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(57) ABSTRACT

An organic electroluminescent device, a preparation method
thereof, and a display apparatus thereof. The organic elec-
troluminescent device includes an organic light emitting
layer, the organic light emitting layer includes a host mate-
rial and a resonance-type thermally activated delayed fluo-
rescence material; the host material is an exciplex; a singlet
energy level of the exciplex is greater than a singlet energy
level of the resonance-type thermally activated delayed
fluorescence material, and a triplet energy level of the
exciplex is greater than a triplet energy level of the reso-
nance-type thermally activated delayed fluorescence mate-
rial. The present application can overcome the defects of
short device lifetime and wide spectrum caused by using
conventional TADF materials for emitting light at present.
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ORGANIC ELECTROLUMINESCENT
DEVICE AND PREPARATION METHOD AND
DISPLAY APPARATUS THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of Inter-
national Application No. PCT/CN2019/080614, filed on
Mar. 29, 2019, which claims priority to Chinese Patent
Application No. 201811015674.3, filed on Aug. 31, 2018.
The contents of the above identified applications are incor-
porated herein by reference in their entireties.

FIELD

[0002] The present application relates to the field of
organic electroluminescent technology, and in particular, to
an organic electroluminescent device, and a preparation
method and a display apparatus thereof.

BACKGROUND

[0003] Organic light emitting diode (OLED) is a device
for achieving the purpose of light emitting by current drive.
Its main characteristics are derived from an organic light
emitting layer therein. When an appropriate voltage is
applied, electrons and holes combine in the organic light
emitting layer to generate excitons and emit light of different
wavelengths according to the characteristics of the organic
light emitting layer. At this stage, the light emitting layer is
composed of a host material and a doping dye, and the dye
is mostly selected from traditional fluorescent materials and
traditional phosphorescent materials. Specifically, tradi-
tional fluorescent materials have the defect that triplet exci-
tons cannot be used, and although traditional phosphores-
cent materials can achieve singlet exciton transition to triplet
state by introducing a heavy metal atom, such as iridium or
platinum, to achieve 100% energy use efliciency. However,
heavy metals such as iridium and platinum are very scarce,
expensive and easily cause environmental pollution, so
phosphorescent materials cannot become the first choice for
dyes.

[0004] Thermally activated delayed fluorescence (TADF)
materials, compared with traditional phosphorescent mate-
rials and traditional fluorescent materials, can realize a
reverse intersystem crossing from the triplet excitons to the
singlet state by absorbing ambient heat, and then emit
fluorescence from the singlet state, thereby achieving 100%
utilization of excitons, without the aid of any heavy metal.
Therefore, currently, 100% energy use efliciency is mainly
achieved by doping a host material with the TADF material.
However, most TADF materials also have certain defects,
such as excessively wide luminescence spectrum, large
device roll-off, and short lifetime.

SUMMARY

[0005] The present application provides an organic elec-
troluminescent device and a preparation method thereof, and
a display apparatus thereof. An organic light emitting layer
of the device uses an exciplex as a host material to sensitize
a resonance-type TADF dye to emit light, thereby overcom-
ing the defects of short device lifetime, large efficiency
roll-off, and poor color purity caused by the use of tradi-
tional TADF materials for light-emitting at present.
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[0006] The present application provides an organic elec-
troluminescent device including an organic light emitting
layer, the organic light emitting layer including a host
material and a resonance-type thermally activated delayed
fluorescence material; the host material is an exciplex; and
a singlet energy level of the exciplex is greater than a singlet
energy level of the resonance-type thermally activated
delayed fluorescence material, and a triplet energy level of
the exciplex is larger than a triplet energy level of the
resonance-type thermally activated delayed fluorescence
material.

[0007] Optionally, the resonance-type thermally activated
delayed fluorescence material has a structure represented by
formula [1]:

Formula [1]
MZ

A—FX—M,

[0008] wherein, X is independently selected from one
of B, P, P—=0, P—S, and SiR ; R, is selected from H,
a substituted or unsubstituted C,-C;,4 alkyl, a substi-
tuted or unsubstituted C4-C,,, aryl, or a substituted or
unsubstituted C;-Cs, heteroaryl,

[0009] A is selected from a substituted or unsubstituted
C4-Cy, aryl, a substituted or unsubstituted C;-C,, het-
eroaryl, or a substituted or unsubstituted C4-C,, ary-
lamino;

[0010] M'and M? are each independently selected from
H, a substituted or unsubstituted C,-C;, alkyl, a sub-
stituted or unsubstituted C4-C,,, aryl, or a substituted or
unsubstituted C;-Cs, heteroaryl,

[0011] at least three of adjacent X, A, M', M? are
connected to form a ring, and X is included in the ring;

[0012] a is an integer of 1 to 12; preferably, a is an
integer of 1 to 6;

[0013] when substituents are present in the above
groups, the substituents are each independently
selected from one or more of halogen, cyano, C,-C,
alkyl, C,-C, alkenyl, C,-C, alkoxy or thioalkoxy,
Cs-Cyp aryl and C;5-C;) heteroaryl.

[0014] Optionally, three of adjacent X, A, M*, and M are
connected to form a six-membered ring containing two
heteroatoms; the heteroatoms are selected from two of B, P,
Si, O, S, N, and Se.

[0015] Optionally, the resonance-type thermally activated
delayed fluorescence material has a molecular weight of
200-2000.

[0016] Optionally, a is an integer of 1 to 6.

[0017] Optionally, the resonance-type thermally activated
delayed fluorescence material is a compound represented by
one of general formulae (F-1) to (F-29) in the present
application, and in the general formulae (F-1) to (F-29), R is
independently selected from one or more of H, halogen,
cyano, C,-C,0 alkyl, C,-C; alkenyl, C,-C, alkoxy or thio-
alkoxy, C¢-Cyq aryl, and C;-C,, heteroaryl; Y is indepen-
dently selected from O, S, or Se.

[0018] Optionally, the resonance-type thermally activated
delayed fluorescence material is a compound represented by
one of (M-1) to (M-72) of the present application.

