US 20200220094A1

12 Patent Application Publication o) Pub. No.: US 2020/0220094 A1

a9y United States

MATSUSHIMA et al.

43) Pub. Date: Jul. 9, 2020

(54) HOST MATERIAL, FILM AND ORGANIC

LIGHT-EMITTING ELEMENT

(71)  Applicant: KYUSHU UNIVERSITY,
NATIONAL UNIVERSITY
CORPORATION, Fukuoka-shi,

Fukuoka (JP)

Inventors: Toshinori MATSUSHIMA,
Fukuoka-shi, Fukuoka (JP); Chihaya
ADACHI, Fukuoka-shi, Fukuoka (JP);
Chuanjiang QIN, Fukuoka-shi,
Fukuoka (JP); Sangarange Don Atula
SANDANAYAKA, Fukuoka-shi,
Fukuoka (JP); Fatima BENCHEIKH,
Fukuoka-shi, Fukuoka (JP); Takeshi
KOMINO, Fukuoka-shi, Fukuoka (JP)

(72)

(21) Appl. No.:  16/640,767

(22) PCT Filed: Jul. 24, 2018

P B R R A A A A A M A N

............

---------

.......

~

-

e

(86) PCT No.: PCT/JP2018/027757
§ 371 (e)D),
(2) Date: Feb. 21, 2020
(30 Foreign Application Priority Data
Aug. 24,2017 (IP) oo 2017-161660
Jun. 19,2018 (JP) oo 2018-116173
Publication Classification
(51) Imt.Cl
HOIL 51/50 (2006.01)
CO09K 11/06 (2006.01)
(52) US. CL
CPC ... HOIL 51/5024 (2013.01); CO9K 11/06
(2013.01)
(57) ABSTRACT

Using a perovskite-type compound, an inexpensive host
material having a high carrier mobility can be provided.
Using a perovskite-type compound as a host material, an
inexpensive organic light-emitting device having a high
emission efficiency can be realized.
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HOST MATERIAL, FILM AND ORGANIC
LIGHT-EMITTING ELEMENT

TECHNICAL FIELD

[0001] The present invention relates to a host material
usable as a material for a light-emitting layer of an organic
light-emitting device.

BACKGROUND ART

[0002] Studies for enhancing the light emission efficiency
of organic light-emitting devices such as organic electrolu-
minescent devices (organic EL devices) are being made
actively. In particular, as a result of intensive studies pro-
moted for materials of light-emitting layers of organic
electroluminescent devices, various organic compounds
usable in light-emitting layers have been developed. Here, a
light-emitting layer of an organic light-emitting device gen-
erally contains a dopant material that plays a role of light
emission and a host material that carries a function of carrier
transport for electrons and holes and a function of excited
energy transfer, in which a dopant is uniformly dispersed in
the host material. Of course, accordingly, not only charac-
teristics of a light-emitting material but also characteristics
such as carrier mobility through a host material have a
significant influence on the device characteristics of an
organic light-emitting device. From such viewpoints, as a
host material, various organic compounds having a carrier
transport performance such as mCBP represented by the
following formula have been proposed (for example, see
NPL 1).

N Q
Q N

mCBP

CITATION LIST

Non-Patent Literature

[0003] NPL 1: Shizuo Tokito, Chihaya Adachi and
Hideyuki Murata, “Yuki EL Display” (Orgamc EL Dis-
play) (Chmsha, Ltd.)

SUMMARY OF INVENTION

Technical Problem

[0004] However, the host materials that have been here-
tofore proposed in the art have some problems in that the
carrier mobility therethrough is low and therefore the light
emission efficiency of organic light-emitting devices could
not be increased up to a high level. In addition, already-
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existing host materials have relatively complicated chemical
structures and it takes a lot of work in producing them, and
therefore there occurs another inconvenience of expensive-
ness.

[0005] Given the situation and for solving the prior art
problems, the present inventors have promoted assiduous
studies for the purpose of providing inexpensive host mate-
rials having a high carrier mobility. In addition, the inventors
have further made assiduous investigations for realizing an
organic light-emitting device that is inexpensive and has a
high light emission efliciency.

Solution to Problem

[0006] As a result of assiduous studies, the present inven-
tors have found that a perovskite-type compound has a high
carrier mobility and can readily induce reverse intersystem
crossing from an excited triplet state to an excited singlet
state to efficiency produce a singlet exciton. With that, the
present inventors have further found that, when such a
perovskite compound is used as a host material in a light-
emitting layer, an organic light-emitting device having a low
drive voltage, having a high light emission efliciency and
excellent in operational stability. In addition, the present
inventors have found that a perovskite-type compound is an
ionic compound composed of an organic cation having a
relatively simple chemical structure, a divalent metal ion
and a halide ion, and can be produced in a simple process as
mentioned below, and therefore can realize an inexpensive
host material. The present invention is proposed here based
on such findings, and concretely has the following consti-
tution.

[1] A host material containing a perovskite-type compound.
[2] The host material according to [1], wherein the carrier
mobility through the perovskite-type compound is 1072 to
10> em*V-1s7t

[3] The host material according to [1] or [2], wherein the
perovskite-type compound is represented by the following
general formula (4):

A’BX, @

wherein A® represents an organic cation, B represents a
divalent metal ion, X represents a halide ion, and three X’s
may be the same as or different from each other.

[4] A film containing a perovskite-type compound and an
organic light-emitting material.

[5] The film according to [4], wherein the perovskite-type
compound is represented by the following general formula

(4):
A’BX, ()

wherein A® represents an organic cation, B represents a
divalent metal ion, X represents a halide ion, and three X’s
may be the same as or different from each other.

[6] The film according to [4] or [5], wherein the organic
light-emitting material emits light by the energy having
transferred from the perovskite-type compound.

[7] The film according to any one of [4] to [6], wherein the
organic light-emitting material is a compound having a
coumarin skeleton.

[8] The film according to any one of [4] to [7], wherein the
inclination of a single logarithmic chart on a graph where the
horizontal axis indicates a common logarithm of an excita-
tion light intensity and the vertical axis indicates a photolu-
minescence quantum yield is positive.
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[9] An organic light-emitting device having a light-emitting
layer that contains a perovskite-type compound and an
organic light-emitting material.

[10] The organic light-emitting device according to [9],
wherein the light-emitting layer is a film of any one of [4]
to [8].

[11] The organic light-emitting device according to [9] or
[10], which is an organic electroluminescent device.

Advantageous Effects of Invention

[0007] The host material of the present invention has a
high carrier mobility and is inexpensive. By constituting a
light-emitting layer using the host material of the present
invention and an organic light-emitting material, there can
be realized an organic light-emitting device having a low
drive voltage, having a high light emission efficiency and
excellent in operational stability, and the material cost for
the organic light-emitting device can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG. 1 This is a schematic cross-sectional view
showing an example of layer configuration of an organic
electroluminescent device.

[0009] FIG. 2 This shows an emission spectrum of each
thin film formed in Example 1, Comparative Example 1 and
Comparative Example 2.

[0010] FIG. 3 This shows a transient decay curve of light
emission from each thin film formed in Example 1, Com-
parative Example 1 and Comparative Example 2.

[0011] FIG. 4 This is a graph showing an excitation light
intensity-dependent PL quantum yield of each thin film
formed in Example 1 and Comparative Example 1.

[0012] FIG. 5 This is a graph showing a Coumarin 153
concentration-dependent PL quantum yield at a low excita-
tion light intensity (10™* mW/cm?) of a thin film having a
perovskite-type compound as a host material and a thin film
having mCBP as a host material.

[0013] FIG. 6 This is a graph showing a current density-
voltage characteristic of a hole transport device and an
electron transport device.

[0014] FIG. 7 This shows an emission spectrum of each
organic electroluminescent device produced in Example 2
and Comparative Example 3.

