
emitting device according to an embodiment of the present
disclosure.

[0021] FIG. 9 is a structure diagram of another organic
light-emitting device according to an embodiment of the
present disclosure.

[0022] FIG. 10 is a structure diagram of another organic
light-emitting device according to an embodiment of the
present disclosure.

[0023] FIG. 11 is structure diagram of a display apparatus
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0024] The present disclosure is further detailed below in
combination with the drawings and embodiments. It should
be understood that, the specific embodiments described
herein are merely used to explain the present disclosure
rather than limiting the present disclosure. In addition, it
should be stated that in order to facilitate the description,
merely a part of structure related to the present disclosure
rather than the whole structure are illustrated in the draw-
ings.

[0025] Terms used in embodiments of the present disclo-
sure are only for the purpose to describe a specific example,
rather than to limit the present disclosure. It should be noted
that locative words in embodiments of the present disclosure
such as “up” and “down”, “left” and “right” and other words
are described from the view of drawings, rather than to limit
the present disclosure. In context, it also needs to understand
that when it comes to a component that is formed “above”
or “below” another element, it can not only form directly
“above” or “below” another element, but also form indi-
rectly “above” or “below” another element through an
intermediate component. The terms “first”, “second”, and
the like are only used to describe, and does not mean any
sequence, quantity or importance, only to distinguish dif-
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ferent components. For those skilled in the art, the specific
meaning of the above mentioned terms in the present
disclosure can be understood in specific cases.

[0026] FIG. 1 is a structure diagram of an organic light-
emitting display panel according to an embodiment of the
present disclosure. As shown in FIG. 1, the organic light-
emitting display panel includes an array base substrate 10,
and the array base substrate 10 includes a plurality of driving
elements (not shown in drawings). The organic light-emit-
ting display panel further includes a plurality of organic
light-emitting devices 20, each light-emitting device 20 is
corresponding to a respective one of the plurality of driving
elements, and the each light-emitting device 20 includes an
anode 21, a cathode 25, an organic luminous layer 22, an
electron transport layer 23, and a transition layer 24. The
organic luminous layer 22 is disposed between the anode 21
and the cathode 25. The electron transport layer 23 is
disposed between the organic luminous layer 22 and the
cathode 25. The transition layer 24 is disposed between the
cathode 25 and the electron transport layer 23, and the
transition layer 24 includes an organic material. A refractive
index nl of the transition layer 24 for the visible light with
a wavelength of 500 nm and a refractive index n2 of the
electron transport layer 23 for the visible light with the
wavelength of 500 nm satisfy that 0.052n1-n2<0.4. A
lowest unoccupied orbital energy level LUMO1 of the
transition layer 24 and a work function @1 of the cathode 25
satisfy that 0 eVsILUMO1-¢1=2.6 Ev. A lowest unoccupied
orbital energy level LUMO?2 of the electron transport layer
23 and the lowest unoccupied orbital energy level LUMOLI
of the transition layer 24 satisfy that 0.4 eV<ILUMO1-
LUMO2I<1 eV.

[0027] It is to be understood that the array base substrate
10 may be a flexible base substrate, and the organic light-
emitting display panel may be a flexible organic light-
emitting display panel, which has low power consumption
and flexible performance. The flexible organic light-emitting
display panel is suitable for various display apparatuses,
especially for wearable display apparatuses. In one or more
embodiments, the flexible substrate is made of polyesterim-
ide or polyethylene terephthalate resin. In addition, the array
base substrate 10 may be a rigid substrate, and the organic
light-emitting display panel is a rigid organic light-emitting
display panel. The present disclosure does not specify the
material of the organic light-emitting display panel.