[0019] Optionally, the exciplex includes an electron donor
type material and an electron acceptor type material.
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[0020] Optionally, an energy level difference between a
singlet state and a triplet state of the exciplex is not higher
than 0.15 ev.

[0021] Optionally, the electron donor type material is a
compound having a hole-transport property containing at
least one group of carbazolyl, arylamino, silicon group,
fluorenyl, dibenzothiophenyl, and dibenzofuranyl.

[0022] Optionally, the electron donor type material is a
compound represented by one of (D-1) to (D-19) of the
present application.

[0023] Optionally, the electron acceptor type material is a
compound having electron transport property containing at
least one group of pyridyl, pyrimidyl, triazinyl, imidazolyl,
o-phenanthrolinyl, sulfonyl, heptazinyl, oxadiazolyl, cyano,
and diphenylphosphonyl.

[0024] Optionally, the electron acceptor type material is a
compound represented by one of (A-1) to (A-33) of the
present application.

[0025] Optionally, in the exciplex, a mass ratio of the
electron donor type material to the electron acceptor type
material is 1:9 to 9:1.

[0026] Optionally, in the exciplex, a mass ratio of the
electron donor type material to the electron acceptor type
material is 1:1.

[0027] Optionally, the exciplex has a mass ratio (doping
concentration) of 1 wt % to 99 wt % in the organic light
emitting layer.

[0028] Optionally, the resonance-type thermally activated
delayed fluorescence material has a mass ratio (doping
concentration) of 0.1 wt % to 50 wt % in the organic light
emitting layer.

[0029] The present application also provides a preparation
method of an organic electroluminescent device including
the following step: forming an organic light emitting layer
by co-evaporation of a host material source and a resonance-
type thermally activated delayed fluorescence material
source; the host material is an exciplex.

[0030] The present application further provides a display
apparatus including any one of the organic electrolumines-
cent materials described above.

[0031] The organic electroluminescent device of the pres-
ent application uses an exciplex as a host material to
sensitize a resonance-type TADF material to emit light.
When holes and electrons are recombined, both singlet
excitons and triplet excitons of the exciplex can be used and
transferred to the singlet and triplet energy levels of the
resonance-type TADF material, respectively. At the same
time, because the resonance-type TADF material can
undergo an inverse intersystem crossing, it can emit light by
making use of both singlet excitons and excitons transition-
ing from the triplet state to their own singlet state. In
addition, since the exciplex of the host material can convert
a part of its triplet energy into singlet state, suppressing the
Dexter energy transfer process, and promoting Foster energy
transfer. Therefore, the light emitting efficiency of the
organic electroluminescent device of the present application
is effectively improved, and meanwhile the efficiency roll-
off caused by too long lifetime of triplet state under high
brightness is also reduced. Moreover, the exciplex, in addi-
tion to being the host material, can balance the transport of
carriers in the light-emitting layer, widen the recombination
region of the excitons, and further reduce the efliciency
roll-off. At the same time, the resonance-type TADF material
used in the present application does not have obvious
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intra-molecular electron transfer, so it is beneficial to narrow
the spectrum and improve the color purity of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a schematic structural diagram of an
organic electroluminescent device of the present application.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0033] FIG. 1 is a schematic structural diagram of an
organic electroluminescent device of the present application.
As shown in FIG. 1, the organic electroluminescent device
of the present application includes an anode 2, a hole
transporting region 3, an organic light emitting layer 4, an
electron transporting region 5 and a cathode 6, which are
sequentially deposited on a substrate 1.

[0034] Specifically, the substrate 1 may be made of glass
or a polymer material having excellent mechanical strength,
thermal stability, water resistance, and transparency. In
addition, the substrate 1 may be provided with a thin film
transistor (TFT).

[0035] The anode 2 can be formed by sputtering or depos-
iting an anode material on the substrate 1, where the anode
material can be oxide transparent conductive materials such
as indium tin oxide (ITO), indium zinc oxide (IZO), tin
dioxide (SnO,), zinc oxide (ZnO) and any combination
thereof; the cathode 6 can be metals or alloys such as
magnesium (Mg). silver (Ag), aluminum (Al), aluminum-
lithium (Al—L1), caleium (Ca), magnesium-indium (Mg—
In), magnesium-silver (Mg—Ag) and any combination
thereof.

[0036] Organic material layers of the hole transporting
region 3, the organic light emitting layer 4, and the electron
transporting region 5 can be sequentially prepared on the
anode 2 by methods such as vacuum thermal evaporation,
spin coating, and printing. Among them, compounds used as
the organic material layers may be organic small molecules,
organic macromolecules and polymers, and combinations
thereof.

[0037] Hereinafter, the organic light emitting layer 4 will
be described in detail.

[0038] Most of TADF materials as a dye for emitting light
have certain defects. For example, due to the intramolecular
charge transfer of the TADF materials, the electrolumines-
cence spectrum is often too wide and the light color is not
pure. At the same time, due to the higher energy level of
triplet state and the long lifetime of triplet excitons of the
TADF materials, the device has large roll-off, short lifetime
etc. In addition, most of host materials have the character-
istics of unipolar transport, resulting in uneven transfer of
electrons and holes in the light emitting layer, and also cause
severe efficiency roll-off at high brightness, and poor spec-
tral stability.

[0039] In view of this, the organic light emitting layer of
the present application includes a host material and a reso-
nance-type thermally activated delayed fluorescence mate-
rial; the host material is an exciplex; a singlet energy level
of the exciplex is greater than a singlet energy level of the
resonance-type thermally activated delayed fluorescence
material, a triplet energy level of the exciplex is greater than
a triplet energy level of the resonance-type thermally acti-
vated delayed fluorescence material.
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[0040] The host material of the present application is the
exciplex, which has a thermally activated delayed fluores-
cence effect, that is, the triplet excitons of the exciplex can
transition to a singlet state by absorbing ambient heat, that
is, having an inverse intersystem crossing.

