
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

41
9 

07
0

A
1

TEPZZ¥4_9Z7ZA_T
(11) EP 3 419 070 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
26.12.2018 Bulletin 2018/52

(21) Application number: 16876957.8

(22) Date of filing: 30.11.2016

(51) Int Cl.:
H01L 51/50 (2006.01) H01L 51/54 (2006.01)

H01L 51/56 (2006.01)

(86) International application number: 
PCT/CN2016/107830

(87) International publication number: 
WO 2017/140159 (24.08.2017 Gazette 2017/34)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 18.02.2016 CN 201610091388
15.04.2016 CN 201610237544

(71) Applicant: BOE Technology Group Co., Ltd.
Beijing 100015 (CN)

(72) Inventors:  
• HE, Yuedi

Beijing 100176 (CN)
• KRISTAL, Boris

Beijing 100176 (CN)
• LI, Yanzhao

Beijing 100176 (CN)
• SUN, Jie

Beijing 100176 (CN)

(74) Representative: Brötz, Helmut et al
Rieder & Partner mbB 
Patentanwälte - Rechtsanwalt 
Corneliusstrasse 45
42329 Wuppertal (DE)

(54) QUANTUM DOT LIGHT-EMITTING DEVICE AND FABRICATION METHOD THEREFOR, 
DISPLAY SUBSTRATE AND DISPLAY DEVICE

(57) A quantum dot light-emitting device, a fabricat-
ing method thereof, a display substrate and a display
apparatus are provided. The quantum dot light-emitting
device includes: a base substrate; a first electrode layer,
a light-emitting layer, a second electrode layer and an
encapsulation layer which are sequentially formed on the
base substrate, wherein the light-emitting layer includes
a quantum dot light emitting material; a fluorescent ma-

terial is disposed between the first electrode layer and
the second electrode layer, and the fluorescent material
includes a thermally activated delayed fluorescence
(TADF) material; one of the first electrode layer and the
second electrode layer is an anode layer, and the other
of the first electrode layer and the second electrode layer
is a cathode layer.
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Description

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate
to a quantum dot light-emitting device, a fabricating meth-
od thereof, a display substrate and a display apparatus.

BACKGROUND

[0002] Quantum dots have a semiconductor nanos-
tructure that binds the conduction band electrons, va-
lence band holes and excitons in three spatial directions.
For example, the quantum dots may be nanoparticles
composed of elements IIB and VIA or elements IIIA to
VA. The particle size of the quantum dots generally rang-
es from about 1 nm to about 10 nm. Due to quantum
confinement of the electrons and holes, the continuous
band structure becomes a discrete energy level structure
with molecular characteristics, and the quantum dots can
be excited to emit fluorescence. Based on a quantum
effect, quantum dots have wide potential applications in
the fields such as solar cells, light-emitting devices and
optical biomarkers. Scientists have invented many differ-
ent ways to fabricate quantum dots, and such nanoma-
terials are expected to have great potential in the appli-
cation of nano-electronics in twenty-first century.
[0003] The quantum dot electroluminescent devices
mainly have two excitation mechanisms: one is direct
injection of carriers, that is, injection of holes from a hole
transport layer to a quantum dot light-emitting layer, and
injection of electrons from an electron transport layer to
the quantum dot light-emitting layer, and combining the
holes and the electrons in the quantum dot light-emitting
layer to form excitons and emit light; the other is by means
of energy transfer, that is, direct transfer of the energy
from excitons formed in the transport layer to the quantum
dots results in emitting light.
[0004] Atypical quantum dot light-emitting diode struc-
ture comprises a hole injection layer, a hole transport
layer, an electron transport layer, and a quantum dot light-
emitting layer, and the materials of the electron transport
layer, the hole transport layer and the hole injection layer
may be organic small molecules, organic polymers or
inorganic metal oxides. However, because the valence
band of the quantum dots is far below the highest occu-
pied molecular orbital (HOMO) level of the hole transport
layer, the injection ability of the holes is poor, which leads
to the imbalance of the carriers and further leads to cur-
rent leakage and degradation of devices, and thus the
light-emitting efficiency and the lifetime of the devices
are affected.

