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(7) ABSTRACT

The disclosure provides an organic light-emitting device, a
fabrication method thereof, and a display device. The organic
light-emitting device comprises an anode layer, a cathode
layer, and an organic function layer disposed between the
anode layer and the cathode layer. The organic function layer
comprises a light-emitting layer. The light-emitting layer
comprises a first sub light-emitting layer and a second sub
light-emitting layer disposed adjacent to each other, the first
sub light-emitting layer is provided on an anode layer side and
the second sub light-emitting layer is provided on a cathode
layer side. The first sub light-emitting layer and the second
sub light-emitting layer have a substantially same energy
band difference, and one of the first sub light-emitting layer
and the second sub light-emitting layer is capable of absorb-
ing light emitted by the other of the first sub light-emitting
layer and the second sub light-emitting layer to achieve
stimulated emission.
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ORGANIC LIGHT-EMITTING DEVICE AND
FABRICATION METHOD FOR THE SAME,
AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] Embodiments of the disclosure relate to an organic
light-emitting device and a fabrication method for the same,
and a display device.

BACKGROUND

[0002] An Organic Light-Emitting Device (OLED) is a
light-emitting device taking an organic solid-state semicon-
ductor as alight emitting material, and it has a broad prospect
for application due to advantages such as simple fabrication
process, low cost, low power consumption, high brightness,
and wide range of operating temperature.

[0003] The OLED typically comprises an anode layer, a
cathode layer and a light-emitting layer disposed between the
anode layer and the cathode layer. A light-emitting mecha-
nism of the OLED is as follows: when a voltage is applied
between the anode layer and the cathode layer, holes injected
from the anode layer side overcome an interface potential
barrier and are transmitted to the light-emitting layer, elec-
trons injected from the cathode layer side overcome an inter-
face potential barrier and are transmitted to the light-emitting
layer, the holes and the electrons arriving at the light-emitting
layer recombine in the light-emitting layer to form excitons,
and the excitons jumps to a lower energy state to emit light,
which is called electroluminescence. In this process, if an
excited-state electron spin pairs up with a ground-state elec-
tron, the exciton is a singlet and light emitted thereby is
so-called fluorescence; if the excited-state electron spin and
the ground-state electron are unpaired and parallel, the exci-
tonis a triplet and light emitted thereby is so-called phospho-
rescernce.

SUMMARY

[0004] At least one embodiment of the disclosure provides
an organic light-emitting device. The organic light-emitting
device comprises an anode layer, a cathode layer, and an
organic function layer disposed between the anode layer and
the cathode layer. The organic function layer comprises a
light-emitting layer. The light-emitting layer comprises a first
sub light-emitting layer and a second sub light-emitting layer
disposed adjacent to each other, the first sub light-emitting
layer is provided on an anode layer side and the second sub
light-emitting layer is provided on a cathode layer side. The
first sub light-emitting layer and the second sub light-emitting
layer have a substantially same energy band difference, and
one of the first sub light-emitting layer and the second sub
light-emitting layer is capable of absorbing light emitted by
the other of the first sub light-emitting layer and the second
sub light-emitting layer to achieve stimulated emission.
[0005] Another embodiment of the disclosure provides a
display device. The display device comprises the above-de-
scribed organic light-emitting device.

[0006] Still another embodiment of the disclosure provides
a fabrication method for an organic light-emitting device. The
fabrication method for an organic light-emitting device com-
prises respectively forming an anode, a light-emitting layer
and a cathode. The forming the light-emitting layer com-
prises: forming a first sub light-emitting layer, the first sub
light-emitting layer being disposed on an anode side; forming
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a second sub light-emitting layer adjacent to the first sub
light-emitting layer, the second sub light-emitting layer being
disposed on a cathode side. The first sub light-emitting layer
and the second sub light-emitting layer have a substantially
same energy band difference, and one of the first sub light-
emitting layer and the second sub light-emitting layer is
capable of absorbing light emitted by the other of the first sub
light-emitting layer and the second sub light-emitting layer to
achieve stimulated emission.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Inorderto clearly illustrate the technical solution of
the embodiments of the disclosure, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the described drawings are only related to some
embodiments of the disclosure and thus are not limitative of
the disclosure.

[0008] FIG. 1 illustrates a structure of an OLED,;

[0009] FIG. 2 illustrates an energy level of the OLED illus-
trated in F1G. 1,

[0010] FIG. 3 illustrates a structure of an OLED according

to an embodiment of the disclosure;

[0011] FIG. 4 illustrates an energy level of the OLED illus-
trated in F1G. 3; and

[0012] FIG. 5illustrates a structure of an OLED according
to another embodiment of the disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0013] In order to make objects, technical details and
advantages of the embodiments of the disclosure apparent,
the technical solutions of the embodiment will be described in
aclearly and fully understandable way in connection with the
drawings related to the embodiments of the disclosure. It is
obvious that the described embodiments are just a part but not
all of the embodiments of the disclosure. Based on the
described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any inventive work,
which should be within the scope of the disclosure.

[0014] Unless otherwise defined, all the technical and sci-
entific terms used herein have the same meanings as com-
monly understood by one of ordinary skill in the art to which
the disclosure belongs. The terms “first,” “second,” etc.,
which are used in the description and the claims of the dis-
closure, are not intended to indicate any sequence, amount or
importance, but distinguish various components. Also, the
terms such as “a,” “an,” etc., are not intended to limit the
amount, but indicate the existence of at least one. Wordings of
“connecting” or “connected” and the like are not limited to
physical or mechanical connections, but may comprise elec-
trical connection, either direct or indirect.