[0041] The resonance-type TADF material of the present
application emits light as a dye. Since the resonance-type
TADF molecules mostly have a planar aromatic rigid struc-
ture, the material has a stable structure. In resonance-type
TADF molecules, different resonance effects of different
atoms lead to a spatial separation between HOMO and
LUMO on different atoms, having a small overlap area,
which leads to a small energy level difference between the
singlet state and triplet state of resonance-type TADF. Thus,
the resonance-type TADF material can undergo reverse
intersystem crossing. Specifically, the energy level differ-
ence between the singlet state and triplet state of the reso-
nance-type TADF of the present application is less than or
equal to 0.3 eV, and the reverse intersystem crossing can
occur by absorbing ambient heat. At the same time, there is
no obvious donor group and acceptor group in the reso-
nance-type TADF molecules, so the resonance-type TADF
molecules have a weak intramolecular charge transfer and a
high stability.

[0042] In the present application, the singlet energy level
of the host material is greater than the singlet energy level
of the resonance-type TADF, and the triplet energy level of
the host material is greater than the triplet energy level of the
resonance-type TADF. Therefore, after the organic electrolu-
minescent device being electrically excited, since the host
material is the exciplex with thermally activated delayed
fluorescence property, the triplet excitons of the host mate-
rial will transition to the singlet state of the host material,
and then energy will be transferred from the singlet state of
the host material to the singlet state of the resonance-type
TADF, and the triplet excitons of the resonance-type TADF
also undergo inverse intersystem crossing to the singlet state
thereof, and finally the energy of the singlet state and triplet
state in the organic electroluminescent device are both fully
utilized, improving light emitting efficiency of the organic
electroluminescent device; at the same time, since the host
material can convert its excitons from triplet state to the
singlet state, the Dexter energy transfer between the host
material and the resonance-type dye is effectively sup-
pressed, increasing the Foster energy transfer process.
Therefor the present application can effectively reduce the
concentration of triplet excitons, thereby solving the prob-
lem of serious roll-off decline at high brightness, effectively
increasing the stability of the organic electroluminescent
device.

[0043] At the same time, the present application uses
resonance-type TADF as a dye to emit light. There is no
obvious intramolecular charge-transfer excited state inside
the resonance-type TADF molecules, so a narrow lumines-
cence spectrum can be obtained.

[0044] The present application innovates the composition
of the organic light emitting layer, making the exciplex as
the host material to sensitize the resonance-type TADF. This
can not only improve the lifetime of the organic electrolu-
minescent device, reduce roll-off, narrow the spectrum, but
also have a very important significance for industrial appli-
cations.

[0045] In order to further reduce the roll-off efficiency of
the device, it is preferred that the exciplex has a mass ratio
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of 1 wt % to 99 wt % in the organic light emitting layer; the
resonance-type thermally activated delayed fluorescence
material has a mass ratio of 0.1 wt %-50wt % in the organic
light emitting layer.

[0046] Further, the above-mentioned resonance-type ther-
mally activated delayed fluorescence material has a structure
represented by formula [1]:

formula [1]
M2

A—FX—M",

[0047] where, X is independently selected from one of B,
P,P—0,P—=S, and SiR ; R, is selected from H, a substituted
or unsubstituted C,-C;; alkyl, a substituted or unsubstituted
Cs-Cy aryl, or a substituted or unsubstituted C5-Cy, het-
eroaryl; A is selected from a substituted or unsubstituted
Cs-Cyo aryl, a substituted or unsubstituted C,-C,, het-
eroaryl, or a substituted or unsubstituted C4-C,,, arylamino;
M' and M? are each independently selected from H, a
substituted or unsubstituted C,-C alkyl, a substituted or
unsubstituted C¢-Cy, aryl, or a substituted or unsubstituted
C,-C,, heteroaryl; at least three of adjacent X, A, M, M are
connected to form a ring, and X included in the ring; a is an
integer of 1 to 12; when substituents are present in the above
groups, the substituents are each independently selected
from one or more of halogen, cyano, C,-C,, alkyl, C,-C,
alkenyl, C,-C alkoxy or thioalkoxy, C4-C,, aryl and C;-C,,
heteroaryl.

[0048] It can be understood that when X is independently
selected from P—O and P—S, Pis connected to M' and M2,
respectively; when X is selected from SiR;, Si is connected
to M* and M?, respectively.

[0049] 1t should be emphasized that in the structure of
formula [1], a X, M', and M? can be selected independently
of each other, that is, each unit containing X, M", and M can
be the same or different, and M* and M? in each unit may be
the same or different. Furthermore, in the resonance-type
TADF of the present application, at least one ring is formed
by connection of at least three of adjacent X, A, M, and M?,
and X is included in the ring.

[0050] Further, in the resonance-type TADF represented
by formula [1] of the present application, three of adjacent
X, A, M', and M? are connected to form a six-membered
ring containing two heteroatoms; the heteroatoms are
selected from two of B, P, Si, O, S, N, and Se.

[0051] Specifically, adjacent X, A, and M* may be con-
nected to form a six-membered ring containing two heteroa-
toms, adjacent X, A, and M* may be connected to form a
six-membered ring containing two heteroatoms, adjacent X,
M and M? can be connected to form a six-membered ring
containing two heteroatoms.

[0052] It can be understood that one heteroatom in the
six-membered ring comes from X, that is, it may specifically
be B, P, Si, and the other heteroatom is selected from one of
0, S, N, and Se. When the other heteroatom is N, since the
N atom is trivalent, in addition to being connected to a H
atom, the N atom may be connected to an alkyl substituent,
and specifically, the alkyl substituent is one or more of
cyano, C,-C,, alkyl or cycloalkyl, C,-C¢ alkenyl or
cycloalkenyl, C,-C, alkoxy or thioalkoxy, C4-C;, aryl, and
C;-Cy, heteroaryl.
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[0053] As a preferred embodiment, a resonance-type
TADF material with a molecular weight of 200-2000 is
selected as a dye in the present application, and if the
resonance-type TADF material has a too large molecule, it
is not beneficial to evaporation in an actual operation
process.

[0054] As an implementation, the molecular weight of the
resonance-type TADF can be controlled by defining a to an
integer of 1 to 6, that is, the resonance-type TADF of the
present application may include 1-6 units having X, M*, and
M>.