SUMMARY

[0005] At least one embodiment of the present disclo-
sure provides a quantum dot light-emitting device which
comprises: a base substrate; a first electrode layer, a

light-emitting layer, a second electrode layer and an en-
capsulation layer which are sequentially formed on the
base substrate, wherein the light-emitting layer compris-
es a quantum dot light emitting material; a fluorescent
material is disposed between the first electrode layer and
the second electrode layer, and the fluorescent material
comprises a thermally activated delayed fluorescence
material; one of the first electrode layer and the second
electrode layer is an anode layer, the other of the first
electrode layer and the second electrode layer is a cath-
ode layer.
[0006] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the quantum
dot light-emitting device satisfies at least one of the fol-
lowing two conditions: the fluorescent material is co-
doped with the quantum dot light-emitting material to form
the light-emitting layer; and the fluorescent material
forms an energy transfer layer at one side or both sides
of the light emitting layer, and the energy transfer layer
is in contact with the light emitting layer.
[0007] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the fluorescent
material is composed of a single thermally activated de-
layed fluorescence material.
[0008] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the thermally
activated delayed fluorescence material is 2,4,5,6-tet-
rakis(carbazol-9-yl)-1,3-dicyanobenzene (4CzIPN) .
[0009] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the thermally
activated delayed fluorescence material is a mixture
comprising a host material and a guest material.
[0010] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the fluorescent
material further comprises a fluorescent material having
no thermally activated delayed fluorescence character-
istic.
[0011] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the host ma-
terial comprises at least one of 4,5-bis(carbazol-9-yl)-
1,2-dicyanobenzene (2-CzPN), (3’-(4,6-diphenyl-1,3,5-
triazine-2-yl)-(1,1’-biphenyl)-3-yl)-9-carbazole (3-Cz-
TRZ) and 2,5-bis(carbazol-9-yl)-1,4-dicyanobenzene
(CzTPN); the guest material comprises at least one of
DFDB-QA and DMeDB-QA; and the fluorescent material
having no thermally activated delayed fluorescence char-
acteristic comprises 4,4’-bis(N-carbazolyl)-1,1’-biphenyl
(DBP).
[0012] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, at least a por-
tion of a fluorescence emission spectrum of the thermally
activated delayed fluorescence material overlaps an ab-
sorption spectrum of the quantum dot light emitting ma-
terial, and the overlap area accounts for not less than
30% of an area of the fluorescence emission spectrum
of the guest material.
[0013] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the quantum
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dot light-emitting material comprises at least one kind of
red quantum dots, green quantum dots and blue light
quantum dots.
[0014] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the maximum
luminous wavelength of the red quantum dots ranges
from about 550 nm to about 650 nm, the maximum lumi-
nous wavelength of the green quantum dots ranges from
about 480 nm to about 550 nm, and the maximum lumi-
nous wavelength of the blue quantum dots ranges from
about 400 nm to about 480 nm.
[0015] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the quantum
dot light-emitting material is a zinc sulfide material with
a core/shell structure.
[0016] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the surface of
the quantum dot light-emitting material is provided with
a ligand which is selected from a group consisting of a
phosphate ligand, a thiol ligand and a carboxylic acid
ligand.
[0017] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the thermally
activated delayed fluorescence material forms an energy
transfer layer at one side or both sides of the light-emitting
layer; the energy transfer layer is in contact with the light-
emitting layer; and the energy transfer layer has a thick-
ness of from about 3 nm to about 80 nm.
[0018] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the quantum
dot light-emitting device further comprises at least one
of the following two structures:

a hole injection layer, a hole transport layer and a
hole blocking layer which are sequentially disposed
between the anode layer and the light-emitting layer;
and
an electron injection layer, an electron transport layer
and an electron blocking layer which are sequentially
disposed between the cathode layer and the light-
emitting layer.

[0019] In the quantum dot light-emitting device provid-
ed by the present disclosure, for example, the base sub-
strate is an array substrate, and the anode layer is elec-
trically connected with a switch element of the array sub-
strate.
[0020] At least one embodiment of the present disclo-
sure further provides a method for fabricating a quantum
dot light-emitting device, and the method comprises: pro-
viding a base substrate; forming a first electrode layer, a
light-emitting layer, a second electrode layer and an en-
capsulation layer sequentially on the base substrate;
wherein the light-emitting layer comprises a quantum dot
light emitting material; and the method further comprises
disposing a fluorescent material between the first elec-
trode layer and the second electrode layer; wherein the
fluorescent material comprises a thermally activated de-

layed fluorescence material; one of the first electrode lay-
er and the second electrode layer is an anode layer, and
the other of the first electrode layer and the second elec-
trode layer is a cathode layer.
[0021] In the method for fabricating the quantum dot
light-emitting device provided by the present disclosure,
for example, disposing a fluorescent material between
the first electrode layer and the second electrode layer
comprises at least one of the following two conditions:

the fluorescent material is codoped with the quantum
dot light-emitting material to form the light-emitting
layer; and
the fluorescent material forms an energy transfer lay-
er at one side or both sides of the light emitting layer,
and the energy transfer layer is in contact with the
light emitting layer.