[0015] In the present disclosure, a HOMO and a LUMO
refer to a Highest Occupied Molecular Orbital and a Lowest
Unoccupied Molecular Orbital, respectively. According to a
frontier orbital theory, both of the HOMO and the LUMO are
collectively referred to as a frontier orbital. The HOMO in an
organic semiconductor is similar to a valence band in an
inorganic semiconductor, and the LUMO in the organic semi-
conductor is similar to a conduction band in the inorganic
semiconductor. An energy difference between the HOMO
and the LUMO is referred to as “an energy band difference”,
and the energy band difference is equal to “HOMO-LUMO?”,
which can be used to determine whether an organic molecule
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is easily excited. The smaller the energy band difference of
the organic molecule, the more easily the organic molecule is
excited.

[0016] FIG. 1 illustrates a structure of an OLED. The
OLED comprises a substrate 1, an anode layer 2, a cathode
layer 8 and an organic function layer disposed between the
anode layer 2 and the cathode layer 8. The organic function
layer comprises a hole injection layer (HIL) 3, a hole trans-
port layer (HTL) 4, a light-emitting layer (EML) 5, an elec-
tron transport layer (ETL) 6 and an electron injection layer
(EIL) 7 sequentially disposed on the anode layer 2. The hole
injection layer 3 is adjacent to the anode layer 2, and the
electron injection layer 7 is adjacent to the cathode layer 8. An
external direct-current power supply 11 is connected between
the anode layer 2 and the cathode layer 10; and the organic
light-emitting device emits light under the driven of the exter-
nal direct-current power supply 11.

[0017] FIG. 2illustrates an energy level of the OLED illus-
trated in FIG. 1. When a voltage is applied between the anode
layer 2 and the cathode layer 8, under the driven of the
external voltage, holes injected from the anode layer 2 over-
come an interface potential barrier to enter the HOMO energy
levels of the hole injection layer 3 and the hole transport layer
4 and arrive at the light-emitting layer 5, electrons injected
from the cathode layer 10 overcome an interface potential
barrier to enter the LUMO energy levels of the electron injec-
tion layer 7 and the electron transport layer 6 and arrive at the
light-emitting layer 5, the holes and the electrons arriving at
the light-emitting layer 5 recombine in a recombination
region to form excitons in an exited state. The excitons in such
excited state are unstable and render radiative transition, and
thus electroluminescence occurs. In the drawings, the anode
being indium tin oxide (ITO) is taken as an example.

[0018] Itis a problem in the current organic light emitting
field to make a full use of energy released by recombination of
electrons and holes and to improve utilization efficiency of
the carriers in the OLED so as to enhance luminescence
efficiency of the organic light-emitting device.

[0019] Meanwhile, the inventor has also noted that, in a
pixel unit of an active matrix OLED (AMOLED) display
device, among red, green and blue (RGB) sub-pixels achieved
by different luminescent materials, red and green luminescent
materials have high luminescence efficiency, whereas blue
luminescent material has low luminescence efficiency. Thus,
the blue luminescent material is needed to have a larger area
to achieve a balance of RGB, but in such case, the design of a
drive circuit is limited and the display device with a higher
resolution is difficult to be achieved.

[0020] One embodiment of the disclosure provides an
Organic Light-Emitting Device (OLED), comprising an
anode layer, a cathode layer, and an organic function layer
disposed between the anode layer and the cathode layer. The
organic function layer comprises a light-emitting layer; the
light-emitting layer comprises two sub light-emitting layers
disposed adjacent to each other, i.e., a first sub light-emitting
layer on an anode layer side and a second sub light-emitting
layer on a cathode layer side; the first sub light-emitting layer
and the second sub light-emitting layer have a substantially
same energy band difference, and one of the first sub light-
emitting layer and the second sub light-emitting layer is
capable of absorbing light emitted by the other sub light-
emitting layer to achieve stimulated emission. The “substan-
tially same” in the disclosure refers to that a difference
between absolute values of the energy band differences of the
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two sub light-emitting layers with respect to the smaller one
is less than 5%, preferably less than 3%. In one example,
energy band differences of the first sub light-emitting layer
and the second sub light-emitting layer are the same.

[0021] Inthe embodiment of the disclosure, the light-emit-
ting layer of the OLED comprises at least two sub light-
emitting layers and the at least two sub light-emitting layers
have a substantially same energy band difference, so that a
structure similar to quantum well is obtained. Thereby, in the
process that one layer of the at least two sub light-emitting
layers emits light due to recombination, the other layer of the
at least two sub light-emitting layers is capable of absorbing
energy of a portion of emitted light to autonomously imple-
ment stimulated emission and emit light with a corresponding
wavelength. For example, in the at least two sub light-emit-
ting layers, at least the first sub light-emitting layer uses the
energy of the light emitted from the previous layer as an
excitation source to achieve light emission.

[0022] For example, the first sub light-emitting layer is
made of a host luminescent material, and the second sub
light-emitting layer is made of a doped host luminescent
material; or the second sub light-emitting layer is made of the
host luminescent material, and the first sub light-emitting
layer is made of the doped host luminescent material.