[0015] FIG. 8 This shows an emission spectrum of the
organic electroluminescent device produced in Example 2,
as measured at a varying current density.

[0016] FIG. 9 This is a graph showing a current density-
voltage characteristic of each organic electroluminescent
device produced in Example 2 and Comparative Example 3.
[0017] FIG. 10 This is a graph showing a luminance-
voltage characteristic of each organic electroluminescent
device produced in Example 2 and Comparative Example 3.
[0018] FIG. 11 This is a graph showing an external quan-
tum efliciency-current density characteristic of each organic
electroluminescent device produced in Example 2 and Com-
parative Example 3.

[0019] FIG. 12 This is a graph showing an emission
intensity change with time in continuous driving of each
organic electroluminescent device produced in Example 2
and Comparative Example 3.

[0020] FIG. 13 This is a graph showing an emission
spectrum of each organic electroluminescent device pro-
duced in Example 3 and Example 4.
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[0021] FIG. 14 This is a graph showing a current density-
voltage characteristic of each organic electroluminescent
device produced in Example 3 and Example 4.

[0022] FIG. 15 This is a graph showing an external
quantum efficiency-current density characteristic of each
organic electroluminescent device produced in Example 3
and Example 4.

DESCRIPTION OF EMBODIMENTS

[0023] Hereafter, the present invention 1s described in
detail. As provided below, the constituent elements may be
described based on representative embodiments and specific
examples of the present invention, but the present invention
is not limited to such embodiments and specific examples.
As used herein, a numerical range expressed using “to”
means a range that includes the numerical values before and
after “to” as the minimum and maximum values, respec-
tively. As used herein, a “major constituent” refers to a
constituent that accounts for the largest portion of the
content of something. A hydrogen atom present in a com-
pound molecule used in the present invention is not particu-
larly limited in terms of isotopic species. For example, all
hydrogen atoms in a molecule can be 'H, or all or part of
them can be *H [heavy hydrogen (deuterium) D].

<Host Material>

[0024] The host material of the present invention contains
a perovskite-type compound.

[0025] The “perovskite-type compound” in the present
invention is an ionic compound composed of an organic
cation, a divalent metal ion and a halide ion, and can form
a perovskite-type crystal structure. The host material may be
composed of a perovskite-type compound alone, or may
contain any other component, but is preferably composed of
a perovskite-type compound as a major constituent. Here,
the wording “composed of a perovskite-type compound as a
major constituent” means that 51% by weight or more of the
host material is composed of a perovskite-type compound.

[0026] A perovskite-type compound has a relatively broad
band gap, in which, therefore, carriers tend to readily diffuse,
and which has a high carrier mobility. Consequently, using
a perovskite-type compound as a host material in a light-
emitting layer, an organic light-emitting device having a low
drive voltage and having a high light emission efficiency
(current efficiency) can be realized.

[0027] In addition, a perovskite-type compound is such
that the lowest excited singlet energy level S, and the lowest
excited triplet energy level T, are extremely close to each
other, and therefore, when having transited to an excited
triplet state, the compound readily undergoes reverse inter-
system crossing from the excited triplet state to an excited
singlet state. Consequently, using a perovskite-type com-
pound as a host material in a light-emitting layer, the most
material can efficiently form singlet excitons and the excited
singlet state energy is utilized for light emission of an
organic light-emitting device to provide a higher light emis-
sion efficiency.

[0028] Further, a perovskite-type compound can be syn-
thesized according to a simple method as compared with a
host material of an organic compound, and is therefore
inexpensive. Consequently, using a perovskite-type com-
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pound as a host material in a light-emitting layer, the
material cost for organic light-emitting devices can be
reduced.

[0029] In addition, a perovskite-type compound gives a
different absorption/emission spectrum depending on the
kind thereof, and therefore, by selecting a suitable kind
thereof, a perovskite-type compound can be used as a host
material having absorption/emission in a desired wavelength
region, and as having a high transparency, another advantage
of a perovskite-type compound is that its risk to lower light
emission from a light-emitting material to be combined with
the compound is low, that is, a perovskite-type compound
has a high applicability as a host material.

[0030] In addition, in the present invention, a perovskite-
type compound is used as a host material but not as a
light-emitting material, and therefore still another advantage
of the invention in that the operation of an organic light-
emitting device in continuous driving can be stabilized. This
may be considered to be because of the following reasons.
[0031] Specifically, in the case where a perovskite-type
compound is used as a light-emitting material, different from
the present invention, there is seen a phenomenon that the
emission intensity in continuous driving rapidly lowers. This
is presumed to be because in a high electric field, a per-
ovskite-type compound may be in an unstable excited state.
As opposed to this, in the present invention, a perovskite-
type compound is used as a host material, and therefore
when a perovskite-type compound has turned to an unstable
excited state, the excitation energy thereof transfers to a
light-emitting material and the unstable excited state of the
perovskite-type compound can be immediately solved.
Accordingly, it is presumed that the operational stability of
the organic light-emitting device can be improved.

[Perovskite-Type Compound]

[0032] The perovskite-type compound that the host mate-
rial in the present invention contains is an ionic compound
composed of an organic cation, a divalent metal ion, and a
halide ion, and can form a perovskite-type crystal structure.
The perovskite-type compound for use in the present inven-
tion may be a three-dimensional perovskite in which the
constituent ions are regularly arranged in three-dimensional
directions to form a perovskite-type structure, or may be a
two-dimensional perovskite that forms a layered structure in
which inorganic layers made of two-dimensionally arranged
inorganic frameworks each corresponding to the octahedral
portion in a perovskite-type structure, and organic layers
formed of oriented organic cations are alternately layered.
The perovskite-type compound includes compounds repre-
sented by the following general formulae (1) to (4). Among
these, compounds represented by the general formulae (1) to
(3) are compounds capable of forming a two-dimensional
perovskite structure, and compounds represented by the
general formula (4) are compounds capable of forming a
three-dimensional perovskite structure.

(Compound Represented by General Formula (1))

[0033]
ABX, )
[0034] In the general formula (1), A represents an organic

cation, B represents a divalent metal ion, and X represents
a halide ion. The two instances of A, or the four instances of
X, may be the same as each other or not.
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[0035] The compound represented by the general formula
(1) can form a layered structure composed of, as alternately
layered, an inorganic layer of two-dimensionally arranged
inorganic skeletons BX, corresponding to the octahedral
portion of a perovskite-type structure, and an organic layer
of two-dimensionally arranged oriented organic cations A,.
Here, the inorganic skeleton BX, has a structure where a
divalent metal ion B is arranged in the center of an octahe-
dron having a halide ion X at the corner thereof, and the
neighboring octahedrons share the corner. The organic cat-
ion A is oriented with the cationic group facing the organic
layer side. Four cationic groups above and below each
octahedron are the corners of a cubic crystal system, and the
corner of each octahedron is the face center of a cubic crystal
system to constitute a perovskite-type structure.

[0036] The organic cation represented by A is preferably
an ammonium represented by the general formula (5) below.

R N* G)

[0037] Inthe general formula (5), R represents a hydrogen
atom or a substituent, wherein at least one of the four
instances of R is a substituent with a carbon number of 2 or
more. Among the four instances of R, the number of
substituents with a carbon number of 2 or more is preferably
1 or 2, more preferably 1. Also, in the four instances of R that
constitute the ammonium, preferably one of them is a
substituent with a carbon number of 2 or more, and the rest
are hydrogen atoms. When two or more instances of R are
substituents, these substituents may be the same as each
other or not. The substituent with a carbon number of 2 or
more or any other substituent is not particularly limited, but
can be an alkyl group, an aryl group, a heteroaryl group, or
the like, wherein such a substituent can be further substituted
with an alkyl group, an aryl group, a heteroaryl group,
halogen, or the like. The number of carbons in the substitu-
ent with a carbon number of 2 or more as an alkyl group is
preferably 2 to 30, more preferably 2 to 10, further prefer-
ably 2 to 5. In an aryl group, it is preferably 6 to 20, more
preferably 6 to 18, further preferably 8 to 10. In a heteroaryl
group, it is preferably 5 to 19, more preferably 5 to 17,
further preferably 7 to 9. A heteroatom in the heteroaryl
group can be a nitrogen atom, an oxygen atom, a sulfur
atom, or the like. The thickness of the organic layer will
depend on the length of the substituent represented by R
(e.g., the chain length of the alkyl group), whereby the
characteristics of the functional layer formed from this
compound can be controlled.