[0022] At least one embodiment of the present disclo-
sure further provides a display substrate, and the display
substrate comprises the above-mentioned quantum dot
light-emitting devices which are arranged in an array.
[0023] At least one embodiment of the present disclo-
sure further provides a display apparatus which compris-
es the above-mentioned display substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In order to clearly illustrate the technical solu-
tions of the embodiments of the present disclosure, the
drawings of the embodiments will be briefly described in
the following. It is apparent that the described drawings
are only related to some embodiments of the present
disclosure and thus are not limitative on the disclosure.

Fig. 1 is a schematic structure diagram of an OLED
device provided by an embodiment of the present
disclosure;
Fig. 2 is a schematic structure diagram of an OLED
device provided by another embodiment of the
present disclosure;
Fig. 3 is a schematic structure diagram of an OLED
device provided by another embodiment of the
present disclosure;
Fig. 4 is a schematic structure diagram of an OLED
device provided by another embodiment of the
present disclosure; and
Fig. 5 is a schematic structure diagram of an OLED
device provided by another embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0025] In order to make objects, technical details and
advantages of the embodiments of the disclosure appar-
ent, the technical solutions of the embodiments will be
described in a clearly and fully understandable manner
in connection with the drawings. It is obvious that the

3 4 



EP 3 419 070 A1

4

5

10

15

20

25

30

35

40

45

50

55

described embodiments are just a part of but not all of
the embodiments of the disclosure. Based on the de-
scribed embodiments herein, those skilled in the art can,
without any inventive work, obtain other embodiments,
which should be within the protection scope of the present
invention.
[0026] Unless otherwise defined, all the technical and
scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art
to which the present invention belongs. The terms "first",
"second", etc., which are used in the description and the
claims of the present application, are not intended to in-
dicate any sequence, amount or importance, but distin-
guish various components. Also, the terms such as "a"
and "an" are not intended to limit the amount, but indicate
existence of at least one.
[0027] The structures of the compounds involved in
the present disclosure are as follows:

2-CzPN

3-CzTRZ: (3 ’-(4,6-diphenyl-1,3,5-triazin-2-yl)-(1,1’-
biphenyl)-3-yl)-9-carbazole