[0023] For example, the first sub light-emitting layer is
made of the doped host luminescent material having a first
doping concentration, and the second sub light-emitting layer
is made of the doped host luminescent material having a
second doping concentration.

[0024] For example, a luminescence efficiency of the sec-
ond sub light-emitting layer is lower than a luminescence
efficiency of the first sub light-emitting layer.

[0025] Forexample, an emission wavelength of the first sub
light-emitting layer is substantially same as an emission
wavelength of the second sub light-emitting layer. Here, the
“substantially same” refers to that a difference between abso-
lute values of the emission wavelengths of the two sub light-
emitting layers with respect to the smaller one is less than 5%,
preferably less than 3%. In one example, emission wave-
lengths of the first sub light-emitting layer and the second sub
light-emitting layer are the same.

[0026] For example, a thickness ratio of the first sub light-
emitting layer to the second sub light-emitting layer is 1:3~3:
1

[0027] For example, the light-emitting layer further com-
prise a third sub light-emitting layer disposed adjacent to the
second sub light-emitting layer, the third sub light-emitting
layer is disposed on a side of the second sub light-emitting
layer facing the cathode, the third sub light-emitting layer and
the second sub light-emitting layer have a substantially same
energy band difference, and one of the second sub light-
emitting layer and the third sub light-emitting layer is capable
of absorbing light emitted by the other sub light-emitting
layer to achieve stimulated emission. For example, the first
sub light-emitting layer is made of the host luminescent mate-
rial, the second sub light-emitting layer and the third sub
light-emitting layer are made of the doped host luminescent
material, and a doping concentration of the second sub light-
emitting layer differs from a doping concentration ofthe third
sub light-emitting layer. Alternatively, the third sub light-
emitting layer is made of the host luminescent material, the
first sub light-emitting layer and the second sub light-emitting
layer are made of the doped host luminescent material, and a



US 2016/0118610 Al

doping concentration of the first sub light-emitting layer dif-
fers from a doping concentration of the second sub light-
emitting layer.

[0028] For example, the first sub light-emitting layer is
made of the doped host luminescent material having a first
doping concentration; the second sub light-emitting layer is
made ofthe doped host luminescent material having a second
doping concentration; and the third sub light-emitting layer is
made of the doped host luminescent material having a third
doping concentration.

[0029] FIG. 3 illustrates a structure of an OLED according
to an embodiment of the disclosure. The OLED comprises a
substrate 21, an anode layer 22, a cathode layer 28 and an
organic function layer disposed between the anode layer 22
and the cathode layer 28. In the embodiment, the organic
function layer comprises a hole injection layer (HIL) 23, a
hole transport layer (HTL) 24, a light-emitting layer (EML),
an electron transport layer (ETL) 26 and an electron injection
layer (EIL) 27 sequentially disposed on the anode layer 22.
The hole injection layer 23 is adjacent to the anode layer 22,
and the electron injection layer 27 is adjacent to the cathode
layer 28. An external direct-current power supply 211 is con-
nected between the anode layer 22 and the cathode layer 28;
and the organic light-emitting device emits light under the
driven of the external direct-current power supply 211.

[0030] The substrate 21 is configured as a support structure
of the electrode layer and the organic function layer, has a
certain capability of preventing permeation of water vapor
and oxygen, and has a better surface smoothness. For
example, the substrate 21 is a glass substrate, a quartz sub-
strate, a flexible substrate, or a TET array substrate. As for the
OLED of bottom reflection type, the substrate 21 should be
transparent. The flexible substrate may be made of a material
selected from polyesters and poly(phthalimide) compounds,
or the flexible substrate may be made of a thin metal.

[0031] Theanode layer 22 severs as a forward-voltage con-
nection layer of the OLED and has a good electrical conduc-
tivity, a visible-light transparency and a relatively high work-
function value. For example, the anode layer 22 is made of
inorganic metal oxide (e.g., indium tin oxide (ITO), zinc
oxide (Zn0), etc.), or organic conductive polymer (e.g.,
PEDOT: PSS, PANI, etc.) or a metal material having rela-
tively high work-function value (e.g., gold, copper, silver,
platinum, etc.).

[0032] The cathode layer 28 serves as a backward-voltage
connection layer of the OLED and has a good electrical
conductivity and a relatively low work-function value. For
example, the cathode layer 28 is made of a metal material
having relatively low work-function value, e.g., lithium, mag-
nesium, calcium, strontium, aluminum, indium, etc., or an
alloy of the above metal material having relatively low work-
function value with copper, gold and silver.

[0033] The hole injection layer 23 may be, for example,
made of triphenylamine compounds or a P-type doped
organic layer or polymers, e.g., tri-[4-(5-phenyl-2-thienyl)
phenyl]amine, 4,4'.4"-tris[2-naphthyl(phenyl)amino]triph-
enylamine(2-TNATA) or 4,4',4"-tris-(3-methylphenylpheny-
lamino)tri phenylamine(m-MTDATA), copper
phthalocyanine (CuPc), Pedot:Pss, TPD or FATCNQ.

[0034] The hole transport layer 24 may be, for example,
made of aromatic diamine compounds, triphenylamine com-
pounds, aromatic triamine compounds, benzidine deriva-
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tives, triarylamine polymers, and carbazole polymers, for
example, NPB, TPD, TCTA, and polyvinyl carbazole or the
monomer thereof.