[0055] Preferably, the resonance-type TADF material of
the present application may have a structure represented by
one of the following general formulae (F-1) to (F-29):
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[0056] R is independently selected from one or more of H,
halogen, cyano, C,-C,0 alkyl, C,-C; alkenyl, C,-C; alkoxy
or thioalkoxy, C4-C,, aryl, and C;-Cs, heteroaryl;

[0057] Y is independently selected from O, S, or Se.
[0058] Preferably, the resonance-type thermally activated
delayed fluorescence material of the present application is a
compound having one of the following structures:

M-1 M-2
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[0059] Further, the host material exciplex of the present
application is composed of a mixture of a hole type material
(electron donor type material) and an electron type material
(electron acceptor type material), where the triplet energy
level of the electron acceptor type material is greater than the
triplet energy level of the exciplex, the triplet energy level of
the electron donor type material is greater than the triplet
energy level of the exciplex, and the singlet energy level of
the electron acceptor type material is greater than the singlet
energy level of the exciplex, the singlet energy level of the
electron donor type material is greater than the singlet
energy level of the exciplex. Therefore, the exciplex not only
has the thermally activated delayed fluorescence effect,
which enables its own triplet excitons to be effectively used,
but also has simultaneous existence of provision and recep-

g
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tion of the electrons in the organic light emitting layer,
which can effectively balance transport of carriers and widen
recombination regions of the excitons, thereby effectively
reducing the efliciency roll-off and helping to maintain the
stability of the organic electroluminescent device. In order to
more easily realize the inverse intersystem crossing of the
exciplex, an exciplex that an energy level difference between
the singlet state and the triplet state is <0.15 eV may be
preferred as the host material.

[0060] Where the electron donor type material is a com-
pound having a hole-transport property containing at least
one group of carbazolyl, arylamino, silicon group, fluorenyl,
dibenzothiophenyl, and dibenzofuranyl.

[0061] Specifically, the electron donor type material may
be, but is not limited to, a compound selected from one of
the following structures:
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[0062] Where the electron acceptor type material is a
compound having electron transport property containing at
least one group of pyridyl, pyrimidyl, triazinyl, imidazolyl,
o-phenanthrolinyl, sulfonyl, heptazinyl, oxadiazolyl, cyano,
and diphenylphosphonyl.
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[0063] Specifically, the electron acceptor type material _continued
may be, but is not limited to, a compound selected from one

. (A-5)
of the following structures:
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[0064]

In addition, in the exciplex, a mass ratio of the
electron donor type material to the electron acceptor type
material is 1:9 to 9:1. Under this doping ratio, transports of
holes and carriers can be effectively balanced to achieve a
bipolar transport effect, thereby optimizing the roll-off and
lifetime of the device.

[0065] Still referring to FIG. 1, the hole transporting
region 3, the electron transporting region 5, and the cathode
6 of the present application will be described. The hole
transporting region 3 is located between the anode 2 and the
organic light emitting layer 4. The hole transporting region
3 may be a single-layered hole transporting layer (HTL),
including a single-layer hole transporting layer containing
only one compound and a single-layer hole transporting
layer containing a plurality of compounds. The hole trans-
porting region 3 may also have a multilayer structure
including at least two layers of a hole injection layer (HIL),
a hole transport layer (HTL), and an electron blocking layer
(EBL).

[0066] The material of the hole transporting region 3
(including HIL, HTL, and EBL) may be selected from, but
not limited to, phthalocyanine derivatives such as CuPc,
conductive polymers, or polymers containing conductive
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dopants such as polyphenylene vinylene, polyaniline/dode- _continued
cylbenzenesulfonic acid (Pani’'DBSA), poly(3,4-ethylenedi-
oxythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS),
polyaniline/camphorsulfonic acid (Pani/CSA), polyaniline/
poly(4-styrenesulfonate)  (Pani/PSS), aromatic amine
derivative.

o

[0067] Where the aromatic amine derivative is a com-
pound represented by the following HT-1 to HT-34. If the
material of the hole transporting region 3 is an aromatic
amine derivative, it may be one or more of the compounds
represented by HT-1 to HT-34:
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[0068] The hole injection layer is located between the
anode 2 and the hole transporting layer. The hole injection
layer may be of a single compound material or a combina-
tion of a plurality of compounds. For example, the hole
injection layer may use one or more compounds of the
aforementioned HT-1 to HT-34, or one or more compounds
of the following HI1-HI3; or it may use one or more
compounds of HT-1 to HT-34 doping with one or more
compounds of the following HI1-HI3:

HI-1

NC CN

NC

CN
HI-2
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[0069] The electron transporting region 5 may be a single-
layered electron transporting layer (ETL), including a
single-layer electron transporting layer containing only one
compound and a single-layer electron transporting layer
containing a plurality of compounds. The electron transport-
ing region 5 may have a multilayer structure including at
least two of an electron injection layer (EIL), an electron
transporting layer (ETL), and a hole blocking layer (HBL).
[0070] In one aspect of the present application, the mate-
rial of the electron transporting layer may be selected from,
but not limited to, one or a combination of more of ET-1 to
ET-57 listed below:
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[0071] The structure of the organic electroluminescent
device may further include an electron injection layer
located between the electron transporting layer and the
cathode 6, and the material of the electron injection layer
includes, but is not limited to, one or a combination of more
of the listed below:

[0072] LiQ, LiF, NaCl, CsF, Li,0, Cs,CO,, BaO, Na, Li,
and Ca.
[0073] Thicknesses of the above-mentioned layers can

adopt conventional thicknesses of these layers in the art.
[0074] The present application also provides a preparation
method of the organic electroluminescent device. Taking
FIG. 1 as an example, the method includes sequentially
depositing an anode 2, a hole transporting region 3, an
organic light emitting layer 4, an electron transporting
region 5, and a cathode 6 on a substrate 1, then encapsulating
them. Where when preparing the organic light emitting layer
4, the organic light emitting layer 4 is formed by a co-
evaporation method of an electron donor type material
source, an electron acceptor type material source, and a
resonance-type TADF material source.