CzTPN: 2,5-bis(carbazol-9-yl)-1,4-dicyanobenzene
DFDB-QA

DMeDB-QA

DBP

[0028] A popular method of optimizing quantum dot
light-emitting devices is based on the injection and trans-
port of carriers. For example, the structure of the device
is optimized by selecting a suitable hole injection layer
HIL, a hole transport layer HTL, an electron transport
layer ETL and an electron injection layer EIL to improve
the performance of the device.
[0029] TADF mechanism is a mechanism of using or-
ganic small molecular materials with small energy level
difference between singlet state and triplet state (ΔEST),
and the triplet state excitons may be translated into sin-
glet excitons through the process of reverse intersystem
crossing (RISC) under ambient thermal energy. Theoret-
ically, the internal quantum efficiency of the device can
reach 100%. More specifically, if the TADF material for
example is a host-guest doped material, the ratio of the
singlet excited state and the triplet excited state gener-
ated in the TADF host material may be 1:3 in the case
of electron injection. Under the action of ambient thermal
energy, the triplet state excitons of the TADF host mate-
rial with small energy level difference between singlet
state and triplet state (ΔEST) may be translated into sin-
glet excitons through the process of reverse intersystem
crossing (RISC). In the case that the TADF host material
has a good energy matching relationship with the quan-
tum dot light-emitting material, the dominant mechanism
of energy transfer between the host molecule and the
guest molecule is a long-range Foster type energy trans-
fer, that is an energy transfer from a singlet state to a
singlet state. Based on the above principle, the guest
molecule may not only obtain an energy from the directly
generated host singlet excited state, but also may obtain
an energy from the triplet state excitons translated into
singlet excitons through the process of reverse intersys-
tem crossing (RISC), and in theory, the internal quantum
efficiency may reach 100%. It can be seen that the exci-
ton produced by TADF can transfer the energy to the
quantum dot light-emitting layer, which may enhance the
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light-emitting ability of the quantum dots.
[0030] Fig. 1 is a schematic structure diagram of a
quantum dot light-emitting device provided by an embod-
iment of the present disclosure. For example, the quan-
tum dot light-emitting device comprises: a base substrate
100; a first electrode layer 101, a light-emitting layer 102,
a second electrode layer 103 and an encapsulation layer
104 which are sequentially formed on the base substrate
100. The light-emitting layer 102 comprises a quantum
dot light emitting material; a fluorescent material is dis-
posed between the first electrode layer 101 and the sec-
ond electrode layer 103, and the fluorescent material
comprises a thermally activated delayed fluorescence
(TADF) material; the first electrode layer 101 is an anode
layer or a cathode layer, and the second electrode layer
103 is accordingly a cathode layer or an anode layer. In
the present embodiment, the thermally activated delayed
fluorescence (TADF) material is codoped with the quan-
tum dot light-emitting material to form the light-emitting
layer 102. The expression that the fluorescent material
comprises a thermally activated delayed fluorescence
material means that the fluorescent material at least com-
prises a thermally activated delayed fluorescence mate-
rial, and it can futher comprise other fluorescent materi-
als.
[0031] Fig. 2 is aschematic structure diagram of anoth-
er quantum dot light-emitting device provided by an em-
bodiment of the present disclosure. For example, the
quantum dot light-emitting device comprises: a base sub-
strate 200; a first electrode layer 201, an energy transfer
layer 205, a light-emitting layer 202, a second electrode
layer 203 and an encapsulation layer 204 which are se-
quentially formed on the base substrate 200. In the
present embodiment, the light-emitting layer 202 is made
of a quantum dot light-emitting material, and the energy
transfer layer 205 contacted with the light-emitting layer
202 is made of a fluorescent material comprising a ther-
mally activated delayed fluorescence (TADF) material.
[0032] Fig. 3 is a schematic structure diagram of an-
other quantum dot light-emitting device provided by an
embodiment of the present disclosure. For example, the
quantum dot light-emitting device comprises: a base sub-
strate 300; a first electrode layer 301, a first energy trans-
fer layer 305, a light-emitting layer 302, a second energy
transfer layer 306, a second electrode layer 303 and an
encapsulation layer 304 which are sequentially formed
on the base substrate 300. In the present embodiment,
the light-emitting layer 302 is made of a quantum dot
light-emitting material, and the first energy transfer layer
305 and the second energy transfer layer 306 which are
contacted with the light-emitting layer 302 are made of a
fluorescent material comprising a thermally activated de-
layed fluorescence (TADF) material.
[0033] Fig. 4 is a schematic structure diagram of an-
other quantum dot light-emitting device provided by an
embodiment of the present disclosure. For example, the
quantum dot light-emitting device comprises: a base sub-
strate 400; a first electrode layer 401, a first energy trans-