[0035] Theelectron transport layer 26 may be, for example,
made of phenanthroline derivatives, oxazole derivatives, thia-
zole derivatives, imidazole derivatives, metal complexes, or
anthracene derivatives. Specific examples comprise: 8-hy-
droxyquinoline aluminum (Alg3), 8-hydroxyquinoline
lithium (Liq), 8-hydroxyquinoline gallium, bis[2-(2-hydrox-
yphenyl-1)-pyridine|beryllium, 2-(4-diphenyl)-5-(4-tert-bu-
tylphenyl)-1,3,4-oxadiazole (PBD), 1,3,5-tri(N-phenyl-2-
benzimidazole-2)benzene (TPBI), BCP, Bphen, etc.

[0036] Theelectron injection layer 27 may be, for example,
made of alkali metal oxides, alkali metal fluorides, etc. The
alkali metal oxides comprise lithium oxide (Li20), lithium
boron oxide (LiBO), potassium silicate (K2SiO3), cesium
carbonate (Cs2CO3), etc.; and the alkali metal fluorides com-
prise lithium fluoride (LiF), sodium fluoride (NaF), etc.

[0037] Inthe embodiment shown inFIG. 3, the anode layer
22 is formed on the substrate as a lower electrode, while the
cathode layer 28 is formed on the organic function layer as an
upper electrode. However, embodiments of the disclosure are
not limited thereto, the cathode layer may be formed on the
substrate as the lower electrode, while the anode layer may be
formed on the organic function layer as the upper electrode.
Further, anintermediate layer may further be formed between
the lower electrode and the substrate as required, and the
intermediate layer for example may be a buffer layer or a
reflective layer for the OLED of top emission type. The
OLED in the embodiments of the disclosure may be formed
as a top emission type, a bottom emission type or a double-
sided emission type as required.

[0038] The light-emitting layer in the embodiment shown
in FIG. 3 comprises two sub light-emitting layers: the firstsub
light-emitting layer 251 on the anode layer 22 side, the second
sub light-emitting layer 252 on the cathode layer 28 side. The
first sub light-emitting layer 251 and the second sub light-
emitting layer 252 have a substantially same energy band
difference (i.e., HOMO-LUMO), and light emitted by the
second sub light-emitting layer 252 is capable of being
absorbed by the first sub light-emitting layer 251 to achieve
stimulated emission. The first sub light-emitting layer 251
utilizes light emitted by the second sub light-emitting layer
252 as an excitation source to achieve light emission. Alter-
natively, light emitted by the first sub light-emitting layer 251
is capable of being absorbed by the second sub light-emitting
layer 252 to achieve stimulated emission.

[0039] FIG. 4 illustrates a structural schematic diagram of
an energy level of the OLED shown in FIG. 3. As shown in
FIG. 4, an energy band difference of the second sub light-
emitting layer 252 is substantially same as an energy band
difference of the first sub light-emitting layer 251; energy
levels of the second sub light-emitting layer 252 are lower
than energy levels of the first sub light-emitting layer 251
(that is, there is an energy level difference between the first
sub light-emitting layer 251 and the second sub light-emitting
layer 252), otherwise the carriers cannot be injected. The
HOMO and the LUMO of the second sub light-emitting layer
252 are respectively lower than the HOMO and the LUMO of
the first sub light-emitting layer 251, for example, lower by
0.5 ev or less, further for example, lower by 0.2~0.5 ev. When
the second sub light-emitting layer 252 emits light, the first
sub light-emitting layer 251 absorb energy of a portion of
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photons emitted by the second sub light-emitting layer 252 to
achieve an avalanche effect and achieve recombination emis-
sion.

[0040] For example, the light-emitting layer, depending on
the used luminescent materials, emit red light, green light,
blue light, vellow light, white light, etc., and the embodiments
of the disclosure do not limit the color of the light emitted by
the light-emitting layer. For example, the OLED according to
the embodiments of the disclosure emits blue light.

[0041] The organic luminescent material generally is clas-
sified into fluorescent material and phosphorescent material,
both of which may be doped. For example, the available
luminescent material generally is obtained by mixing a
dopant material in a host luminescent material. For example,
the host luminescent material may be metal complex materi-
als, anthracene derivatives, aromatic diamine compounds,
triphenylamine compounds, aromatic triamine compounds,
biphenyl diamine derivatives, or triarylamine polymers; more
specifically, for example, bis(2-methyl-8-hydroxyquinoline-
N1, 08)-(1,1'-biphenyl-4-hydroxy)aluminum (Balg), 9,10-
bis-(2-naphthyl)anthracene(ADN), TAZ, 4,4'-bis(9-carba-
zolyl)biphenyl (CBP), MCP,  4,4'4"-tris-9-carbazolyl
triphenylamine (TCTA) or N,N-bi(c-naphthyl-phenyl)-4,4-
benzidine (NPB), etc. The fluorescent luminescent material
or the dopant material, for example, comprises coumarin dyes
(coumarin 6, C-545T), quinacridone (DMQA), or 4-(dicya-
nomethylene)-2-methyl-6-(4-dimethylamino-styrene)4H-
pyran (DCM) series, etc. The phosphorescent material or the
dopant material, for example, comprises luminescent mate-
rials based on Ir, Pt, Ru, Cu and other metal complexes, e.g.,
Flrpic, Fir6, FirN4, Flrtaz, Ir(ppy)3, Ir(ppy)2(acac), PtOEP,
(btp)21racac, Ir(pigq)2(acac) or (MDQ)2lIracac, etc. Further,
the luminescent material may comprise two host luminescent
materials which are doped.