[0028] In the organic light-emitting display panel pro-
vided in the present disclosure, the anode 21 of the each of
the plurality of organic light-emitting devices 20 is in
contact with a side surface of the array substrate 10. The
organic luminous layer 22, the electron transport layer 23,
the transition layer 24 and the cathode 25 are stacked
successively on the anode 21. In the light-emitting process
of the plurality of organic light-emitting devices 20, the
driving element applies positive voltage to the anode 21. The
material of the anode 21 may be indium tin oxide (ITO). In
one or more embodiments, the anode 21 includes a reflective
film, and the reflective film may be disposed on a side
surface of the anode 21 facing away from the array base
substrate 10, and a material of the reflective film may be Ag.
The anode 21 may further includes a transparent conductive
film on a side surface of the reflective film facing away from
the array base substrate 10, and a material of the transparent
conductive film may be ITO or indium zinc oxide (I70).
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[0029] In the light-emitting process of the plurality of
organic light-emitting devices 20, the driving element
applies a negative voltage to the cathode 25. In order to
improve the injection capacity of electron carriers, the
cathode 25 may be formed by using a metal material with a
low work function, such as Ag, Al, Ca, In, Li, Mg and the
like, or composite metal materials with a low work function.
[0030] In related arts, in the manufacturing process of the
cathode 25 of the organic light-emitting devices 20, the
cathode 25 may form defects, affecting light transmittance
and resulting in deterioration of luminescence performance.
For example, when the cathode is formed by co-evaporation
of magnesium and silver the thickness of the cathode is too
thin, and easy to form in an island shape; and when the
cathode is formed by silver separately, it is easy to gather
and form defects, and when the thickness of the cathode is
greater than 20 nm (greater than 200 A), the light transmit-
tance deteriorates.

[0031] FIG. 2 is a diagram showing light transport route
between an organic luminous layer and a cathode according
to an embodiment of the present disclosure. As shown in
FIG. 2, light emitted by the organic luminous layer 22
arrives at the transition layer 24 through the electron trans-
port layer 23. As the refractive index nl of the transition
layer 24 is greater than the refractive index n2 of the electron
transport layer 23, according to Snell’s Law (law of refrac-
tion): nl/n2=sin 02/sin 01, it is obtained that 61<62, and
light at the interface between the electron transport layer 23
and the transition layer 24 is extracted on the light outgoing
side, increasing the light extraction rate. In one or more
exemplary embodiments, the refractive index n2 of the
electron transport layer 23 is arranged to be greater than the
refractive index n3 of the organic luminous layer 22, accord-
ing to the law of refraction, it is obtained that in FIG. 2
02<03, and light at the interface between the organic lumi-
nous layer 22 and the electron transport layer 23 is extracted
again on the light outgoing side, increasing the light extrac-
tion rate. In this embodiment, the refractive index nl of the
transition layer 24 for the visible light with the wavelength
of 500 nm satisfies that 1.8<n1<2.2. An optical absorption
coefficient A of the transition layer 24 for the visible light
with a wavelength of 500 nm satisfies that A<0.5%. Through
an arrangement that the optical absorption coeflicient A of
the transition layer 24 for the visible light with the wave-
length of 500 nm satisfies that A<0.5%, it can guarantee that
the organic light-emitting device 20 has sufficient light
emission efficiency.

[0032] In this embodiment, the lowest unoccupied orbital
energy level LUMOL1 of the transition layer 24 and a work
function @1 of the cathode 25 satisfy that 0 eV<ILUMO1-
¢11s2.6 eV. The lowest unoccupied orbital energy level
LUMO?2 of the electron transport layer 23 and the lowest
unoccupied orbital energy level LUMO1 of the transition
layer 24 satisfy that 04 eV<ILUMOI-LUMO2I<1 eV.
Through energy level matching between the lowest unoc-
cupied orbital energy levels of the electron transport layer 23
and the lowest unoccupied energy level of the transition
layer 24 and the work function of the cathode 25, it is
conducive to the migration of electron carriers, reducing the
injection potential barrier of electrons, and facilitating the
injection of more electrons to the organic luminous layer 22.
[0033] It is to be understood that electrons carry with
negative electricity and the migration of electrons is from a
low energy level to a high energy level. It is more conducive
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to the migration of electron and to improve the performance
of organic light-emitting devices by setting 0
eV=ILUMOlI-lgll<2.6 eV, 04 eV<ILUMOII-
ILUMO2<1 eV.