[0038] Preferably, the organic cation represented by A has
at least one of an alkylene group and an aromatic ring,
preferably both of the alkylene group and the aromatic ring,
more preferably a structure formed by joining the alkylene
group to the aromatic ring, further preferably an ammonium
represented by the general formula (5a) below.

Ar(CH,), NH,* (5a)

[0039] In the general formula (5a), Ar represents an aro-
matic ring. nl is an integer from 1 to 20.

[0040] The aromatic ring in the organic cation may be an
aromatic hydrocarbon or an aromatic heterocycle, and is
preferably an aromatic hydrocarbon. A heteroatom in the
aromatic heterocycle can be a nitrogen atom, an oxygen
atom, a sulfur atom, or the like. The aromatic hydrocarbon
is: preferably a benzene ring, or a fused polycyclic hydro-
carbon that has a structure with more than one benzene ring
fused; preferably a benzene ring, naphthalene ring, phenan-
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threne ring, anthracene ring, chrysene ring, tetracene ring, or
perylene ring, preferably a benzene ring or naphthalene ring;
further preferably a benzene ring. The aromatic heterocycle
is: preferably a pyridine ring, pyrazine ring, pyrimidine ring,
pyridazine ring, pyrrole ring, thiophene ring, furan ring,
carbazole ring, or triazine ring; more preferably, a pyridine
ring, pyrazine ring, pyrimidine ring, or pyridazine ring;
further preferably, a pyridine ring. The aromatic ring in the
organic cation may have a substituent such as an alkyl group,
an aryl group, or a halogen atom (preferably a fluorine
atom), wherein a hydrogen atom in the aromatic ring or in
the substituent bond to the aromatic ring may be a heavy
hydrogen atom.

[0041] In the general formula (5a), nl is an integer from
1 to 20, preferably an integer from 2 to 10.

[0042] Besides an ammonium, the organic cation repre-
sented by A can be formamidinium, cesium, or the like.

[0043] The divalent metal ion represented by B can be
Cu**, Ni**, Mn*, Fe?*, Co**, Pd**, Ge**, Sn**, Pb**, Eu**,
or the like, and is preferably Sn** or Pb**, more preferably
Sn**.

[0044] The halide ion represented by X can be a fluoride,
chloride, bromide, or iodide ion. The halide ions represented
by three instances of X may be the same as each other, or
may be a combination of 2 or 3 different halide ions.
Preferably, the three instances of X are the same halide ion.
More preferably, the three instances of X are each an iodide
ion.

[0045] Specific preferred examples of the perovskite-type
compound represented by the general formula (1) include:
tin-based perovskites such as [CH;(CH,),,NH;)],Snl,
(n2=2 to 17), (C,H,C,H,NH;),5nl,, (CH;(CH,),;(CH,)
CHNH;),Snl, [n3=5 to 8], (CsH;C,H,NH;),Snl,,
(C,,H,CH,NH,),Snl,, and (C,HC,H,NH,),SnBr,; and
lead-based perovskites such as [CH,(CH,),,NH,)|,Pbl,
(n2=2 to 17), (C,H,C,H,NH;),Pbl,, (CH;(CH,),;(CH;)
CHNH,),Pbl, [n3=5 to 8], (C4H;C,H,NH;),PbL,
(C,,H,CH,NH,),Pbl,. and (C;H,C,H,NH,),PbBr,. How-
ever, perovskite-type compounds that may be used in the
present invention are not limited to these compounds.

(Compound Represented by General Formula (2))
[0046]

AAY, BX,, ®)

[0047] In the general formula (2), A® represents an organic
cation with a carbon number greater than that of A'. In the
general formula (2), B and X are as defined for the general
formula (1), and A? in the general formula (2) is as defined
for the general formula (1). For the preferred range and
specific examples of A%, B, and X in the general formula (2),
one can refer to the preferred range and specific examples of
A, B, and X in the general formula (1). Here, the two
instances of A2, or the plural instances of X, may be the same
as each other or not. When plural instances of A' or B are
present, the plural instances of A' or B may be the same as
each other or not.

[0048] The organic cation represented by A’ is an organic
cation with a carbon number smaller than that of A2,
preferably an ammonium represented by the general formula
(6) below.

Rl 14N+ (6)
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[0049] In the general formula (6), R*! represents a hydro-
gen atom or a substituent, and at least one of the four
instances of R, is a substituent. The number of substituents
among the four instances of R*! is preferably one or two,
more preferably one. That is, among the four instances of
R that constitute the ammonium, preferably one is a
substituent and the rest are hydrogen atoms. When two or
more instances of R!! are substituents, these substituents
may be the same as each other or not. The substituents are
not particularly limited, but include an alkyl group and an
aryl group (phenyl group, naphthyl group, and the like),
wherein each substituent may be further substituted with an
alkyl group, an aryl group, or the like. The number of
carbons in the substituent as an alkyl group is preferably 1
to 30, more preferably 1 to 20, further preferably 1 to 10. In
an aryl group, it is preferably 6 to 30, more preferably 6 to
20, further preferably 6 to 10.

[0050] Besides an ammonium, the organic cation repre-
sented by A' or A* can be formamidinium, cesium, or the
like.

[0051] The compound represented by the general formula
(2) forms a layered structure in which inorganic layers
formed from octahedral inorganic skeletons B, X, ., and
organic layers formed from organic cations A” are alter-
nately layered. n corresponds to the number of layered
octahedra per inorganic layer, and is an integer from 1 to
100. When n is 2 or more, organic cations A' are positioned
between the layered octahedra at the corners of the cubic
crystal system.

[0052] Specific preferred examples of the organic-inor-
ganic perovskite-type compound represented by the general
formula (2) include a compound represented by the general
formula (2a) below.

(C4HgNH;)5(CH3NH,),, 1S, 15, (2)

[0053] In the general formula (2a), n is an integer from 1
to 100, preferably an integer from 1 to 5. Specifically, it can
be (C4HoNH;),Snl,, (C,HoNH;),(CH3NH;)Sn, 1,
(C,HgNH;),(CH;NH;),Sn, ], 6, (C,HyNH,),(CH;NH;)
Sn,l 5, or (C,HGNH,),(CH;NH;),Snsl 6. Also, specific
preferred examples of the organic-inorganic perovskite-type
compound represented by the general formula (2) include:
(CH,(CH,),NH,),PbL, (n=2 to 17), (C,H,C,H,NH,),PbL,,
(CH,(CH,),(CH;)CHNH,),Pbl,, [n=5 to 8],
(CeHsC,H,NH,),Pbl,, (C,oH,CH,NH,),Pbl,,
(C¢H5C,H,NH,),PbBr,, and the like. However, perovskite-
type compounds that may be used in the present invention
are not limited to these compounds.

(Compound Represented by General Formula (3))
[0054]
A%ALB, Xame 3

[0055] In the general formula (3), A% represents arl organic
cation with a carbon number greater than that of A'. In the
general formula (3), B and X are as defined for the general
formula (1). For the preferred range and specific examples
of B and X in the general formula (3), one can refer to the
preferred range and specific examples of B and X in the
general formula (1), respectively. In the general formula (3),
A is as defined for the general formula (2). For the preferred
range and specific examples of A' in the general formula (3),
one can refer to the preferred range and specific examples of
Al in the general formula (2).
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[0056] The two instances of A2, or the plural instances of
X, may be the same as each other or not. When plural
instances of A' or B are present, the plural instances of A*
or B may be the same as each other or not.