fer layer 405, a light-emitting layer 402, a second energy
transfer layer 406, a second electrode layer 403 and an
encapsulation layer 404 which are sequentially formed
on the base substrate 400. In the present embodiment,
a thermally activated delayed fluorescence (TADF) ma-
terial is codoped with a quantum dot light-emitting mate-
rial to form the light-emitting layer 402, and the first en-
ergy transfer layer 405 and the second energy transfer
layer 406 which are contacted with the light-emitting layer
402 are made of the thermally activated delayed fluores-
cence (TADF) material.
[0034] Fig. 5 is a schematic structure diagram of an-
other quantum dot light-emitting device provided by an
embodiment of the present disclosure. For example, the
quantum dot light-emitting device comprises: a base sub-
strate 500; a first electrode layer 501, a hole injection
layer 508, a hole transport layer 509, a hole blocking
layer 510, a light-emitting layer 502, an electron blocking
layer 511, an electron transport layer 512, an electron
injection layer 513, a second electrode layer 503 and an
encapsulation layer 504 which are sequentially formed
on the base substrate 500. In the present embodiment,
a thermally activated delayed fluorescence (TADF) ma-
terial is codoped with a quantum dot light-emitting mate-
rial to form the light-emitting layer 502; the first electrode
layer 501 is an anode layer and the second electrode
layer 503 is a cathode layer. It should be understood that,
the hole injection layer 508, the hole transport layer 509,
the electron transport layer 512, the electron injection
layer 513, the hole blocking layer 510, and the electron
blocking layer 511 are optional, and they may be incor-
porated or removed according to the actual situations.
[0035] In the above embodiments, the thermally acti-
vated delayed fluorescence material may for example,
be selected from compounds with ΔS,T<0.1eV. In the
above embodiments, the fluorescent material for exam-
ple is composed of a single thermally activated delayed
fluorescence material. For example, the thermally acti-
vated delayed fluorescence material may be 2,4,5,6-tet-
rakis(carbazol-9-yl)-1,3-dicyanobenzene (4CzIPN). Or,
the thermally activated delayed fluorescence material
may be a mixture comprising a host material and a guest
material. For example, the host material comprises at
least one of 4,5-bis(carbazol-9-yl)-1,2-dicyanobenzene
(2-CzPN), (3’-(4,6-diphenyl-1,3,5-triazine-2-yl)-(1,1’-bi-
phenyl)-3-yl)-9-carbazole (3-CzTRZ) and 2,5-bis(carba-
zol-9-yl)-1,4-dicyanobenzene (CzTPN), and the guest
material comprises at least one of DFDB-QA and
DMeDB-QA. Optionally, the fluorescent material may fur-
ther comprise a fluorescent material having no thermally
activated delayed fluorescence characteristic. For exam-
ple, the host material comprises at least one of 4,5-
bis(carbazol-9-yl)-1,2-dicyanobenzene (2-CzPN),
(3’-(4,6-diphenyl-1,3,5-triazine-2-yl)-(1,1’-biphenyl)-3-
yl)-9-carbazole (3-CzTRZ) and 2,5-bis(carbazol-9-yl)-
1,4-dicyanobenzene (CzTPN); the guest material com-
prises at least one of DFDB-QA and DMeDB-QA, and
the fluorescent material having no thermally activated
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delayed fluorescence characteristic comprises 4,4’-
bis(N-carbazolyl)-1,1’-biphenyl (DBP).
[0036] In the above embodiments, the quantum dot
light-emitting material may be selected from red quantum
dots, green quantum dots and blue light quantum dots
according to the actual situations. For example, the max-
imum luminous wavelength of the red quantum dots rang-
es from about 550 nm to about 650 nm; the maximum
luminous wavelength of the green quantum dots ranges
from about 480 nm to about 550 nm, and the maximum
luminous wavelength of the blue quantum dots ranges
from about 400 nm to about 480 nm. For example, the
quantum dot light-emitting material is a zinc sulfide ma-
terial with a core/shell structure.
[0037] The main role of the thermally activated delayed
fluorescence material is to enhance the energy trans-
ferred to the quantum dot light emitting material. There-
fore, the main criteria for selecting the thermally activated
delayed fluorescence material is matching the energy
level of the thermally activated delayed fluorescence ma-
terial with the energy level of the quantum dot light-emit-
ting material to make the energy transferred from the
thermally activated delayed fluorescence material to the
quantum dot light-emitting material more effective. For
example, at least a portion of a fluorescence emission
spectrum of the thermally activated delayed fluorescence
material overlaps with an absorption spectrum of the
quantum dot light emitting material, and the overlap area
accounts for not less than about 30%, 40%, 50%, 60%,
70%, or 80% of an area of the fluorescence emission
spectrum of the guest material.
[0038] In the above embodiments, the surface of the
quantum dot light-emitting material is for example pro-
vided with a ligand, and the ligand is selected from a
group consisting of a phosphate ligand, a thiol ligand and
a carboxylic acid ligand. Because luminescence quench-
ing may occur due to aggregation of quantum dots, pro-
viding the surface of the quantum dot light-emitting ma-
terial with a ligand may effectively prevent the aggrega-
tion of quantum dots and improve the light-emitting effi-
ciency, and also can slow down the decomposition of the
quantum dot materials.
[0039] In the above embodiments, for example, a thick-
ness of the energy transfer layer ranges from about 3 nm
to about 80 nm, or a thickness of the energy transfer layer
ranges from about 5 nm to about 50 nm, or a thickness
of the energy transfer layer ranges from about 10 nm to
about 30 nm. Setting the thickness of the energy transfer
layer should aim at an efficient energy transfer. If the
thickness of the energy transfer layer is too large, the
excitons can not be effectively transferred to the quantum
dot light-emitting material. If the thickness of the energy
transfer layer is too small, the role of the energy transfer
layer is limited.
[0040] In the above embodiments, the hole injection
layer for example may be made of triphenylamine com-
pounds or a p-type doped organic layer or polymers, such
as tri[4-(5-phenyl-2-thiophene) phenyl] amine, 4,4’,4"-