[0034] The organic light-emitting display panel provided
in the present disclosure, through the arrangement that the
refractive index of the transition layer is greater than the
refractive index of the electron transport layer, can avoid the
total reflection of light emitted by the organic light-emitting
layer when the light passes through the interface between the
electron transport layer and the transition layer. The organic
light-emitting display panel provided in the present disclo-
sure, through further arranging the relationship of the work
function of the cathode, the lowest unoccupied orbital
energy level of the transition layer and the lowest unoccu-
pied orbital energy level of the electron transport layer, can
reduce the electronic injection barrier, facilitate more elec-
tronics to be injected to the organic luminous layer, so as to
increase the light extraction rate of organic light-emitting
devices, effectively improve the luminous efficiency and
improve the performance of organic light-emitting display
panel.

[0035] In one or more embodiments, the lowest unoccu-
pied orbital energy level LUMOL1 of the transition layer and
the work function ¢l of the cathode satisfy that 1.0
eVsILUMOI-¢11<2.0 eV. The lowest unoccupied orbital
energy level LUMO2 of the electron transport layer and the
lowest unoccupied orbital energy level LUMO1 of the
transition layer satisfy that 0.5 eV<ILUMO1-LUMO?2|<0.7
ev.

[0036] Applicants have found that, through an arrange-
ment where the lowest unoccupied orbital energy level
LUMOL of the transition layer and the work function ¢1 of
the cathode satisfy that 1.0 eVsILUMO1-¢11<2.0 eV and
the lowest unoccupied orbital energy level LUMO?2 of the
electron transport layer and the lowest unoccupied orbital
energy level LUMOI of the transition layer satisfy that 0.5
eVsILUMOI-LUMO2I=0.7 eV, the efficiency of electron
injection and the performance of organic light-emitting
device can be further improved.

[0037] In one or more embodiments, a highest occupied
orbital energy level HOMOLI of the transition layer satisfies
that 5.8 eV=|[HOMOI1|=6.4 eV. The lowest unoccupied
orbital energy level LUMOL1 of the transition layer satisfies
that 2.2 eV<|LUMO1/<2.8 eV.

[0038] Taking an arrangement where the highest occupied
orbital energy level HOMO1 of the transition layer satisfies
that 5.8 eV<IHOMOL1|<6.4 eV and the lowest unoccupied
orbital energy level LUMOI1 of the transition layer satisfies
that 2.2 eV<ILUMOL11<2.8 eV, it is able to match reasonable
energy level differences among the transition layer, the
cathode and electron transport layer, and electron injection
efficiency is improved.

[0039] Further referring to FIG. 1, in one or more embodi-
ments, the transition layer 24 is disposed adjacent to the
cathode 25, and the transition layer 24 is configured to
improve morphology of a surface of the cathode 25 adjacent
to the transition layer 24. In one or more embodiments, a
roughness of the surface of the cathode 25 adjacent to the
transition layer 24 is less than the roughness of a surface of
the cathode 25 facing away from the transition layer 24.
[0040] 1t is to be understood that the transition layer 24
may shorten a dispersion length of the interface between the
cathode 25 metal and the transition layer 24, improve the
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morphology and uniformity of the surface of the cathode 25,
reduce the optical waveguide effect and the contribution of
the plasma on the surface of the cathode 25, so as to increase
light transmittance performance of the cathode 25.