[0057] The compound represented by the general formula
(3) forms a layered structure in which inorganic layers
formed from inorganic skeletons B, X5,,,, and organic lay-
ers formed from organic cations A” are alternately layered.
m corresponds to the number of layered inorganic skeletons
per inorganic layer, and is an integer from 1 to 100.
[0058] The organic cation represented by A? is an organic
cation with a carbon rumber greater than that of A, pref-
erably an ammonium represented by the general formula (6)
above, more preferably an ammonium represented by the
general formula (7) below.

{(RC=NR",)* M

[0059] In the general formula (7), R'*? and R'? each inde-
pendently represent a hydrogen atom or a substituent,
wherein one instance of R'? may be the same as another one
or not, and one instance of R'*> may be the same as another
one or not. The substituents are not particularly limited, but
include an alkyl group, an aryl group, an amino group, a
halogen atom, and the like, wherein the alkyl group, the aryl
group, or the amino group can be further substituted with an
alkyl group, an aryl group, an amino group, a halogen atom,
or the like. The number of carbons in the substituent as an
alkyl group is preferably 1 to 30, more preferably 1 to 20,
further preferably 1 to 10. In an aryl group, it is preferably
6 to 30, more preferably 6 to 20, further preferably 6 to 10.
The thickness of the organic layer will depend on the length
of the substituent represented by R'? (e.g., the chain length
of the alkyl group), whereby the characteristics of the
functional layer formed from this mixture can be controlled.
To make a combination of R** and R*?, an amino group or
a halogen atom as R'> and a hydrogen atom or an alkyl
group as R'? can be employed in combination, for example.
Alternatively, an amino group or a halogen atom as R'? and
a hydrogen atom as R can be employed in combination.
[0060] Besides an ammonium, the organic cation repre-
sented by A” can be formamidinium, cesium, or the like.
[0061] Specific preferred examples of the organic-inot-
ganic perovskite-type compound represented by the general
formula (3) include a compound represented by the general
formula (3a) below.

[NH,C(I=NH,],(CH3NH3),, 51,13, (39)

[0062] In the general formula (3a), m is an integer from 2
to 100, preferably an integer from 2 to 5. Specifically, it can
be [NH,C(I)=NH,],(CH;NH;),Sn,ls, [NH,C(I)>=NH,],
(CH,NH,);8n,1,,, or [NH,C(D=NH,],(CH,NH),Sn,I,.
However, the perovskite-type compounds that may be used
in the present invention are not limited to these compounds.
[0063] The total number of the inorganic layers and the
organic layers formed of the compound of the general
formulae (1) to (3) is preferably 1 to 100, more preferably
1 to 50, even more preferably 5 to 20.

(Compound Represented by General Formula (4))
[0064]
A'BX, 4

[0065] In the general formula (4), A® represents an organic
cation. B and X in the general formula (4) each have the
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same meanings as those of B and X in the general formula
(1). For preferred ranges and specific examples of B and X
in the general formula (4), reference may be made to the
preferred ranges and the specific examples of B and X in the
general formula (1). B in the compound represented by the
general formula (4) is preferably a fluoride ion, and also
preferably a combination of an iodide ion and a fluoride ion.
For preferred ranges and specific examples of A® in the
general formula (4), reference may be made to the preferred
ranges and the specific examples of A' in the general
formula (2). Three X’s may be the same as or different from
each other.

[0066] The compound represented by the general formula
(4) forms a cubic perovskite structure having a unit lattice of
a cubic crystal system, in which the organic cation A is
positioned at each corner of the cubic crystal, the metal ion
B is positioned at the body center thereof, and the halide ion
X is positioned at each face center thereof. Here, the
inorganic skeleton of the metal ion B and the halide ion X
forms an octahedron.

[0067] Preferred examples of the perovskite-type com-
pound represented by the general formula (4) include
CH,NH,Pbl,, CH,NH,PbCl,, CH,NH,PbBr;,
CH;NH;Snl;, CH;NH;Snl F;_, (where q is an integer of 0
to 2), CH,NH,SnCl,, CH,NH,SnBr,, (NH,),CHSnl;.
CH;NH,Pbl;, CH;NH;Snl F;_, and (NH,),CHSnl; are
preferred. However, the perovskite-type compounds for use
in the present invention are not limitatively interpreted by
these compounds.

[0068] Among the above-mentioned perovskite-type com-
pounds, preferred are those containing at least one of Sn**
and Pb>* as a divalent metal ion, those containing at least
one of methylammonium, formamidinium and cesium as an
organic cation, and those containing at least one of C17, I",
and F~ as a halide ion. Among the compounds represented
by the general formula (1) to the general formula (4), the
compounds represented by the general formula (4) are
preferred, CH;NH,PbCl,, and CH;NH,Snl,, are more pre-
ferred, and CH,NH,PbCl, is most preferred.

[0069] One kind alone or two or more kinds of the
perovskite-type compounds may be used either singly or as
combined. A preferred combination is a combination of two
or more of CH;NH,Snl;, and CH;NH,Snl F,_, (where q is
an integer of 0 to 2).

[Carrier Mobility Through Perovskite-Type Compound]

[0070] The carrier mobility through the perovskite-type
compound that the host material of the present invention
contains is preferably 1072 to 10* em®V~'s™*, more prefer-
ably 10-1 to 10 em*V™'s™*, even more preferably 107" to
10° cm?V~'s~!. With that, reduction in the drive voltage of
an organic light-emitting device and improvement in the
light emission efficiency thereof can be secured.

[0071] The carrier mobility through the perovskite-type
compound can be determined according to the method
mentioned below.

[0072] First, a laminate is prepared by layering a glass
substrate, an anode of indium tin oxide (ITO) having a
thickness of 100 nm and a film of molybdenum oxide
(MoO,) having a thickness of 10 nm in that order, and on the
film of molybdenum oxide of the laminate, formed is a film
of a perovskite-type compound to be determined in point of
carrier mobility therethrough, in a thickness of 1000 to 5000
nm. On the film of the perovskite-type compound, layered



US 2020/0220094 Al

are a film of molybdenum oxide having a thickness of 10 nm
and a cathode of aluminium having a thickness of 100 nm in
that order to produce a hole transport device.

[0073] An electron transport device is produced according
to the same process as that for the hole transport device
except that, in place of the film of molybdenum oxide, a film
of cesium having a thickness of 0.5 nm is formed between
the node and the perovskite-type compound film and
between the perovskite-type compound film and the cath-
ode.

[0074] The produced hole transport device and the elec-
tron transport device are driven to measure the current
density-voltage characteristic thereof on a double logarith-
mic chart, and from the current density and the voltage read
on the chart and according to the space-charge-limited
current equation shown below, the hole mobility pi and the
electron mobility pt, through the perovskite layer are deter-
mined.

VZ

J= g0, u—r
8.9.90 uL3

[0075] In the equation, ] represents a current density, &,
represents a dielectric constant of the compound, ¢, repre-
sents a dielectric constant in vacuum, 1 represents a carrier
mobility, L represents a thickness of the perovskite layer, V
represents an applied voltage. For the dielectric constant €,
a literature value 23.9 is used. For the details of the hole
mobility 1, and the electron mobility .., reference may be
made to M. A. Lampert, P. Mark, Current injection in solids
Academic, New York, 1970.

[0076] Here, the carrier mobility p calculated using the
current density and the applied voltage measured with the
hole transport device is referred to as a hole mobility p,,, and
the carrier mobility p calculated using the current density
and the applied voltage measured with the electron transport
device is referred to as an electron mobility 1.