[0075] Specifically, the preparation method of the organic
electroluminescent device of the present application
includes the following steps:

[0076] 1. sonicating a glass plate coated with an anode
material in a commercial cleaning agent, rinsing in deion-
ized water, ultrasonically degreasing in a mixed solvent of
acetone: ethanol, and baking in a clean environment to
completely remove water, cleaning with UV light and ozone
and performing a surface bombardment with a low-energy
cation beam;

[0077] 2. placing the above glass plate with an anode in a
vacuum chamber, and evacuating to 1x107>~9x10~> Pa, and
vacuum-evaporating a hole injection layer on this anode
layer film with an evaporation rate of 0.1-0.5 nm/s;

[0078] 3. vacuum-evaporating a hole transporting layer on
the hole injection layer with an evaporation rate of 0.1-0.5
nm/s;

[0079] 4. vacuum-evaporating an organic light emitting
layer of the device on the hole transporting layer, the organic
light emitting layer including a host material and a reso-
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nance-type TADF dye, and using a multi-source co-evapo-
ration method to adjust an evaporation rate of the host
material and an evaporation rate of the dye so that the dye
reaches a preset doping ratio;

[0080] 5. vacuum-evaporating a material of an electron
transporting layer of the device on the organic light emitting
layer with an evaporation rate of 0.1-0.5 nm/s;

[0081] 6. vacuum-evaporating LiF as an electron injection
layer on the electron transporting layer at an evaporation rate
of 0.1-0.5 nm/s, and vacuum-evaporating an Al layer as a
cathode of the device at an evaporation rate of 0.5-1 nm/s.
[0082] An embodiment of the present application further
provides a display apparatus, including the organic elec-
troluminescent device provided as described above. The
display apparatus may specifically be a display device such
as an OLED display, and any product or component includ-
ing the display device and having a display function, such as
a television, a digital camera, a mobile phone, a tablet
computer, etc. This display apparatus has the same advan-
tages as the above-mentioned organic electroluminescent
device over the prior art, and is not repeated here.

[0083] The organic electroluminescent device of the pres-
ent application is further described below by specific
embodiments.

[0084] Embodiment 1

[0085] The device of the present embodiment has a struc-
ture as follows:

[0086] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-1:A-6=1:9):

20 wt %M-20 (30 nm)ET-53 (30 nm)/LiF (0.5 nm)/A1(150
nm)

[0087] Where the anode is ITO; the material of the hole
injection layer is HI-2, and the total thickness is generally
5-30 nm, and specifically is 10 nm in the present embodi-
ment; the material of the hole transporting layer is HT-27,
and the total thickness is generally 5-50 nm, and specifically
is 40 nm in the present embodiment; the host material of the
organic light emitting layer is an exciplex, where a mass
ratio of D-1 to A-6 is 1:9, and the dye is a resonance-type
TADF material M-20 with a doping concentration of 20 wt
%, the thickness of the organic light emitting layer is
generally 1-60 nm, and specifically is 30 nm in the present
embodiment; the material of the electron transporting layer
is ET-53, with a thickness of generally 5-30 nm, and
specifically 30 nm in the present embodiment; materials of
the electron injection layer and the cathode are LiF (0.5 nm)
and metal aluminum (150 nm).

[0088] In addition, an energy level difference AE,,
between the singlet state and triplet state of the host material
and an energy level difference AE ;- between the singlet state
and triplet state of the resonance-type TADF dye are shown
in Table 1.

[0089] Embodiment 2

[0090] The device of the present embodiment has a struc-
ture as follows:

[0091] ITO/MHI-2 (10 nm)yHT-27 (40 nm)/(D-1:A-6=4:6):

20 wt % M-20 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al (150
nm)

[0092] Embodiment 3

[0093] The device of the present embodiment has a struc-
ture as follows:

[0094] ITO/MHI-2 (10 nm)HT-27 (40 nm)/(D-1:A-6=5:5):

20 wt % M-20 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al (150
nm)
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[0095] Embodiment 4

[0096] The device of the present embodiment has a struc-
ture as follows:

[0097] ITO/HI-2 (10 nm)yHT-27 (40 nm)/(D-1:A-6=6:4):
20 wt % M-20 (30 nmYET-53 (30 nm)/LiF (0.5 nm)/Al (150
nm)

[0098] Embodiment 5

[0099] The device of the present embodiment has a struc-
ture as follows:

[0100] ITO/HI-2 (10 nm)HT-27 (40 nm)/(D-1:A-6=1:9):
35 wt % M-20 (30 nmYET-53 (30 nm)/LiF (0.5 nm)/Al (150
nm)

[0101] Embodiment 6

[0102] The device of the present embodiment has a struc-
ture as follows:

[0103] ITO/HI-2 (10nm)/HT-27 (40 nm)/(D-1:A-10=2:8):
17 wt % M-24 (30 nm)ET-53 (30 nm)/LiF (0.5 nm)/Al (150
nm)

[0104] Embodiment 7

[0105] The device of the present embodiment has a struc-
ture as follows:

[0106] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-16:A-11=3:
7):0.6 wt % M-20 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al
(150 nm)

[0107] Embodiment 8

[0108] The device of the present embodiment has a struc-
ture as follows:

[0109] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-2:A-11=5:5):
40 wt % M-32 (30 nm)ET-53 (30 nm)/LiF (0.5 nm)/Al (150
nm)

[0110] Embodiment 9

[0111] The device of the present embodiment has a struc-
ture as follows:

[0112] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-1:A-13=4.5:
5.5):1 wt % M-32 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al
(150 nm)

[0113] Embodiment 10

[0114] The device of the present embodiment has a struc-
ture as follows:

[0115] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-1:A-17=9:
1):5 wt % M-40 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al
(150 nm)

[0116] Embodiment 11

[0117] The device of the present embodiment has a struc-
ture as follows:

[0118] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-3:A-26=6:4):
25 wt % M-44 (30 nm)ET-53 (30 nm)/LiF (0.5 nm)/Al (150
nm)

[0119] Embodiment 12

[0120] The device of the present embodiment has a struc-
ture as follows:

[0121] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-9:A-28=5.5:
4.5):30 wt % M-62 (30 nm)/ET-53 (30nm)/LiF (0.5 nm)/Al
(150 nm)

[0122] Embodiment 13

[0123] The device of the present embodiment has a struc-
ture as follows:

[0124] ITO/MHI-2 (10 nm)/HT-27 (40 nm)/(D-18:A-31=5.
5:45)10 wt % M-72 (30 nm)/ET-53 (30 nm)/LiF (0.5
nm)/Al (150 nm)
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[0125] Embodiment 14

[0126] The device of the present embodiment has a struc-
ture as follows:

[0127] ITO/HI-2 (10 nm)YHT-27 (40 nm)/(D-9:A-14=5.5:
4.5):6 wt % M-16 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al
(150 nm)

[0128] Embodiment 15

[0129] The device of the present embodiment has a struc-
ture as follows:

[0130] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-13:A-18=5.
5:45)12 wt % M-20 (30 nm)/ET-53 (30 nm)/LiF (0.5
nm)/Al (150 nm)

[0131] Embodiment 16

[0132] The device of the present embodiment has a struc-
ture as follows:

[0133] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-17:A-33=5.
5:4.5):15 wt % M-28 (30 nm)/ET-53 (30 nm)/LiF (0.5
nm)/Al (150 nm)

[0134] Embodiment 17

[0135] The device of the present embodiment has a struc-
ture as follows:

[0136] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-18:A-17=5.
5:4.5):8 wt % M-54 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al
(150 nm)

[0137] Embodiment 18

[0138] The device of the present embodiment has a struc-
ture as follows:

[0139] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-9:A-31=5.5:
4.5):9 wt % M-56 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al
(150 nm)

[0140] Embodiment 19

[0141] The device of the present embodiment has a struc-
ture as follows:

[0142] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-13:A-30=5.
5:4.5):10 wt % M-66 (30 nm)/ET-53 (30 nm)/LiF (0.5
nm)/Al (150 nm)

[0143] Embodiment 20

[0144] The device of the present embodiment has a struc-
ture as follows:

[0145] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-17:A-31=5.
5:4.5):5 wt % M-71 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al
(150 nm)

[0146] Comparative Example 1

[0147] The device of this present Comparative Example
has a structure as follows:

[0148] ITO/HI-2 (10 nm)/HT-27 (40 nm)/D-1:10 wt %
M-20 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al (150 nm)
[0149] Comparative Example 2

[0150] The device of this present Comparative Fxample
has a structure as follows:

[0151] ITO/HI-2 (10 nm)HT-27 (40 nm)/D-1:50 wt %
A-6 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al (150 nm)
[0152] Comparative Example 3

[0153] The device of this present Comparative Example
has a structure as follows:

[0154] ITO/HI-2 (10 nm)/HT-27 (40 nm)/D-2:10 wt %
M-32 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al (150 nm)
[0155] Comparative Example 4

[0156] The device structure of this Comparative Example
is shown below:

[0157] ITO/HI-2 (10 nm)/HT-27 (40 nm)/D-2:20 wt %
A-11=5:5) (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al (150
nm)
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[0158] Comparative Example 5

[0159] The device of this present Comparative Example
has a structure as follows:

[0160] ITO/HI-2 (10 nm)/HT-27 (40 nm)A-15:10 wt %
M-20 (30 nm)ET-53 (30 nm)/LiF (0.5nm)/Al (150 nm)
[0161] Comparative Example 6

[0162] The device structure of this Comparative Example
is shown below:

[0163] ITO/HI-2 (10 nm)/HT-27 (40 nm)/A-18:10 wt %
M-32 (30 nm)/ET-53 (30 nm)/LiF (0.5nm)/Al (150 nm)
[0164] Comparative Example 7

[0165] The device of this present Comparative Example
has a structure as follows:

[0166] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-2:A-11=5:5):
58 wt % M-40 (30 nm)'ET-53 (30 nm)/LiF (0.5 nm)/Al (150
nm)

[0167] Comparative Example 8

[0168] The device of this present Comparative Example

has a structure as follows:

[0169] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-2:A-11=5:5):
78 wt % M-32 (30 nm)ET-53 (30 nm)/LiF (0.5 nm)/Al (150
nm)

[0170] Comparative Example 9

[0171] The device of this present Comparative Example

has a structure as follows:

[0172] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-15:A-23=5:
5):10 wt % M-32 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al
(150 nm)

[0173] Comparative Example 10

[0174] The device of this present Comparative Example
has a structure as follows:

[0175] ITO/HI-2 (10 nm)/HT-27 (40 nm)/(D-15:A-24=5:
5):10 wt % M-32 (30 nm)/ET-53 (30 nm)/LiF (0.5 nm)/Al
(150 nm)
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TABLE 1-continued

A Egyofthe A Egr

host material of the dye
Embodiment 4 0.02 eV 0.11 eV
Embodiment $ 0.02 eV 0.11 eV
Embodiment 6 0.05 eV 0.12 eV
Embodiment 7 0.10 eV 0.11 eV
Embodiment 8 0.08 eV 0.20 eV
Embodiment 9 0.08 eV 0.20 eV
Embodiment 10 0.04 eV 0.21 eV
Embodiment 11 0.01 eV 0.08 eV
Embodiment 12 0.13 eV 0.13 eV
Embodiment 13 0.14 eV 0.14 eV
Embodiment 14 0.08 eV 0.22 eV
Embodiment 15 0.10 eV 0.11 eV
Embodiment 16 0.05 eV 0.19 eV
Embodiment 17 0.12 eV 0.21 eV
Embodiment 18 0.12 eV 0.20 eV
Embodiment 19 0.13 eV 0.14 eV
Embodiment 20 0.14 eV 0.12 eV
Comparative Example 7 0.08 eV 0.21 eV
Comparative Example 8 0.08 eV 0.20 eV
Comparative Example 9 021 eV 0.20 eV
Comparative Example 10 0.25 eV 0.20 eV

[0176] Test Example

[0177] 1. The following performance measurements were
performed on the organic electroluminescent devices (Em-
bodiments 1-20, Comparative Examples 1-10) prepared by
the above process: current, voltage, brightness, lumines-
cence spectrum, current efficiency, and external quantum
efficiency and other characteristics of the devices are tested
synchronously with a PR 655 spectral scanning luminance
meter and a Keithley K 2400 digital source meter system,
and the lifetime is tested by MC-6000.