[0041] An image of the morphology of the surface of the
cathode may be obtained by microscopic imaging the cath-
ode by a scanning electron microscope. FIG. 3 is a mor-
phology micrograph of a cathode of an organic light-emit-
ting device according to an embodiment of the present
disclosure, FIG. 4 is a morphology micrograph of a cathode
of an organic light-emitting device according to a compari-
son embodiment of the present disclosure, and the organic
light-emitting device in the comparison embodiment does
not include the transition layer. With a comparison of FIG.
3 and FIG. 4, the transition layer can improve the morphol-
ogy of the surface of the cathode. FIG. 5 is a comparison
diagram showing light transmittance of an organic light-
emitting device according to a coniparison embodiment and
an embodiment of the present disclosure, the solid line is a
light transmittance curve of the cathode of the organic
light-emitting device provided in this embodiment, and the
dash line is a light transmittance curve of the cathode of the
organic light-emitting device provided in the comparison
embodiment. As shown in FIG. 5, the transition layer helps
to increase light transmittance performance of the cathode
and improve the performance of organic light-emitting
device.

[0042] In one or more embodiment, the transition layer
includes at least one of: a quinoline group, an oxazole group
and a dinitrogen anthracene group.

[0043] The transition layer may be an organic compound
including the quinoline group, the oxazole group or the
dinitrogen anthracene group, the transition layer may be an
organic matter, or a mixture of multiple organic matters, this
embodiment does not intent to limit the transition layer. The
organic compound including the quinoline group, the
oxazole group or the dinitrogen anthracene group has a
strong affinity with the metal forming the cathode, which can
effectively shorten the dispersion length in a film forming
process of the cathode metal, increase the light transmittance
performance of the cathode and improve the performance of
organic light-emitting device.

[0044] In one or more embodiment, a thickness d of the
transition layer satisfies that d<30 nm.

[0045] It is to be understood that if the transition layer is
too thick, it may influence the performance of device. If the
thickness of the transition layer is set to be less than or equal
to 30 nm, good luminous performance can be obtained.
Under the condition that the cathode has the same light
transmittance, the thickness of the cathode may be increased
from 10 nm~14 nm to 14 nm~19 nm, effectively reducing
the cathode resistance and power consumption.

[0046] FIG. 6 is a structure diagram of an organic light-
emitting device according to an embodiment of the present
disclosure. As shown in FIG. 6, in one or more embodi-
ments, the transition layer 24 includes a first dopant 241, and
a work function @2 of the first dopant 241 is less than the
work function ¢l of the cathode 25. In one or more
embodiments, the first dopant 241 includes an alkaline earth
metal element or a rare earth metal element.

[0047] It is to be understood that after doping elementary
substances of some rare earth metals or alkaline earth
metals, or compounds of some rare earth metals or alkaline
earth metals, into the transition layer 24, the interface
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resistance between the cathode 25 and the transition layer 24
may be reduced, so as to improve the ability of the cathode
25 to inject the electrons to the transition layer 24, and
improve the response speed and luminescence efficiency of
the organic light-emitting device. In this embodiment, the
work function ¢2 of the first dopant 241 is less than the work
function 1 of the cathode 25. This arrangement may further
improve the ability of the cathode 25 to inject the electrons
to the transition layer 24. Exemplarily, the first dopant 241
may be at least one of: Mg, Ga, Yb, Sm, Y, Tm, Gd and Lu.
[0048] FIG. 7 is a comparison diagram showing a cathode
sheet resistance of an organic light-emitting device accord-
ing to an embodiment and a comparison embodiment of the
present disclosure. The solid line is a cathode sheet resis-
tance curve at different point of the organic light-emitting
device in this embodiment, and the dash line is a cathode
sheet resistance curve at different point of the organic
light-emitting device in the comparison embodiment. As
shown in FIG. 7, the organic light-emitting device provided
in this embodiment can significantly reduce the cathode
sheet resistance and improve the performance of the organic
light-emitting device.

[0049] FIG. 8 is a structure diagram of an organic light-
emitting device according to an embodiment of the present
disclosure. As shown in FIG. 8, in one or more exemplary
embodiments, the electron transport layer 23 includes a
second dopant 231, and a work function ¢3 of the second
dopant 231 is less than or equal to the work function ¢2 of
the first dopant 241. In one or more exemplary embodi-
ments, the second dopant 231 includes an alkaline earth
metal element or a rare earth metal element.