[0042] In one embodiment of the disclosure, for example,
the second sub light-emitting layer 252 is formed of an
undoped luminescent material and has a lower luminescence
efficiency; and the first sub light-emitting layer 251 is formed
of a doped luminescent material and has a higher lumines-
cence efficiency. For example, when the light-emitting layer
emits red light, the red luminescent material may be fluores-
cent material or phosphorescent material; in one example, the
luminescent material of the second sub light-emitting layer
252 is DCM, and the luminescent material of the first sub
light-emitting layer 251 is DCM doped with Alq (quinoline-
aluminum) and a doping concentration is 1 to 5% wt (e.g.,3%
wt). For example, the first sub light-emitting layer and the
second sub light-emitting layer have a thickness of 5~50 nm,
and more specifically, 10~30 nm.

[0043] For example, when the light-emitting layer emits
blue light, the blue luminescent materials may be fluorescent
material or phosphorescent material; in one example, the
luminescent material of the second sub light-emitting layer
252 is DPUBI (4.4'-bis(2,2'-diphenyl vinyl)-1,1'-biphenyl),
and the luminescent material of the first sub light-emitting
layer 251 is DPUBI doped with rubrene and a doping con-
centration is 1 to 5% wt (e.g., 3% wt).

[0044] In another embodiment of the disclosure, a doping
concentration of the first sub light-emitting layer 251 differs
from a doping concentration of the second sub light-emitting
layer 252, and the first sub light-emitting layer 251 has a
higher luminescence efficiency. For example, when the light-
emitting layer emits red light, the first sub light-emitting layer
and the second sub light-emitting layer are AND doped with
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2,6-bis[(4'-methoxy-biphenyl-amino)styrene-1,5-]dicy-
anonaphthalene (BSN), a doping concentration of the first sub
light-emitting layer is 30% wt, a doping concentration of the
second sub light-emitting layer is 20% wt, and the first sub
light-emitting layer and the second sub light-emitting layer
have a thickness of 5~50 nm. For example, when the light-
emitting layer emits blue light, the first sub light-emitting
layer and the second sub light-emitting layer are AND doped
with 4,4-bis[2-[4-(N,N-biphenyl amino)phenyl]-vinyl]bi-
phenyl (DPAVBI), a doping concentration of the first sub
light-emitting layer is 2.5% wt, a doping concentration of the
second sub light-emitting layer is 1.5% wt, and the first sub
light-emitting layer and the second sub light-emitting layer
have a thickness of 5~50 nm.

[0045] In still another embodiment of the disclosure, both
the first sub light-emitting layer 251 and the second sub
light-emitting layer 252 are formed of two doped fluorescent
materials, and the first sub light-emitting layer 251 has a
higher luminescence efficiency. For example, when the light-
emitting layer emits red light, the first sub light-emitting layer
and the second sub light-emitting layer are formed of 2-tert-
butyl-9,10-di(2-naphthyljanthracene (TBADN): Alg3: 4-(di-
cyanomethylene)-2-tert-butyl-6-(1,1,7,7-tetramethyljulo-
lidinyl-4-vinyl)-4H-pyran (DCITB), in which the former two
are the host materials, and the latter is the dopant material; for
example, doping concentrations of the first sub light-emitting
layer and the second sub light-emitting layer are respectively
1% wt and 3% wt. In another embodiment, the first sub
light-emitting layer and the second sub light-emitting layer
are formed of Alg3: rubrene: DCITB, in which the first two
are the host materials, and the last one is the dopant material;
for example, doping concentrations of the first sub light-
emitting layer and the second sub light-emitting layer are
respectively 2% wt and 3% wt.

[0046] Compared with the OLED which only uses the first
sub light-emitting layer 251 or the second sub light-emitting
layer 252, the OLED according to the embodiment shown in
FIG. 4 has a luminescence efficiency increased by more than
30%.

[0047] FIG. 5 illustrates a structure of an OLED according
to another embodiment of the disclosure. The OLED com-
prises a substrate 31, an anode layer 32, acathode layer 38 and
an organic function layer disposed between the anode layer
32 and the cathode layer 38. In the embodiment, the organic
function layer comprises a hole injection layer (HIL) 33, a
hole transport layer (HTL) 34, a light-emitting layer (EML),
an electron transport layer (ETL) 36 and an electron injection
layer (EIL) 37 sequentially disposed on the anode layer 32.
The hole injection layer 33 is adjacent to the anode layer 32,
and the electron injection layer 37 is adjacent to the cathode
layer 38. An external direct-current power supply 311 is con-
nected between the anode layer 32 and the cathode layer 38;
and the organic light-emitting device emits light under the
driven by the external direct current power supply 311. The
hole injection layer, the hole transport layer, the electron
injection layer, the electron transport layer, and the electron
injection layer in the embodiment may be made of the corre-
sponding materials as described above.