[Photoabsorption ~ Characteristic  of  Perovskite-Type
Compound]
[0077] The perovskite-type compound that the host mate-

rial of the present invention contains preferably does not
have a maximum absorption wavelength at 200 to 750 nm in
the emission wavelength range of the light-emitting material
to be combined with the host material, more preferably does
not have a maximum absorption wavelength at 200 to 2000
nm. With that, the light takeoff efficiency from the organic
light-emitting device can be high. Here, the emission wave-
length range of a light-emitting material is a wavelength
region within a range of &, =100 nm, wherein A, means
a maximum emission wavelength of the light-emitting mate-
rial existing in a visible light region of 380 to 750 nm.

<Film>

[0078] Next, the film of the present invention is described.
[0079] The film of the present invention contains a per-
ovskite-type compound and an organic light-emitting mate-
rial. The film can be effectively used as a light-emitting layer
of an organic light-emitting device.

[0080] Regarding the explanation and the preferred range
and specific examples of the perovskite-type compound,
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reference may be made to the description relating to the
perovskite-type compound that the host material mentioned
above contains.

[0081] Regarding the kind and specific examples of the
organic light-emitting material that can be used in the film,
and the content of the organic light-emitting material, ref-
erence may be made to the description relating to the organic
light-emitting material for use in the light-emitting layer of
the organic light-emitting device to be mentioned herein-
under.

[0082] The film of the present invention is preferably such
that the inclination of the single logarithmic chart thereof
where the common logarithm of the excitation light intensity
is on the horizontal axis and the photoluminescence quan-
tum yield is on the vertical axis is positive. A film of the type
is considered to hardly cause exciton-exciton annihilation
even in the case where excitons are formed in a density by
high energy supply, in which, therefore, excitation energy of
excitons can be efliciently utilized for light emission.

[Method for Film Formation]

[0083] A method for forming the film of the present
invention is not specifically limited, and the layer may be
formed according to a dry process such as a vacuum
evaporation method, or a wet process such as a solution
coating method. Here, when a solution coating method is
employed, the layer can be formed using a simple apparatus
within a short period of time, and is therefore advantageous
in point of cost reduction for industrial scale mass-produc-
tion. When a vacuum evaporation method is employed, its
advantage is that a film having a better surface condition can
be formed.

[0084] For example, for forming a film that contains a
perovskite-type compound A’BX, and an organic light-
emitting material according to a vacuum evaporation
method, employable is a co-evaporation method of co-
evaporating a compound A*X of an organic cation and a
halide ion, a metal halide compound BX, and an organic
light-emitting material from different evaporation sources. A
film containing any other perovskite-type compound repre-
sented by the above-mentioned general formulae than the
compound and an organic light-emitting material can also be
formed by co-evaporating a compound of an organic cation
and a halide ion, a metal halide compound and an organic
light-emitting material according to this method.

[0085] For forming a perovskite layer of a perovskite-type
compound A’BX, according to a solution coating method, a
compound A*X of an organic cation and a halide ion, and a
metal halide compound BX, are reacted in a solution to
synthesize a perovskite-type compound, then a coating
liquid containing the perovskite-type compound and an
organic light-emitting material is applied onto the surface of
a support, and drying it to form a film thereon. A film
containing any other perovskite-type compound represented
by the above-mentioned general formulae than the com-
pound and an organic light-emitting material can also be
formed according to this method by synthesizing a per-
ovskite-type compound and applying a coating liquid that
contains the perovskite-type compound and an organic light-
emitting material onto the surface of a support and drving it
to form a film thereon.

[0086] A coating method with a coating liquid is not
specifically limited, and any conventionally-known coating
method such as a gravure coating method, a bar coating
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method, a printing method, a spraying method, a spin
coating method, a dipping method or a die coating method
may be used. Since a relatively thin coating film can be
formed uniformly, a spin coating method is preferred.
[0087] The solvent for the coating liquid is not particularly
limited as long as it can dissolve the perovskite-type com-
pound. Specifically, it can be an ester (methyl formate, ethyl
formate, propyl formate, pentyl formate, methyl acetate,
ethyl acetate, pentyl acetate, or the like), a ketone (y-buty-
rolactone, N-methyl-2-pyrrolidone, acetone, dimethyl
ketone, diisobutyl ketone, cyclopentanone, cyclohexanone,
methyl cyclohexanone, or the like), an ether (diethyl ether,
methyl-tert-butyl ether, diisopropyl ether, dimethoxymeth-
ane, dimethoxyethane, 1,4-dioxane, 1,3-dioxolan, 4-meth-
yldioxolan, tetrahydrofuran, methyl tetrahydrofuran, ani-
sole, phenetole, or the like), an alcohol (methanol, ethanol,
1-propanol, 2-propanol, 1-butanol, 2-butanol, tert-butanol,
1-pentanol, 2-methyl-2-butanol, methoxypropanol, diac-
etone alcohol, cyclohexanol, 2-fluoroethanol, 2,2,2-trifluo-
roethanol, 2,2,3,3-tetrafluoro-1-propanol, or the like), a gly-
col ether (cellosolve) (ethylene glycol monomethyl ether,
ethylene glycol monoethyl ether, ethylene glycol monobutyl
ether, ethylene glycol monoethyl ether acetate, triethylene
glycol dimethyl ether, or the like), an amide solvent (N,N-
dimethyl formamide, acetamide, N,N-dimethyl acetamide,
or the like), a nitrile solvent (acetonitrile, isobutyronitrile,
propionitrile, methoxyacetonitrile, or the like), a carbonate
agent (ethylene carbonate, propylene carbonate, or the like),
a halogenated hydrocarbon (methylene chloride, dichlo-
romethane, chloroform, or the like), a hydrocarbon (n-pen-
tane, cyclohexane, n-hexane, benzene, toluene, xylene, or
the like), dimethyl sulfoxide, or the like. It can also have two
or more of ester, ketone, ether, and alcohol functional groups
(ie, —O—, —CO—, —COO—, —OH), or it can be an
ester, a ketone, an ether, or an alcohol in which a hydrogen
atom in the hydrocarbon portion is replaced by a halogen
atom (particularly a fluorine atom).

[0088] The amount of the perovskite-type compound con-
tained in the coating liquid is preferably 1 to 50% by mass
based on the entire coating liquid, more preferably 2 to 30%
by mass, further preferably 5 to 20% by mass. The content
of the organic light-emitting material in the coating liquid is
preferably 0.001% by mass or more and less than 50% by
mass based on the total amount of the perovskite-type
compound and the organic light-emitting material therein.
[0089] Preferably, the coating liquid on the support sur-
face is dried by air-drying or heat drying in an atmosphere
purged with an inert gas such as nitrogen.

<Organic Light-Emitting Device>

[0090] Next described is the organic light-emitting device
of the present invention.

[0091] The organic light-emitting device of the present
invention has a light-emitting layer that contains a per-
ovskite-type compound and an organic light-emitting mate-
rial,

[0092] As described above, a perovskite-type compound
has a high carrier mobility and therefore, when a light-
emitting layer contains a perovskite-type compound, the
drive voltage of the organic light-emitting device having
such a light-emitting layer can be reduced and the light
emission efficiency thereof can be enhanced. In addition, a
perovskite-type compound readily undergoes reverse inter-
system crossing from an excited triplet state to an excited
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singlet state and can efficiently form singlet excitons.
Accordingly, when a light-emitting layer contains a pet-
ovskite-type compound and an organic light-emitting mate-
rial, excited singlet energy can be efficiently supplied to the
organic light-emitting material and can be utilized for light
emission to achieve a higher light emission efficiency.
Further, the excited energy of the perovskite-type compound
is supplied to the organic light-emitting material, and there-
fore even when the perovskite-type compound becomes an
unstable excited state, the excited state can be immediately
solved. Accordingly, the organic light-emitting device of the
invention has another advantage that the operation thereof
can be stabilized.

[0093] Moreover, a perovskite-type compound is inexpen-
sive and therefore, when the compound is used as a material
in a light-emitting layer, the material cost of the resultant
organic light-emitting device can be reduced.