tri[2-naphthyl (phenyl) amino] triphenylamine (2-TNATA)
or 4,4’,4"-tri(3-methyl phenyl aniline) triphenylamine (m-
MTDATA), copper phthalocyanine (CuPc), Pedot: Pss,
TPD, or F4TCNQ. The hole injection layer may have a
thickness from about 1 nm to about 100 nm, or from about
10 nm to about 50 nm.
[0041] In the above embodiments, the hole transport
layer, for example may be made of aromatic diamine
compounds, triphenylamine compounds, aromatic tri-
amine compounds, biphenyl diamine derivatives, triar-
ylamine polymers or carbazole polymers, such as NPB,
TPD, TCTA and polyethylene carbazole or its monomer.
The hole transport layer may have a thickness from about
20 nm to about 200 nm, or from about 30 nm to about 80
nm.
[0042] In the above embodiments, the electron trans-
port layer, for example may be made of phenanthroline
derivatives, oxazole derivatives, thiazole derivatives, im-
idazole derivatives, metal complexes or anthracene de-
rivatives. The specific examples comprise: 8-hydroxyqui-
noline aluminum (Alq3), 8-hydroxyquinoline lithium (Liq),
8-hydroxyquinoline gallium, Bis[2-(2-hydroxyl phenyl-
1)-pyridine] beryllium, 2-(4-biphenylyl)-5-(4-tert-butyl-
phenyl)-1,3,4-oxadiazole(PBD), 1,3,5-tris(N-phenylben-
zimidazol-2-yl) benzene (TPBI), BCP, Bphen, etc. The
electron transport layer may have a thickness from about
20 nm to about 500 nm, or from about 50 nm to about
100 nm.
[0043] In the above embodiments, the electron injec-
tion layer, for example may be made of alkali metal ox-
ides, alkali metal fluorides, etc. The alkali metal oxides
include lithium oxide (Li2O), lithium boron oxide (LiBO),
potassium silicate (K2SiO3), cesium carbonate
(Cs2CO3), etc. The alkali metal fluorides include lithium
fluoride (LiF) and sodium fluoride (NaF), etc. The electron
injection layer may have a thickness from about 0.5 nm
to about 3 nm.
[0044] At least one embodiment of the present disclo-
sure further provides a display substrate, and the display
substrate comprises a plurality of the above-mentioned
quantum dot light-emitting devices which are arranged
in an array. At least one embodiment of the present dis-
closure further provides a display apparatus, and the dis-
play apparatus comprises the above-mentioned display
substrate.
[0045] At least one embodiment of the present disclo-
sure further provides a method for fabricating a quantum
dot light-emitting device, and the method comprises: pro-
viding a base substrate; and forming a first electrode lay-
er, a light-emitting layer, a second electrode layer and
an encapsulation layer sequentially formed on the base
substrate; wherein the light-emitting layer comprises a
quantum dot light emitting material. The method may fur-
ther comprise disposing a fluorescent material between
the first electrode layer and the second electrode layer,
wherein the fluorescent material comprises a thermally
activated delayed fluorescence(TADF) material; the first
electrode layer is an anode layer or a cathode layer, and
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accordingly the second electrode layer is a cathode layer
or an anode layer.
[0046] In the above-mentioned method, for example,
disposing a fluorescent material between the first elec-
trode layer and the second electrode layer comprises at
least one of the following two conditions: the fluorescent
material is codoped with the quantum dot light-emitting
material to form the light-emitting layer; and the fluores-
cent material forms an energy transfer layer at one side
or both sides of the light emitting layer, and the energy
transfer layer is in contact with the light-emitting layer.
[0047] In the above embodiments, each layer of the
quantum dot light-emitting device can be manufactured
by conventional methods. For example, the anode layer,
the hole injection layer, the hole transport layer, the light-
emitting layer, the electron transport layer, the electron
injection layer and the cathode layer can be deposited
by solutions. Appropriate solvents are selected, another
layer is deposited on one layer, and the previously de-
posited layer can be protected from being destroyed. The
deposition method may be carried out by for example,
spin coating, spraying or printing, as well as sputtering,
electron beam evaporation, vacuum evaporation or
chemical vapor deposition.
[0048] The following is an example to further illustrate
the fabrication process of a quantum dot light-emitting
device provided by an embodiment of the present disclo-
sure.
[0049] The structure of the device is:

[ITO/PEDOT:PSS/poly-TPD/PVK/DPEP-
OCz:FIrpic:QD/ZnO/LiF/Al]

[0050] The fabrication steps comprise:

1) cleaning a glass substrate provided with a ITO
transparent electrode (anode):
washing it with deionized water and ethanol, treating
it with ultrasonic for 20 minutes, then drying it quickly
by a nitrogen air gun, then treating it with ozone for
10 minutes to clean the surface of the ITO and en-
hance the work function of the ITO electrode;
2) fabricating a hole injection layer:
spin coating PEDOT:PSS onto the clean glass sub-
strate in the air with a rotational speed of 3500
rpm/minute, and the duration of spin coating is 45s.
After spin coating, annealing in the air at a temper-
ature of 120°C for 20 minutes, and drying the liquid
that has not been volatilized;
3) fabricating a hole transport layer:
transferring the glass substrate into a glove box, spin
coating a poly-TPD solution (the concentration of the
poly-TPD solution is 10 mg/ml) onto the PEDOT:PSS
layer with a rotational speed of 2500 rpm/minute,
and the duration of spin coating is 45s. After spin
coating, annealing at a temperature of 110°C for 30
minutes in the box to form a poly-TPD layer;
4) fabricating a hole blocking layer:

spin coating a PVK solution (the concentration of the
PVK solution is 2 mg/ml) onto the poly-TPD layer
with a rotational speed of 2000 rpm/minute, and the
duration of spin coating is 45s. After spin coating,
annealing at a temperature of 170°C for 30 minutes
in the box to form a PVK layer;
5) fabricating a light-emitting layer:
making the light-emitting layer by codoping of DPE-
POCz:FIrpic:QD, wherein a TADF system is formed
by DPEPOCz:FIrpic for generating excitons, and the
exciton energy is transferred to the quantum dot
light-emitting material;
6) fabricating an electron transport layer:
spin coating a ZnO solution (the concentration of the
ZnO solution is 30 mg/ml) on the EML layer with a
rotational speed of 2000 rpm/minute, and the dura-
tion of spin coating is 45s;
7) fabricating an electron injection layer:
after spin coating, putting the device into a vacuum
evaporation chamber for vapor deposition of LiF;
8) fabricating a cathode:
conducting vapor deposition of cathode aluminum
onto the LiF layer to obtain the quantum dot light-
emitting device.

[0051] The embodiment described above is illustrative
only and not limitative to the protection scope of the dis-
closure. The protection scope of the disclosure is defined
by the accompanying claims.
[0052] The present application claims the priority of the
Chinese Patent Application No.201610091388.X filed on
February 18, 2016 and the Chinese Patent Application
No.201610237544.9 filed on April 15, 2016, which are
incorporated herein by reference as part of the present
application.

Claims

1. A quantum dot light-emitting device, comprising:

a base substrate; and
a first electrode layer, a light-emitting layer, a
second electrode layer and an encapsulation
layer which are sequentially formed on the base
substrate,
wherein the light-emitting layer comprises a
quantum dot light emitting material;
a fluorescent material is disposed between the
first electrode layer and the second electrode
layer;
one of the first electrode layer and the second
electrode layer is an anode layer, and the other
of the first electrode layer and the second elec-
trode layer is a cathode layer.

2. The quantum dot light-emitting device according to
claim 1, wherein the fluorescent material comprises
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a thermally activated delayed fluorescence material.

3. The quantum dot light-emitting device according to
claim 1 or 2, wherein the quantum dot light-emitting
device satisfies at least one of the following two con-
ditions:

the fluorescent material is codoped with the
quantum dot light-emitting material to form the
light-emitting layer; and
the fluorescent material forms an energy trans-
fer layer at one side or both sides of the light
emitting layer, and the energy transfer layer is
in contact with the light emitting layer.

4. The quantum dot light-emitting device according to
claim 2, wherein the fluorescent material is com-
posed of a single thermally activated delayed fluo-
rescence material.

5. The quantum dot light-emitting device according to
claim 4, wherein the thermally activated delayed flu-
orescence material is 2,4,5,6-tetrakis(carbazol-9-
yl)-1,3-dicyanobenzene (4CzIPN).

6. The quantum dot light-emitting device according to
claim 2 or 3, wherein the thermally activated delayed
fluorescence material is a mixture comprising a host
material and a guest material.

7. The quantum dot light-emitting device according to
claim 6, wherein the fluorescent material further
comprises a fluorescent material having no thermally
activated delayed fluorescence characteristic.