[0048] The light-emitting layer according to the embodi-
ment shown in FIG. 5 comprises three sub light-emitting
layers: a first sub light-emitting layer 351, a second sub light-
emitting layer 352 and a third sub light-emitting layer 353
sequentially provided from the anode layer 32 side to the
cathode layer 38 side. The first to third sub light-emitting
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layers 351-353 have a substantially same energy band differ-
ence. The first to third sub light-emitting layers 351-353 have
energy level differences; for example, the energy levels of the
first to third sub light-emitting layers 351-353 gradually
decrease according to the frontier orbital energy level. For
example, the energy level difference of adjacent sub light-
emitting layers is 0.5 ev or less, further for example, 0.2~0.5
ev or less. For example, light emitted by the third sub light-
emitting layer 353 is capable being absorbed by the second
sub light-emitting layer 252 to achieve stimulated emission;
and/or, light emitted by the second sub light-emitting layer
352 is capable of being absorbed by the first sub light-emit-
ting layer 351 to achieve stimulated emission. For example, at
least the first sub light-emitting layer 251 and/or the second
sub light-emitting layer 252 utilize photon energy of light
emitted by the adjacent sub light-emitting layer as an excita-
tion source to achieve light emission.

[0049] Inthe embodiment shown in FIG. 5, the first to third
sub light-emitting layers 351-353 may be made of the mate-
rials as described above. For example, the third sub light-
emitting layer is formed of an undoped luminescent material
and has alower luminescence efficiency, while the second sub
light-emitting layer and the first sub light-emitting layer are
formed of doped luminescent materials and have a higher
luminescence efficiency, and doping concentrations of the
second sub light-emitting layer and the first sub light-emitting
layer may be the same or different. Alternatively, for example,
the first to third sub light-emitting layers are all formed of
doped luminescent materials, but with different doping con-
centrations. In one embodiment, one of the second sub light-
emitting layer and the third sub light-emitting layer is capable
of absorbing light emitted by the other sub light-emitting
layer to achieve exited emission. Compared with the OLED
which only uses any one of the first to third sub light-emitting
layers, the OLED according to the embodiment shown in
FIG. 5 has a luminescence efficiency increased by more than
30%.

[0050] Further, based on the embodiments described in
conjunction with FIG. 3 and FIG. 5, the organic function layer
of the OLED according to the embodiments of the disclosure
may only comprise the light-emitting layer, but do not com-
prise the hole injection layer, the hole transport layer, the
electron transport layer, and the electron injection layer, etc.
Alternatively, in addition to the light-emitting layer, the
organic function layer of the OLED according to the embodi-
ments of the disclosure may optionally comprise at least one
of the hole injection layer, the hole transport layer, the elec-
tron transport layer and the electron injection layer. In addi-
tion, based on the embodiments described in conjunction with
FIG. 3 and FIG. 5, the organic function layer of the OLED
according to the embodiments of the disclosure may com-
prise an electron blocking layer and an exciton blocking layer
as required, and the embodiments of the disclosure are not
limited to these structures.

[0051] The light-emitting layer of the OLED according to
the embodiments of the disclosure is not limited to the two-
layer structure shown in FIG. 3 and three-layer structure
shown in FIG. 5, and may have a structure having more sub
light-emitting layers (e.g., a structure of four sub light-emit-
ting layers). Moreover, it is not limited to the doping relation-
ship in the embodiments as described above, as long as the
sub light-emitting layers sequentially arranged in the energy
level structure have a substantially same energy band differ-
ence to obtain the structure similar to quantum well so that at
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least one sub light-emitting layer is capable of absorbing light
emitted by another sub light-emitting layer to achieve stimu-
lated emission.

[0052] At least one embodiment of the disclosure further
provides a display device. The display device comprises the
above-described OLED provided by at least one embodiment
of the disclosure to form sub-pixels of at least one color, such
as red, green and blue (RGB) sub-pixels. These sub-pixels
constitute a pixel array. For example, the display device may
be a mobile phone, a tablet personal computer, a television, a
monitor, a laptop computer, a digital photo frame, a navigator,
a watch, or any other products or components having a dis-
play function.

[0053] At least one embodiment of the disclosure provides
a fabrication method for an OLED. For example, the method
comprises steps as follows.

[0054] S1)Cleaning a substrate;

[0055] In one example, the substrate 21 is cleaned sequen-
tially in cleaning agent, ethanol solution, acetone solution and
deionized water, and then dried with dry nitrogen.

[0056] S2)forming an anode layer or a cathode layer;
[0057] The substrate 21 is placed in a vacuum evaporation
chamber, to form the anode layer 22 or the cathode layer 28 or
to perform other processes.

[0058] Inoneexample, the substrate 21 is transferred to the
vacuum evaporation chamber and an indium tin oxide (ITQ)
film is formed on the substrate 21, so that the anode layer 22
of the organic light-emitting device is formed on the substrate
21. For example, a sheet resistance of the ITO filmis 25 Q/[7.
[0059] Of course, in order to improve production effi-
ciency, step S1) and step S2) may be completed in advance to
form the substrate with the anode layer or the cathode layer,
which is capable of being directly used in the subsequent
processes.

[0060] S3)Pretreating the anode layer or the cathode layer;

[0061] In one example, the substrate 21 with the anode
layer 22 is moved into the vacuum chamber, and the anode
layer 22 is pretreated by using oxygen plasma or argon
plasma to improve cleanliness and surface smoothness of the
ITO film, enhance surface properties of the ITO film, and
increase a work-function value thereof.

[0062] S4)forming an organic function layer

[0063] Forexample, the organic function layer is fabricated
on the anode layer 22 or the cathode layer 28 after being
treated. For example, the light-emitting layer comprises two
sub light-emitting layers.