[0050] Exemplarily, the second dopant 231 may be at least
one of: Mg, Ga, Yb, Sm, Y, Tm, Gd and Lu, and the second
dopant 231 may improve the electron transport capacity of
the electron transport layer 23 and the performance of the
organic light-emitting device.

[0051] Itisunderstandable that the first dopant 241 and the
second dopant 231 may use the same element or different
elements. When the first dopant 241 and the second dopant
231 use the same element, the same process may be used in
implementation, which is conducive to reduce cost.

[0052] FIG. 9 is a structure diagram of another organic
light-emitting device according to an embodiment of the
present disclosure. As shown in FIG. 9, in one or more
exemplary embodiments, an electron injection layer 26 is
further disposed between the cathode 25 and the electron
transport layer 23. In one or more exemplary embodiments,
the electron injection layer 26 is disposed between the
electron transport layer 23 and the transition layer 24, and a
lowest unoccupied orbital energy level LUMO3 of the
electron injection layer 26, the lowest unoccupied orbital
energy level LUMOLI of the transition layer 24 and the
lowest unoccupied orbital energy level LUMO2 of the
electron transport layer 23 satisfy that
ILUMO2|=<ILUMO3I<ILUMOLI.

[0053] Through disposing the electron injection layer 26
and setting an energy level of the electron injection layer 26,
the electron injection efficiency of the device and lumines-
cence performance of the device are further improved.
[0054] FIG. 10 is a structure diagram of another organic
light-emitting device according to an embodiment of the
present disclosure. As shown in FIG. 10, in one or more
exemplary embodiments, the electron injection layer 26 is
disposed between the transition layer 24 and the cathode 25,
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and the electron injection layer 26 includes at least one of:
a rare earth metal and an alkaline earth metal.

[0055] Exemplarily, the electron injection layer 26 may be
formed by using elements such as Yb and Sm to form a thin
layer, which is disposed between the cathode 25 and the
transition layer 24 to improve the electronic injection effi-
ciency of the device.

[0056] FIG. 11 is a structure diagram of an organic light-
emitting display device according to an embodiment of the
present disclosure. As shown in FIG. 11, the organic light-
emitting display apparatus 1 includes any organic light-
emitting display panel 2 provided in embodiments of the
present disclosure. The organic light-emitting display appa-
ratus 1 may be a mobile phone, a computer, a smart wearable
device, and the like.

[0057] The organic light-emitting display apparatus pro-
vided in embodiments of the present disclosure, including
the organic light-emitting display panel described above,
realizes all the beneficial effects of the organic light-emitting
display panel described above. That is, the embodiments of
present disclosure provides an arrangement where an refrac-
tive index nl of the transition layer of the organic light-
emitting device for the visible light with the wavelength of
500 nm and a refractive index n2 of the electron transport
layer of the organic light-emitting device for the visible light
with the wavelength of 500 nm satisfy that 0.05<n1-n2<0.4,
namely, the refractive index of the transition layer is greater
than the refractive index of the electron transport layer. Such
arrangement can avoid full reflection of light emitted by the
organic luminous layer when the light passes through the
interface between the electron transport layer and the tran-
sition layer, improving the extraction rate of light. The
embodiments of the present disclosure provide an arrange-
ment where a lowest unoccupied orbital energy level
LUMOLI of the transition layer and a work function ¢1 of the
cathode satisfy that 0 eV<ILUMO1-¢11<2.6 eV, which can
facilitate migration of electron carriers. The embodiments of
the present disclosure provide an arrangement where a
lowest unoccupied orbital energy level LUMO2 of the
electron transport layer and the lowest unoccupied orbital
energy level LUMOI of the transition layer satisfy that 0.4
eVzILUMO1-LUMO2|<eV, and a difference of lowest
energy level between the electron transport layer and the
transition layer is small, which can reduce electron injection
potential barrier and facilitate more electrons to be injected
into the organic luminous layer, so as to improve the light
extraction rate of organic light-emitting devices, effectively
improve the luminous efficiency and improve the perfor-
mance of the organic light-emitting display panel.