8. The quantum dot light-emitting device according to
claim 7, wherein
the host material comprises at least one of 4,5-
bis(carbazol-9-yl)-1,2-dicyanobenzene (2-CzPN),
(3’-(4,6-diphenyl-1,3,5-triazine-2-yl)-(1,1’-biphe-
nyl)-3-yl)-9-carbazole (3-CzTRZ) and 2,5-bis(carba-
zol-9-yl)-1,4-dicyanobenzene (CzTPN);
the guest material comprises at least one of DFDB-
QA and DMeDB-QA; and
the fluorescent material having no thermally activat-
ed delayed fluorescence characteristic comprises
4,4’- bis(N-carbazolyl)-1,1’-biphenyl (DBP).

9. The quantum dot light-emitting device according to
any one of claims 2, 5, 7 and 8, wherein at least a
portion of a fluorescence emission spectrum of the
thermally activated delayed fluorescence material
overlaps an absorption spectrum of the quantum dot
light emitting material, and the overlap area accounts
for not less than 30% of an area of the fluorescence
emission spectrum of the guest material.

10. The quantum dot light-emitting device according to

any one of claims 2, 5, 7 and 8, wherein the quantum
dot light-emitting material comprises at least one
kind of red quantum dots, green quantum dots and
blue light quantum dots.

11. The quantum dot light-emitting device according to
claim 10, wherein the maximum luminous wave-
length of the red quantum dots ranges from about
550 nm to about 650 nm, the maximum luminous
wavelength of the green quantum dots ranges from
about 480 nm to about 550 nm, and the maximum
luminous wavelength of the blue quantum dots rang-
es from about 400 nm to about 480 nm.

12. The quantum dot light-emitting device according to
any one of claims 2, 5, 7 and 8, wherein the quantum
dot light-emitting material is a zinc sulfide material
with a core/shell structure.

13. The quantum dot light-emitting device according to
any one of claims 2, 5, 7 and 8, wherein the surface
of the quantum dot light-emitting material is provided
with a ligand which is selected from a group consist-
ing of a phosphate ligand, a thiol ligand and a car-
boxylic acid ligand.

14. The quantum dot light-emitting device according to
any one of claims 2, 5, 7 and 8, wherein the thermally
activated delayed fluorescence material forms an
energy transfer layer at one side or both sides of the
light-emitting layer; the energy transfer layer is in
contact with the light-emitting layer; and the energy
transfer layer has a thickness of from about 3 nm to
about 80 nm.

15. The quantum dot light-emitting device according to
any one of claims 2, 5, 7 and 8, further comprising
at least one of the following two structures:

a hole injection layer, a hole transport layer and
a hole blocking layer which are sequentially dis-
posed between the anode layer and the light-
emitting layer; and
an electron injection layer, an electron transport
layer and an electron blocking layer which are
sequentially disposed between the cathode lay-
er and the light-emitting layer.

16. The quantum dot light-emitting device according to
any one of claims 2, 5, 7 and 8, wherein the base
substrate is an array substrate, and the anode layer
is electrically connected with a switch element of the
array substrate.

17. A method for fabricating a quantum dot light-emitting
device, comprising:

providing a base substrate; and
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forming a first electrode layer, a light-emitting
layer, a second electrode layer and an encap-
sulation layer sequentially on the base sub-
strate, wherein the light-emitting layer compris-
es a quantum dot light emitting material;
and the method further comprises disposing a
fluorescent material between the first electrode
layer and the second electrode layer, wherein
one of the first electrode layer and the second
electrode layer is an anode layer, and the other
of the first electrode layer and the second elec-
trode layer is a cathode layer.

18. The method according to claim 17, wherein the flu-
orescent material comprises a thermally activated
delayed fluorescence material.

19. The method according to claim 17 or 18, wherein
disposing a fluorescent material between the first
electrode layer and the second electrode layer com-
prises at least one of the following two conditions:

the fluorescent material is codoped with the
quantum dot light-emitting material to form the
light-emitting layer; and
the fluorescent material forms an energy trans-
fer layer at one side or both sides of the light-
emitting layer, and the energy transfer layer is
in contact with the light-emitting layer.

20. A display substrate, comprising quantum dot light-
emitting devices according to any one of claims 1 to
16, wherein the quantum dot light-emitting devices
are arranged in an array.

21. A display apparatus, comprising the display sub-
strate according to claim 20.
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