[0178] 2. The lifetime test of LT90 is as follows: by setting
different test brightness, a brightness and lifetime decay
curve of the organic electroluminescent device is obtained,

IABLE 1 so as to obtain a lifetime value of the device under the
A Egpof the AEg, required decay brightness. That is, set the test brightness to
host material of the dye 5000 cd/m?, maintain a constant current, and measure the
Embodiment 1 002 oV 011 ov time for the brightness of the organic electroluminescent
Embodiment 2 0.02 6V 011 &V device to decrease to 4500 cd/m”, in hours.
Embodiment 3 0.02 eV 0.11 eV [0179] The above specific test results are shown in Table
2.
TABLE 2
Dye and Maximum external External quantum
doping quantum efficiency at Efficiency  Half-peak
Host material concentration  efficiency/100% 5000 cd/m>/100% roll-off width ~ LT90%h
Embodiment 1 D-1:A-6 = 1:9 20 wt % M-20 17.7 16.8 9.7% 38 80
Embodiment 2 D-1:A-6 = 4:6 20 wt % M-20 18.5 17.8 9.5% 38 87
Embodiment 3 D-1:A-6 = 5:5 20 wt % M-20 19.1 17.8 7.9% 3 105
Embodiment 4 D-1:A-6 = 6:4 20 wt % M-20 18.7 17.1 9.9% 3 85
Embodiment 5 D-1:A-6 = 1:9 35 wt % M-20 184 16.5 11.1% 3 89
Embodiment 6 D-1:A-10 = 2:8 17 wt % M-24 17.3 16.2 10.7% 36 73
Embodiment 7 D-16:A-11 = 3:7 0.6 wt % M-20 203 18.9 12.3% 38 70
Embodiment 8 D-2:A-11 = 5:5 40 wt % M-32 21.4 19.6 11.8% 35 75
Embodiment 9 D-1:A-13 = 4.5:5.5 1 wt % M-32 19.3 16.5 14.5% 35 100
Embodiment D-1:A-17 = 9:1 5 wt % M-40 19.2 16.8 12.5% 32 121
10
Embodiment D-3:A-26 = 64 25 wt % M-44 21.1 19.3 12.9% 36 90
11
Embodiment D-9:A-28 = 5545 30 wt % M-62 21.8 19.1 14.3% 34 85
12
Embodiment ~ D-18:A-31 = 5.5:4.5 10 wt % M-72 17.6 15.8 10.2% 37 91
13
Embodiment ~ D-9:A-14 = 5.5:4.5 6 wt % M-16 18.6 16.4 9.5% 37 85

14
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Dye and  Maximum external External quantum
doping quantum efficiency at Efficiency  Half-peak
Host material concentration  efficiency/100% 5000 cd/m?/100%  roll-off width  LT90?/h

Embodiment ~ D-13:A-18 = 5.5:45 12 wt % M-20 18.1 16.3 10.2% 39 83
15
Embodiment ~ D-17:A-33 = 5.5:45 15 wt % M-28 17.4 159 11.8% 40 77
16
Embodiment  D-18:A-17 = 5.5:45 8 wt % M-34 19.3 17.6 12.9% 39 76
17
Embodiment  D-9:A-31 =5.5:45 9 wt % M-36 20.1 183 13.2% 37 90
18
Embodiment  D-13:A-30 = 5.5:45 10 wt % M-66 17.9 15.6 11.8% 40 87
19
Embodiment  D-17:A-31 =35.5:45 5wt % M-71 18.0 16.6 10.6% 38 91
20
Comparative ~ D-1 10 wt % M-20 16.9 121 28.6% 40 48
Example 1
Comparative ~ D-1 50 wt % A-6 13.5 9.9 26.1% 78 20
Example 2
Comparative ~ D-2 10 wt % M-32 18.1 13.2 27.2% 39 39
Example 3
Comparative ~ D-2 20 wt % A-11 11.9 9.7 18.9% 82 12
Example 4
Comparative  A-15 10 wt % M-20 17.9 134 25.2% 39 48
Example 5
Comparative ~ A-18 10 wt % M-32 19.8 14.0 29.5% 40 36
Example 6
Comparative ~ D-2:A-11 =5:5 58 wt % M-40 18.3 155 17.1% 35 54
Example 7
Comparative ~ D-2:A-11 =5:5 78 wt % M-32 18.7 15.8 15.6% 35 52
Example 8
Comparative ~ D-15:A-23 = 5:5 10 wt % M-32 18.5 15.6 15.8% 36 43
Example 9
Comparative ~ D-15:A-24 = 5:5 10 wt % M-32 17.4 14.6 16.0% 35 39
Example 10
[0180] It can be seen from Table 2: device has a small efficiency roll-off under high brightness,

[0181] 1.Compared with Comparative Examples 1-10, the
technical solution provided in the present application, i.e.,
the organic electroluminescent device when the organic light
emitting layer is an exciplex as a host material and a
resonance-type TADF as a dye, has a small efficiency roll-off
under high brightness, and a narrow half-peak width, and
thus shows better color purity. At the same time, the device
has a long lifetime, and its overall characteristics are sig-
nificantly better than those of the Comparative Examples
1-10;

[0182] 2. According to Embodiments 1-4, it can be seen
that when a mass ratio of the electron donor type material to
the electron acceptor type material in the exciplex is 1:9 to
9:1, the device has good performances in roll-off, lifetime
and peak width; and when the mass ratio of the electron
donor type material and the electron acceptor type material
is 1:1. the performances are better;

[0183] 3. According to the comparison between Compara-
tive Examples 7-8 and Embodiments 1-20, it can be known
that the ratio of the host material in the organic light emitting
layer of the present application is 1 wt % -99 wt %, and the
ratio of the resonance-type thermally activated delayed
fluorescence material in the organic light emitting layer is
0.1 wt %-50 wt %, the device has better performances in
roll-off, lifetime, and peak width;

[0184] 4. According to the comparison between Compara-
tive Examples 9-10 and Embodiments 1-20, it can be seen
that when the energy level difference between the singlet and
triplet states of the exciplex of the present application is less
than or equal to 0.15 eV, the organic electroluminescent

a narrow half-peak width and a better color purity, and a long
device lifetime.