[0058] It should be noted that the above contents are only
optional embodiments of the present disclosure and its
technical principles. It can be understood for those skilled in
the art that the present disclosure is not limited to specific
embodiments described herein. For those skilled in the art,
the present disclosure can be subject to various apparent
variations, readjustments and replacements without depart-
ing from a protection scope of the present disclosure.
Therefore, although the present disclosure is described in
detail through above embodiments, the present disclosure is
not only limited to above embodiments. The present disclo-
sure can also include more other equivalent embodiments
without deviating from conceptions of the present disclo-
sure. A scope of the present disclosure is determined by a
scope of attached claims.
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What is claimed is:

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

an array base substrate, wherein the array base substrate
comprises a plurality of driving elements; and

a plurality of organic light-emitting devices, wherein each
of the plurality of organic light-emitting devices is
corresponding to a respective one of the plurality of
driving elements, the each of the plurality of organic
light-emitting devices comprises an anode, a cathode,
an organic luminous layer, an electron transport layer,
and a transition layer, wherein,

the organic luminous layer is disposed between the anode
and the cathode;

the electron transport layer is disposed between the emit-
ting material layer and the cathode;

the transition layer is disposed between the cathode and
the electron transport layer, and the transition layer
comprises an organic material;

an refractive index nl of the transition layer for visible
light with a wavelength of 500 nm and an refractive
index n2 of the electron transport layer for the visible
light with a wavelength of 500 nm satisfy that
0.052n1-n2<0.4;

a lowest unoccupied orbital energy level LUMO1 of the
transition layer and a work function ¢1 of the cathode
satisfy that 0 eV<ILUMO1-¢11<2.6 eV; and

a lowest unoccupied orbital energy level LUMO2 of the
electron transport layer and the lowest unoccupied
orbital energy level LUMOI1 of the transition layer
satisfy that 0.4 eV=ILUMOI-LUMO2I=1 eV.

2. The organic light-emitting display panel according to
claim 1, wherein the transition layer is disposed adjacent to
the cathode, and the transition layer is configured to improve
morphology of a surface of the cathode adjacent to the
transition layer.

3. The organic light-emitting display panel according to
claim 2, wherein a roughness of the surface of the cathode
adjacent to the transition layer is less than a roughness of a
surface of the cathode facing away from the transition layer.

4. The organic light-emitting display panel according to
claim 1, wherein the lowest unoccupied orbital energy level
LUMOLI of the transition layer and the work function @1 of
the cathode satisfy that 1.0 eV=ILUMO1-¢1/=2.0 eV; and

the lowest unoccupied orbital energy level LUMO2 of the
electron transport layer and the lowest unoccupied
orbital energy level LUMOI of the transition layer
satisfy that 0.5 eV=ILUMOI1-LUMO2I=<0.7 eV.

5. The organic light-emitting display panel according to
claim 1, wherein the transition layer comprises at least one
of: a quinoline group, an oxazole group and a dinitrogen
anthracene group.

6. The organic light-emitting display panel according to
claim 1, wherein the refractive index nl of the transition
layer for the visible light with the wavelength of 500 nm
satisfies that 1.8<n1<2.2.

7. The organic light-emitting display panel according to
claim 1, wherein an optical absorption coeflicient A of the
transition layer for the visible light with the wavelength of
500 nm satisfies that A<0.5%.

8. The organic light-emitting display panel according to
claim 1, wherein a highest occupied orbital energy level
HOMOI1 of the transition layer satisfies that 5.8
eV=I/HOMO1s6.4 eV, and
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the lowest unoccupied orbital energy level LUMOI1 of the

transition layer satisfies that 2.2 eV=ILUMO11<2.8 eV.