[Layer Configuration of Organic Light-Emitting Device]

[0094] The organic light-emitting device to which the
present invention applies may be an organic photolumines-
cent device (organic PL device) or an organic electrolumi-
nescent device (organic EL device). An organic photolumi-
nescent device has a configuration with at least a light-
emitting layer formed on a substrate, and in addition to the
perovskite layer, preferably has at least one light-emitting
layer. An organic electroluminescent device has a configu-
ration having at least an anode and a cathode, and an organic
layer formed between the anode and the cathode, in which
the organic layer contains at least a light-emitting layer.
When applied especially to an organic electroluminescent
device among these organic light-emitting devices, the pres-
ent invention attains an effect of markedly improving the
light emission efficiency of the device as compared with any
other already-existing device configurations. This is because
of the following reasons.

[0095] Specifically, in an organic electroluminescent
device, carriers are injected from an anode and a cathode
into a light-emitting layer and are recombined therein, and
in the light-emitting layer, singlet excitons and triplet exci-
tons are formed at a probability of 25%:75%. At this time,
a perovskite-type compound readily undergoes reverse intet-
system crossing, and therefore in a zone composed of a
perovskite-type compound of a carrier recombination zone
of a light-emitting layer, the triplet excitons formed at a
probability of 75% efliciently convert to singlet excitons
and, as a result, singlet excitons are to form at a far higher
ratio than 25%. Consequently, as compared with a case of
using an already-existing host material, excited singlet
energy can be transferred efficiently to an organic light-
emitting material and used for light emission, and therefore
the light emission efficiency of the resultant organic light-
emitting device can be markedly improved.

[0096] As described above, an organic electroluminescent
device has a configuration of at least an anode, a cathode and
an organic layer formed between the anode and the cathode.
The organic layer contains at least a light-emitting layer, and
may be formed of a light-emitting layer alone, or the device
may have one or more other organic layers in addition to a
light-emitting layer. Such other organic layers include a hole
transport layer, a hole injection layer, an electron blocking
layer, a hole blocking layer, an electron injection layer, an
electron transport layer and an exciton blocking layer. The
hole transport layer may be a hole injection and transport
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layer having a hole injection function, and the electron
transport layer may be an electron injection and transport
layer having an electron injection function. A configuration
example of a typical organic electroluminescent device is
shown in FIG. 1. In FIG. 1, 1 is a substrate, 2 is an anode,
3 is a hole injection layer, 4 is a hole transport layer, 5 is a
light-emitting layer, 6 is an electron transport layer, and 7 is
a cathode.

[0097] In the following, the constituent members and the
layers of the organic -electroluminescent device are
described. The description of the substrate and the light-
emitting layer given below may apply to the substrate and
the light-emitting layer of an organic photoluminescent
device.

(Substrate)

[0098] The organic electroluminescent device of the
invention is preferably supported by a substrate. The sub-
strate is not particularly limited and may be those that have
been commonly used in an organic electroluminescent
device, and examples thereof used include those formed of
glass, transparent plastics, quartz and silicon.

(Anode)

[0099] The anode of the organic electroluminescent device
used is preferably formed of an electrode material, such as
a metal, an alloy, or an electroconductive compound each
having a large work function (4 €V or more), or a mixture
thereof. Specific examples of the electrode material include
a metal, such as Au, and an electroconductive transparent
material, such as Cul, indium tin oxide (ITO), SnO, and
Zn0. A material that is amorphous and is capable of forming
a transparent electroconductive film, such as IDIXO
(In,0,—7Zn0), may also be used. The anode may be formed
in such a manner that the electrode material is formed into
a thin film by such a method as vapor deposition or sput-
tering, and the film is patterned into a desired pattern by a
photolithography method, or in the case where the pattern
may not require high accuracy (for example, approximately
100 um or more), the pattern may be formed with a mask
having a desired shape on vapor deposition or sputtering of
the electrode material. In alternative, in the case where a
material capable of being coated, such as an organic elec-
troconductive compound, is used, a wet film forming
method, such as a printing method and a coating method,
may be used. In the case where emitted light is to be taken
out through the anode, the anode preferably has a transmit-
tance of more than 10%, and the anode preferably has a sheet
resistance of several hundred ohm per square or less. The
thickness of the anode may be generally selected from a
range of from 10 to 1,000 nm, and preferably from 10 to 200
nm, while depending on the material used.

(Cathode)

[0100] The cathode is preferably formed of as an electrode
material such as a metal (which is referred to as an electron
injection metal), an alloy, or an electroconductive com-
pound, having a small work function (4 eV or less), or a
mixture thereof. Specific examples of the electrode material
include sodium, a sodium-potassium alloy, magnesium,
lithium, a magnesium-cupper mixture, a magnesium-silver
mixture, a magnesium-aluminum mixture, a magnesium-
indium mixture, an aluminum-aluminum oxide (Al,O;)
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mixture, indium, a lithium-aluminum mixture, and a rare
earth metal. Among these, a mixture of an electron injection
metal and a second metal that is a stable metal having a
larger work function than the electron injection metal, for
example, a magnesium-silver mixture, a magnesium-alumi-
num mixture, a magnesium-indium mixture, an aluminum-
aluminum oxide (Al,O;) mixture, a lithium-aluminum mix-
ture, and aluminum, is preferred from the standpoint of the
electron injection property and the durability against oxida-
tion and the like. The cathode may be produced by forming
the electrode material into a thin film by such a method as
vapor deposition or sputtering. The cathode preferably has a
sheet resistance of several hundred ohm per square or less,
and the thickness thereof may be generally selected from a
range of from 10 nm to 5 um, and preferably from 50 to 200
nm. For transmitting the emitted light, any one of the anode
and the cathode of the organic electroluminescent device is
preferably transparent or translucent, thereby enhancing the
light emission luminance.

[0101] The cathode may be formed with the electrocon-
ductive transparent materials described for the anode,
thereby forming a transparent or translucent cathode, and by
applying the cathode, a device having an anode and a
cathode, both of which have transmittance, may be pro-
duced.

(Light-Emitting Layer)

[0102] The light-emitting layer is a layer in which holes
and electrons injected from an anode and a cathode are
recombined to give excitons for light emission, and which
contains at least a perovskite-type compound and an organic
light-emitting material. The organic light-emitting material
may be any of a fluorescent material, a delayed fluorescent
material or a phosphorescent material, but is preferably a
fluorescent material or a delayed fluorescent material, more
preferably a fluorescent material. A fluorescent material
undergoes radiative relaxation from an excited single state at
a high probability and therefore can efficiently utilize the
excited singlet energy that the material has received from a
perovskite-type compound for light emission. Here, a
delayed fluorescent material can give, when observed at 25°
C., both fluorescence having a short emission lifetime and
fluorescence having a long emission lifetime (delayed fluo-
rescence), while a fluorescent material can give only fluo-
rescence having a short emission lifetime but could not give
fluorescence having a long emission lifetime (delayed fluo-
rescence). Here, delayed fluorescence is fluorescence that is
emitted when an excited singlet state having formed through
reverse intersystem crossing from an excited triplet state is
relaxed to a ground state, and is generally observed later
than the fluorescence (ordinary fluorescence) from the
excited singlet state directly formed through external energy
donation or carrier recombination.

[0103] In order that the organic electroluminescent device
and the organic photoluminescent device of the present
invention can express a high light emission efficiency, it is
important to confine the singlet exciton and the triplet
exciton formed in an organic light-emitting material to the
organic light-emitting material. Accordingly, the perovskite-
type compound to be used in the light-emitting layer is
preferably such that at least any one of the excited single
energy and the excited triplet energy thereof is higher than
that of the organic light-emitting material in the layer. As a
result, the singlet excitons and the triplet excitons formed in
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the organic light-emitting material can be confined in the
molecules of the organic light-emitting material to suffi-
ciently derive the light emission efficiency thereof. In the
organic light-emitting device or the organic electrolumines-
cent device of the present invention, light emission occurs
from the organic light-emitting material contained in the
light-emitting layer. The light emission may be any of
fluorescent emission, delayed fluorescent emission or phos-
phorescent emission, or may contain two or more types of
such emissions. In addition, a part of light emission may be
partially from the perovskite-type compound in the light-
emitting layer.