[0064] In one example, the treated substrate 21 is moved
into the vacuum chamber, and then the organic function layer
is fabricated. For example, a hole injection layer 23, a hole
transport layer 24, a light-emitting layer, an electron transport
layer 26 and an electron injection layer 27 are sequentially
formed. For example, the light-emitting layer sequentially
comprises a first sub light-emitting layer 251 and a second sub
light-emitting layer 252 from bottom to top. For example, a
fabrication process of the light-emitting layer may be as fol-
lows:

[0065]
[0066] 2)Forming the second sub light-emitting layer 252
on the first sub light-emitting layer 251.

[0067] The first sub light-emitting layer 251 and the second
sub light-emitting layer 252 have a substantially same energy
band difference, and one of the first sub light-emitting layer

1) Forming the first sub light-emitting layer 251,
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and the second sub light-emitting layer is capable of absorb-
ing light emitted by the other sub light-emitting layer to
achieve stimulated emission.

[0068] S5) forming the cathode layer or the anode layer;
[0069] For example, after forming the organic function
layer, the substrate 1 is placed under a high vacuum condition
to form the cathode layer 10.

[0070] Deposition rates and thicknesses of respective lay-
ers constituting the organic function layer in step S2 to step S5
as described above may be monitored by a thickness mea-
surement device disposed near the substrate. Respective lay-
ers of the organic function layers may be fabricated by an
evaporation method or a metal organic chemical vapor depo-
sition (MOCVD) method. For example, when the light-emit-
ting layer emits red light, the red luminescent material may be
a fluorescent material or a phosphorescent material; in one
example, the luminescent material of the second sub light-
emitting layer is DCM, the luminescent material of the first
sub light-emitting layer is DCM doped with Alq, and for
example, the first sub light-emitting layer and the second sub
light-emitting layer have a thickness of 5~50 nm, and further
for example, 10~30 nm. For example, when the light-emitting
layer emits blue light, the material emitting blue light may be
a fluorescent material or a phosphorescent material; in one
example, the luminescent material of the second sub light-
emitting layer is DPUBI, and the luminescent material of the
first sub light-emitting layer is DPUB1 doped with rubrene.
[0071] Thereafter, the organic light-emitting device fabri-
cated as described above may be transferred to a hand-opera-
tion box for encapsulation. The hand-operation box is of an
inert gas atmosphere, for example, a nitrogen atmosphere.
Afterwards, photoelectric properties of the organic light-
emitting device fabricated as described above may be tested.
[0072] Inoneexample of theembodiment of the disclosure,
constitution of respective layers of the OLED is as follows
(comprising fabricating materials/and thicknesses of the
respective layers): Glass/ITO/2-TNATA (10 nm)/NPB (20
nm)/DCM (10 nm)/DCM: Alq3 (10 nm)/TPBI (40 nm)/LiF
(0.5 nm)/Al (200 nm). That is, the substrate is made of glass;
the anode layer is made of ITO, a vacuum degree of the
vacuum evaporation chamber is set to 2x10™* Pa to form
indium tin oxide (ITO) film on the substrate; the hole injec-
tion layer is made of 2-TNATA with a thickness of 10 nm, and
for exaniple, the evaporation rate is set to 0.08 nm/s; the hole
transport layer is made of NPB; in the light-emitting layer, the
first sub light-emitting layer is made of DCM as the host
luminescent material with a thickness of 10 nm, the evapora-
tion rate for example is set to 0.08 nm/s, and the second sub
light-emitting layer is made of DCM as the host luminescent
material doped with Alq3 with a thickness of 10 nm, and for
example, the evaporation rate is set to 0.08 nm/s; the electron
transport layer is made of TPBI with a thickness of 40 nm, and
for example, the evaporation rate is set to 0.08 nm/s; the
electron injection layer 9 is made of LiF with a thickness of
0.5 nm, and for example, the evaporation rate is set to 0.02
nm/s; the cathode layer is made of Al, and is formed in a high
vacuum condition at a vacuum degree of 5x107* Pa by an
evaporation method. In the example, the OLED emits red
light and may be of bottom emission type.

[0073] In another example of the embodiment of the dis-
closure, constitution of respective layers of the OLED is as
follows (comprising fabricating materials/and thicknesses of
the respective layers): Glass/ITO/2-TNATA (10 nm)/NPB
(20 nm)/DPUBI (10 nm)/DPUBI: rubrene (10 nm)/TPBI (40
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nm)/LiF (0.5 nm)/Al (200 nm). In the light-emitting layer, the
first sub light-emitting layer is made of DPUBI as the host
luminescent material, and the second sub light-emitting layer
is made of DCM as the host luminescent material doped with
rubrene. In the example, the OLED emits blue light and may
be of a double-sided emission type.

[0074] Inthe OLED according to at least one embodiment
of the disclosure, since at least one sub light-emitting layer is
capable of absorbing light emitted by another light-emitting
layer to achieve stimulated emission, the luminescence effi-
ciency can be effectively improved and more efficient light
emission can be achieved under the same drive current. The
problem of low luminescence efficiency can be solved by
using the embodiments of the disclosure, especially for the
OLED emitting blue light which has a relatively low lumi-
nescence efficiency. In the OLED display device according to
the embodiments of the disclosure, it is easier to implement
RGB balance by using the OLED emitting blue light with an
improved luminescence efficiency; in addition, an area of the
blue sub-pixel can be reduced so that limitation on the design
of the drive circuit can be lessened and the OLED display
device with a higher resolution can be achieved.