9. The organic light-emitting display panel according to
claim 1, wherein a thickness d of the transition layer satisfies
that d<30 nm.

10. The organic light-emitting display panel according to
claim 1, wherein the transition layer comprises a first
dopant, and a work function 2 of the first dopant is less than
the work function ¢l of the cathode.

11. The organic light-emitting display panel according to
claim 10, wherein the first dopant comprises an alkaline
earth metal element or a rare earth metal element.

12. The organic light-emitting display panel according to
claim 10, wherein the electron transport layer comprises a
second dopant, and a work function 3 of the second dopant
is less than or equal to the work function @2 of the first
dopant.

13. The organic light-emitting display panel according to
claim 12, wherein the second dopant comprises an alkaline
earth metal element or a rare earth metal element.

14. The organic light-emitting display panel according to
claim 1, further comprising an electron injection layer
disposed between the cathode and the electron transport
layer.

15. The organic light-emitting display panel according to
claim 14, wherein the electron injection layer is disposed
between the electron transport layer and the transition layer,
and a lowest unoccupied orbital energy level LUMO3 of the
electron injection layer, the lowest unoccupied orbital
energy level LUMOI of the transition layer and the lowest
unoccupied orbital energy level LUMO2 of the electron
transport layer satisfy that ILUMO2|<ILUMO3|<ILUMOL1I.

16. The organic light-emitting display panel according to
claim 14, wherein the electron injection layer is disposed
between the transition layer and the cathode, and the elec-
tron injection layer comprises at least one of: a rare earth
metal and an alkaline earth metal.

17. An organic light-emitting display apparatus, compris-
ing a display panel, wherein the display panel comprises:

an array base substrate, wherein the array base substrate

comprises a plurality of driving elements; and

a plurality of organic light-emitting devices, wherein each

of the plurality of organic light-emitting devices is
corresponding to a respective one of the plurality of
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driving elements, the each of the plurality of organic
light-emitting devices comprises an anode, a cathode,
an organic luminous layer, an electron transport layer,
and a transition layer, wherein,

the organic luminous layer is disposed between the anode
and the cathode;

the electron transport layer is disposed between the
organic luminous layer and the cathode;

the transition layer is disposed between the cathode and
the electron transport layer, and the transition layer
comprises an organic material;

an refractive index nl of the transition layer for visible
light with a wavelength of 500 nm and an refractive
index n2 of the electron transport layer for the visible
light with a wavelength of 500 nm satisfy that
0.05=n1-n2<0.4;

a lowest unoccupied orbital energy level LUMO1 of the
transition layer and a work function ¢1 of the cathode
satisfy that 0 eV=ILUMO1-¢11<2.6 eV; and

a lowest unoccupied orbital energy level LUMO2 of the
electron transport layer and the lowest unoccupied
orbital energy level LUMOI of the transition layer
satisfy that 0.4 eV=ILUMOI-LUMO2Is1 eV.

18. The organic light-emitting display apparatus accord-
ing to claim 17, wherein the transition layer is disposed
adjacent to the cathode, and the transition layer is configured
to improve morphology of a surface of the cathode adjacent
to the transition layer.

19. The organic light-emitting display apparatus accord-
ing to claim 18, wherein a roughness of the surface of the
cathode adjacent to the transition layer is less than a rough-
ness of a surface of the cathode facing away from the
transition layer.

20. The organic light-emitting display apparatus accord-
ing to claim 17, wherein the lowest unoccupied orbital
energy level LUMOI1 of the transition layer and the work
function ¢l of the cathode satisfy that 1.0 eV<ILUMO1-
@l1=2.0 eV; and

the lowest unoccupied orbital energy level LUMO2 of the
electron transport layer and the lowest unoccupied
orbital energy level LUMOI of the transition layer
satisfy that 0.5 eVsILUMO1-LUMO2I=<0.7 eV.
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