[0104] The content of the organic light-emitting material
in the light-emitting layer is preferably 0.001% by mass or
more and less than 50% by mass relative to the total mass of
the light-emitting layer. More preferably, the content of the
organic light-emitting material in the light-emitting layer is
0.01% by mass or more relative to the total mass of the
light-emitting layer, even more preferably 0.1% by mass or
more, further more preferably 1% by mass or more, and may
be 5% by mass or more Also more preferably, the content of
the organic light-emitting material in the light-emitting layer
is less than 40% by mass relative to the total mass of the
light-emitting layer, even more preferably less than 30% by
mass, further more preferably less than 20% by mass.

(Injection Layer)

[0105] The injection layer is a layer that is provided
between the electrode and the organic layer, for decreasing
the driving voltage and enhancing the light emission lumi-
nance, and includes a hole injection layer and an electron
injection layer, which may be provided between the anode
and the light-emitting layer or the hole transport layer and
between the cathode and the light emitting layer or the
electron transport layer. The injection layer may be provided
depending on necessity.

(Blocking Layer)

[0106] The blocking layer is a layer that is capable of
inhibiting charges (electrons or holes) and/or excitons pres-
ent in the light-emitting layer from being diffused outside the
light-emitting layer. The electron blocking layer may be
disposed between the light-emitting layer and the hole
transport layer, and inhibits electrons from passing through
the light-emitting layer toward the hole transport layer.
Similarly, the hole blocking layer may be disposed between
the light-emitting layer and the electron transport layer, and
inhibits holes from passing through the light-emitting layer
toward the electron transport layer. The blocking layer may
also be used for inhibiting excitons from being diffused
outside the light-emitting layer. Thus, the electron blocking
layer and the hole blocking layer each may also have a
function as an exciton blocking layer. The term “the electron
blocking layer” or “the exciton blocking layer” referred to
herein is intended to include a layer that has both the
functions of an electron blocking layer and an exciton
blocking layer by one layer.

(Hole Blocking Layer)

[0107] The hole blocking layer has the function of an
electron transport layer in a broad sense. The hole blocking
layer has a function of inhibiting holes from reaching the
electron transport layer while transporting electrons, and
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thereby enhances the recombination probability of electrons
and holes in the light-emitting layer. As the material for the
hole blocking layer, the material for the electron transport
layer to be mentioned below may be used optionally.

(Electron Blocking Layer)

[0108] The electron blocking layer has the function of
transporting holes in a broad sense. The electron blocking
layer has a function of inhibiting electrons from reaching the
hole transport layer while transporting holes, and thereby
enhances the recombination probability of electrons and
holes in the light-emitting layer.

(Exciton Blocking Layer)

[0109] The exciton blocking layer is a layer for inhibiting
excitons generated through recombination of holes and
electrons in the light-emitting layer from being diffused to
the charge transporting layer, and the use of the layer
inserted enables effective confinement of excitons in the
light-emitting layer, and thereby enhances the light emission
efficiency of the device. The exciton blocking layer may be
inserted adjacent to the light-emitting layer on any of the
side of the anode and the side of the cathode, and on both the
sides. Specifically, in the case where the exciton blocking
layer is present on the side of the anode, the layer may be
inserted between the hole transport layer and the light-
emitting layer and adjacent to the light-emitting layer, and in
the case where the layer is inserted on the side of the
cathode, the layer may be inserted between the light-emit-
ting layer and the cathode and adjacent to the light-emitting
layer. Between the anode and the exciton blocking layer that
is adjacent to the light-emitting layer on the side of the
anode, a hole injection layer, an electron blocking layer and
the like may be provided, and between the cathode and the
exciton blocking layer that is adjacent to the light-emitting
layer on the side of the cathode, an electron injection layer,
an electron transport layer, a hole blocking layer and the like
may be provided. In the case where the blocking layer is
provided, preferably, at least one of the excited singlet
energy and the excited triplet energy of the material used as
the blocking layer is higher than the excited singlet energy
and the excited triplet energy of the light-emitting layer,
respectively, of the light-emitting material.

(Hole Transport Layer)

[0110] The hole transport layer is formed of a hole trans-
port material having a function of transporting holes, and the
hole transport layer may be provided as a single layer or
plural layers.

[0111] The hole transport material has one of injection or
transporting property of holes and blocking property of
electrons, and may be any of an organic material and an
inorganic material. Examples of known hole transport mate-
rials that may be used herein include a triazole derivative, an
oxadiazole derivative, an imidazole derivative, a carbazole
derivative, an indolocarbazole derivative, a polyarylalkane
derivative, a pyrazoline derivative, a pyrazolone derivative,
a phenylenediamine derivative, an arylamine derivative, an
amino-substituted chalcone derivative, an oxazole deriva-
tive, a styrylanthracene derivative, a fluorenone derivative,
a hydrazone derivative, a stilbene derivative, a silazane
derivative, an aniline copolymer and an electroconductive
polymer oligomer, particularly a thiophene oligomer.
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Among these, a porphyrin compound, an aromatic tertiary
amine compound and a styrylamine compound are prefer-
ably used, and an aromatic tertiary amine compound is more
preferably used.

(Electron Transport Layer)

[0112] The electron transport layer is formed of a material
having a function of transporting electrons, and the electron
transport layer may be a single layer or may be formed of
plural layers.

[0113] The electron transport material (often also acting as
a hole blocking material) may have a function of transmit-
ting the electrons injected from a cathode to a light-emitting
layer. The electron transport layer usable here includes, for
example, nitro-substituted fluorene derivatives, diphe-
nylquinone derivatives, thiopyran dioxide derivatives, car-
bodiimides, fluorenylidenemethane derivatives, anthraqui-
nodimethane and anthrone derivatives, oxadiazole
derivatives, etc. Further, thiadiazole derivatives derived
from the above-mentioned oxadiazole derivatives by sub-
stituting the oxygen atom in the oxadiazole ring with a sulfur
atom, and quinoxaline derivatives having a quinoxaline ring
known as an electron-attractive group are also usable as the
electron transport material. Further, polymer materials pre-
pared by introducing these materials into the polymer chain,
or having these material in the polymer main chain are also
usable.

[0114] The organic electroluminescent device may use a
perovskite-type compound in any other layer than the light-
emitting layer therein. For example, a perovskite-type com-
pound may also be used in the above-mentioned hole
transport layer or electron transport layer. In such a case, the
perovskite-type compound used in the light-emitting layer
may be the same as or different from the perovskite-type
compound used in the other layer than the light-emitting
layer.

[0115] Inproducing an organic electroluminescent device,
each organic layer to constitute the organic electrolumines-
cent device is sequentially formed on a substrate. A method
for forming such layers is not specifically limited, and may
be any of a dry process or a wet process. For the method for
forming a light-emitting layer, reference may be made to the
contents in the section of “Method for Film Formation”
given hereinabove.

[0116] Preferred materials for use for the organic elec-
troluminescent device are concretely exemplified below.
However, the materials for use in the present invention are
not limitatively interpreted by the following exemplary
compounds. Compounds, even though exemplified as mate-
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rials having a specific function, can also be used as other
materials having any other function.