[0075] The foregoing embodiments merely are exemplary
embodiments of the disclosure, and not intended to define the
scope of the disclosure, and the scope of the disclosure is
determined by the appended claims.

[0076] The disclosure claims priority to and contains sub-
jectmatters related to that disclosed in Chinese Priority Patent
Application CN201410584962.6 filed on Oct. 27, 2014, the
entire content of which is hereby incorporated by reference.

1. An organic light-emitting device, comprising an anode
layer, a cathode layer, and an organic function layer disposed
between the anode layer and the cathode layer, wherein
the organic function layer comprises a light-emitting layer;
the light-emitting layer comprises a first sub light-emitting
layer and a second sub light-emitting layer disposed
adjacent to each other, the first sub light-emitting layer is
provided on an anode layer side and the second sub
light-emitting layer is provided on a cathode layer side;

the first sub light-emitting layer and the second sub light-
emitting layer have a substantially same energy band
difference, and one of the first sub light-emitting layer
and the second sub light-emitting layer is capable of
absorbing light emitted by the other of the first sub
light-emitting layer and the second sub light-emitting
layer to achieve stimulated emission,

wherein, the first sub light-emitting layer is made of a

doped host luminescent material having a first doping
concentration, and the second sub light-emitting layer is
made of the doped host luminescent material having a
different, second doping concentration.

2-3. (canceled)

4. The organic light-emitting device according to claim 1,
wherein
a luminescence efficiency of the second sub light-emitting
layer is lower than a luminescence efficiency of the first
sub light-emitting layer.
5. The organic light-emitting device according to claim 1,
wherein
an emission wavelength of the first sub light-emitting layer
is substantially same as an emission wavelength of the
second sub light-emitting layer.
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6. The organic light-emitting device according to claim 1,
wherein
the light-emitting layer further comprises a third sub light-
emitting layer disposed adjacent to the second sub light-
emitting layer, the third sub light-emitting layer is dis-
posed on the cathode layer side of the second sub light-
emitting layer;
the third sub light-emitting layer and the second sub light-
emitting layer have a substantially same energy band
difference, and one of the second sub light-emitting
layer and the third sub light-emitting layer is capable of
absorbing light emitted by the other of the second sub
light-emitting layer and the third sub light-emitting layer
to achieve stimulated emission.
7. The organic light-emitting device according to claim 6,
wherein
the first sub light-emitting layer is made of a host lumines-
cent material, the second sub light-emitting layer and the
third sub light-emitting layer are made of the host lumi-
nescent material that is doped, and a doping concentra-
tion of the second sub light-emitting layer differs from a
doping concentration of the third sub light-emitting
layer; or,
the third sub light-emitting layer is made of the host lumi-
nescent material, the first sub light-emitting layer and
the second sub light-emitting layer are made of the host
luminescent material that is doped, and a doping con-
centration of the first sub light-emitting layer differs
from a doping concentration of the second sub light-
emitting layer.
8. The organic light-emitting device according to claim 6,
wherein
the third sub light-emitting layer is made of the doped host
luminescent material having a third doping concentra-
tion.
9. The organic light-emitting device according to claim 1,
wherein
the organic function layer further comprises a hole trans-
port layer and an electron transport layer, the hole trans-
port layer is adjacent to the first sub light-emitting layer
and is provided on the anode layer side, and the electron
transport layer is adjacent to the second sub light-emit-
ting layer and is provided on the cathode layer side.
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10. The organic light-emitting device according to claim 9,
wherein
the organic function layer further comprises a hole injec-
tion layer and an electron injection layer, the hole injec-
tion layer is provided between the hole transport layer
and the anode layer, and the electron injection layer is
provided between the electron transport layer and the
cathode layer.
11. A display device, comprising the organic light-emitting
device according to claim 1.
12. A fabrication method for an organic light-emitting
device, comprising respectively forming an anode, a light-
emitting layer and a cathode,
wherein the forming the light-emitting layer comprises:
forming a first sub light-emitting layer, the first sub light-
emitting layer being disposed on an anode side;

forming a second sub light-emitting layer adjacent to the
first sub light-emitting layer, the second sub light-emit-
ting layer being disposed on a cathode side; and

wherein the first sub light-emitting layer and the second
sub light-emitting layer have a substantially same
energy band difference, and one of the first sub light-
emitting layer and the second sub light-emitting layer is
capable of absorbing light emitted by the other of the
first sub light-emitting layer and the second sub light-
emitting layer to achieve stimulated emission,
wherein the first sub light-emitting layer is made of a doped
host luminescent material having a first doping concen-
tration, and the second sub light-emitting layer is made
of the doped host luminescent material having a differ-
ent, second doping concentration.
13. The fabrication method according to claim 12,
wherein the forming the light-emitting layer further com-
prises: forming a third sub light-emitting layer adjacent
to the second sub light-emitting layer, the third sub light-
emitting layer being disposed on the cathode side; and

wherein the third sub light-emitting layer and the second
sub light-emitting layer have a substantially same
energy band difference, and one of the second sub light-
emitting layer and the third sub light-emitting layer is
capable of absorbing light emitted by the other of the
second sub light-emitting layer and the third sub light-
emitting layer to achieve stimulated emission.
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