[0185] Finally, it should be noted that the above embodi-
ments are only used to describe technical solutions of the
present application, rather than limiting them present.
Although the present application has been described in detail
with reference to the foregoing embodiments, those skilled
in the art should understand that: the technical solutions
described in the foregoing embodiments may still be modi-
fied, or some or all of the technical features therein may be
equivalently replaced; and these modifications or replace-
ments do not deviate the essence of the corresponding
technical solutions from the scope of the technical solutions
of the embodiments of the present application.

What is claimed is:

1. An organic electroluminescent device, comprising: an
organic light emitting layer, wherein the organic light emit-
ting layer comprises a host material and a resonance-type
thermally activated delayed fluorescence material;

the host material is an exciplex;

a singlet energy level of the exciplex is greater than a
singlet energy level of the resonance-type thermally
activated delayed fluorescence material, and a triplet
energy level of the exciplex is larger than a triplet
energy level of the resonance-type thermally activated
delayed fluorescence material.

2. The organic electroluminescent device according to
claim 1, wherein the resonance-type thermally activated
delayed fluorescence material has a structure represented by
Formula [1]:



US 2020/0203610 A1
Formula [1]
l\ldz
A—X—M,
wherein

X is independently selected from one of B, P, P—0, P—S,
and SiR;; R, is selected from H, a substituted or
unsubstituted C,-C,4 alkyl, a substituted or unsubsti-
tuted C,;-C,, aryl, or a substituted or unsubstituted
C5-Cy, heteroaryl;

A is selected from a substituted or unsubstituted C4-Cs,
aryl, a substituted or unsubstituted C,-C;, heteroaryl,
or a substituted or unsubstituted C¢-Cs, arylamino;

M! and M? are each independently selected from H, a
substituted or unsubstituted C,-C, alkyl, a substituted
or unsubstituted C4-Cs, aryl, a substituted or unsubsti-
tuted C;-Cs,, heteroaryl;

at least three of adjacent X, A, M*, M? are connected to
form a ring, and the ring comprises X;

a is an integer of 1 to 12;

when substituents are present in the above groups, the
substituents are each independently selected from one
or more of halogen, cyano, C,-C,, alkyl, C,-C, alk-
enyl, C,-Cy alkoxy or thioalkoxy, Cs-C,, aryl and
C;-C,, heteroaryl.

3. The organic electroluminescent device according to
claim 2, wherein three of adjacent X, A, M', and M? are
connected to form a six-membered ring containing two
heteroatoms;

the heteroatoms are selected from two of B, P, 8i, O, S, N,
and Se.

4. The organic electroluminescent device according to
claim 3, wherein the resonance-type thermally activated
delayed fluorescence material has a molecular weight of
200-2000.

5. The organic electroluminescent device according to
claim 4, wherein a is an integer of 1 to 6.

6. The organic electroluminescent device according to
claim 3, wherein the resonance-type thermally activated
delayed fluorescence material is a compound having one of
the following general formulae:
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A A wherein R is independently selected from one or more of
|/ | TR H, halogen, cyano, C,-C,0 alkyl, C,-C; alkenyl, C,-C,
R e x x e alkoxy or thioalkoxy, C4-C,, aryl, and C,-C;, het-

eroaryl;
d Y is independently selected from O, S, or Se.
| 7. The organic electroluminescent device according to
o} claim 6, wherein the resonance-type thermally activated
delayed fluorescence material is a compound having one of
the following structures:
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8. The organic electroluminescent device according to
claim 1, wherein the exciplex comprises an electron donor
type material and an electron acceptor type material.

9. The organic electroluminescent device according to
claim 8, wherein an energy level difference between a
singlet state and a triplet state of the exciplex is less than or
equal to 0.15 ev.

Q\B X X
00,

N /@
B B

10. The organic electroluminescent device according to
claim 8, wherein the electron donor type material is a
compound having a hole-transport property containing at
least one group of carbazolyl, arylamino, silicon group,
fluorenyl, dibenzothiophenyl, and dibenzofuranyl.

11. The organic electroluminescent device according to
claim 10, wherein the electron donor type material is a
compound having one of the following structures:
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(D-19)

12. The organic electroluminescent device according to —continued
claim 8, wherein the electron acceptor type material is a
compound having electron transport property containing at
least one group of pyridyl, pyrimidyl, triazinyl, imidazolyl,
o-phenanthrolinyl, sulfonyl, heptazinyl, oxadiazolyl, cyano,
and diphenylphosphonyl.

(A-3)

13. The organic electroluminescent device according to
claim 12, wherein the electron acceptor type material is a
compound having one of the structures shown below:
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14. The organic electroluminescent device according to
claim 8, wherein in the exciplex, a mass ratio of the electron
donor type material to the electron acceptor type material is
1:9 to 9:1.

15. The organic electroluminescent device according to
claim 14, wherein in the exciplex, the mass ratio of the
electron donor type material to the electron acceptor type
material is 1:1.

16. The organic electroluminescent device according to
claim 1, wherein a mass ratio of the exciplex in the organic
light emitting layer is 1 wt % to 99 wt %.

17. The organic electroluminescent device according to
claim 1, wherein a mass ratio of the resonance-type ther-
mally activated delayed fluorescence material in the organic
light emitting layer is 0.1 wt % to 50 wt %.

18. A preparation method of an organic electrolumines-
cent device, comprising: forming an organic light emitting
layer by co-evaporation of a host material source and a
resonance-type thermally activated delayed fluorescence
material source, the host material being an exciplex.

19. A display apparatus comprising the organic electrolu-
minescent device according to claim 1.
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