[0117] The organic light-emitting material for use in the
light-emitting layer may be any light-emitting organic com-
pound and is preferably any other organic light-emitting
material than organic metal complexes, more preferably a
coumarin skeleton-having light-emitting material. As the
coumarin skeleton-having light-emitting material, Coumarin
153 used in Examples given hereinunder is preferred, and
also preferred are derivatives having an electron-donating
substituent at the 7-position of a coumarin ring. The light-
emitting material having an amino group at the 7-position of
a coumarin ring includes coumarin dyes such as 3-(2'-
benzothiazolyl)-7-diethylaminocoumarin  (Coumarin  6),
3-(2'-benzimidazolyl)-7-N,N-diethylaminocoumarin (Cou-
marin 7), 3-(2'-N-methylbenzimidazolyl)-7-N,N-diethylam-
inocoumarin (Coumarin 30) and 2,3,5,6-1H,4H-tetrahydro-
8-trifluoromethylquinolidine(9,%a, 1-gh)coumarin
(Coumarin 153), and other coumarin dyes such as Basic
Yellow 51. The light-emitting material having a hydroxy
group at the 7-position of a coumarin ring includes 7-hy-
droxycoumarin, 3-cyano-7-hydroxycoumarin, 7-hydroxy-4-
methylcoumarin, 7-diethylamino-4-methylcoumarin, 7-di-
ethylaminocyclopenta[c]-coumarin,  1,2,4,5,3H,6H,10H-
tetrahydro-8-methyl[ 1]benzopyrano[9,9a, 1-gH]quinolidin-
10-one, 7-amino-4-trifluoromethylcoumarin, 1,2,4,5,3H,6H,
10H-tetrahydro-9-cyano[1 |benzopyrano|[ 9,9a,-gH]
quinolidin-10-one,  1,2,4,53H,6H,  10H-tetra-hydro-9-
carbo-t-butoxy[1]benzopyrano[9,9a, 1-gH]quinolidin-10-
one, 7-ethylamino-6-methyl-4-trifluoromethylcoumarin,
1,2,4,5,3H,6H, 10H-tetrahydro-9-carboethoxy[1]benzopy-
rano[9,9a, 1-gH]quinolidin-10-one, 7-diethylamino-3-(1-
methylbenzimidazolyl)coumarin, 7-dimethylamino-4-trif-
luoromethylcoumarin, 1,2,4,5,3H,6H, 10H-tetrahydro-9-
carboxy[1]benzopyrano[9,9a, 1-gH]quinolidin-10-one, 1,2,
4,53H,6H, 10 OH-tetrahydro-9-acetyl[1]benzopyrano[9,9a,
1-gH]quinolidin-10-one,  3-(2-benzimidazolyl)-7-N,N-di-
ethylaminocoumarin, 1,2.4,5,3H,6H, 10H-tetra-hydro-8-tri-
fluoromethyl[1]benzopyrano[9,9a, 1-gH]|quinolidin-10-one,
3-(2-benzothiazolyl)-7-diethylaminocoumarin,  7-diethyl-
aminocoumarin, 7-diethylamino-4-trifluoromethylcou-
marin, 2,3.6,7-tetra-hydro-9-(trifluoromethyl)-11H,5H,
11H-[1]benzopyrano[6,7.8-ij]quinolidin-11-one, 7-amino-

4-methylcoumarin, and 4,6-dimethyl-7-
diethylaminocoumarin.
[0118] A delayed fluorescent material is also usable as the

organic light-emitting material. Preferred examples of com-
pounds usable as a delayed fluorescent material are shown
below.
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[0119] As preferred delayed fluorescent materials, also W02014/122895, W02014/126200, W0O2014/136758,
mentioned are compounds included in the general formulae, WO02014/133121, W02014/136860, W02014/196585,
especially exemplary compounds capable of emitting W02014/189122, W:O2014/168101, W02015/008580,
delayed fluorescence described in W02013/154064, para- W02014/203840, W,OZOIS/OOZZB’ W02015/016200,
graphs 0008 to 0048 and 0095 to 0133, W02013/011954, ~ WO2015/019725, WO2015/072470, WO2015/108049,

paragraphs 0007 to 0047 and 0073 to 0085, WO2013/
011955, paragraphs 0007 to 0033 and 0059 to 0066,
W02013/081088, arzt% aphs 0008 to 0071 and 0118 to
0133, P 2013-256490 A, paragraph 0009 to 0046 and 0093
to 0134, JP 2013-116975 A, paragraphs 0008 to 0020 and
0038-0040, W0O2013/133359, paragraphs 0007 to 0032 and
0079 to 0084, W02013/161437, paragraphs 0008 to 0054
and 0101 to 0121, JP 2014-9352 A, paragraphs 0007 to 0041
and 0060 to 0069, and JP 2014-9224 A, paragraphs 0008 to
0048 and 0067 to 0076. In addition, light-emitting materials
described in the following and capable of emitting delayed
fluorescence are also preterably employed: JP 2013-253121
A, W02013/133359, W02014/034535, W02014/115743,

WO02015/080182, W0O2015/072537, W02015/080183, JP
2015-129240 A, WO02015/129714, W02015/129715,
WO02015/133501, WO2015/136880, W02015/137244,
W02015/137202, W0O2015/137136, WO2015/146541, and
WO02015/159541. These patent publications as described in
this paragraph are incorporated herein by reference as a part
of this description.

[0120] Next, preferred compounds for use as a hole injec-

tion material are shown below.

MoO, (xis 1.5t03.0.)
[0121]
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[0122] Next, preferred compounds for use as a hole trans-
port material are shown below.
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[0123] Next, preferred compounds for use as an electron _continued
blocking material are shown below.
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-continued -continued

[0124] Next, preferred compounds for use as a hole block-
ing material are shown below.
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[0125] Next, preferred compounds for use as an electron
transport material are shown below.
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R =H, alkyl, aryl,
heteroaryl
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[0126] Next, preferred compounds for use as an electron

-continued
injection material are shown below.
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[0127] Further, preferred compounds for use as additional
materials are mentioned below. For example, these are
considered to be added as a stabilization material.
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[0128] The organic electroluminescent device thus pro-
duced by the aforementioned method emits light on appli-
cation of an electric field between the anode and the cathode
of the device. In this case, when the light emission is caused
by the excited singlet energy, light having a wavelength that
corresponds to the energy level thereof may be confirmed as
fluorescent light and delayed fluorescent light. When the
light emission is caused by the excited triplet energy, light
having a wavelength that corresponds to the energy level
thereof may be confirmed as phosphorescent light. The
normal fluorescent light has a shorter light emission lifetime
than the delayed fluorescent light, and thus the light emis-
sion lifetime may be distinguished between the fluorescent
light and the delayed fluorescent light.

[0129] On the other hand, the phosphorescent light may
substantially not be observed with a normal organic com-
pound such as the compound of the present invention at
room temperature since the excited triplet energy is con-
verted to heat or the like due to the instability thereof, and
1s immediately deactivated with a short lifetime. The excited
triplet energy of the normal organic compound may be
measured by observing light emission under an extremely
low temperature condition.

[0130] The organic electroluminescent device of the
invention may be applied to any of a single device, a
structure with plural devices disposed in an array, and a
structure having anodes and cathodes disposed in an X-Y
matrix. According to the present invention in which the hole
transport layer or the electron transport layer is composed of
a perovskite layer having a thickness of 50 nm or more, there
can be provided an organic light-emitting device having a
low drive voltage and having a high power efliciency, and
capable of evading interelectrode short-circuiting and cur-
rent leakage. The organic light-emitting device such as the
organic electroluminescent device of the present invention
may be applied to a further wide range of purposes. For
example, an organic electroluminescent display apparatus
may be produced with the organic electroluminescent device
of the invention, and for the details thereof, reference may
be made to S. Tokito, C. Adachi and H. Murata, “Yuki EL
Display” (Organic EL Display) (Ohmsha, Ltd.). In particu-
lar, the organic electroluminescent device of the invention
may be applied to organic electroluminescent illumination
and backlight which are highly demanded.

EXAMPLES

[0131] Hereafter, with reference to Examples, features of
the present invention are more specifically described. Mate-
rials, details of processes, process steps, and the like as
shown below can be changed as appropriate without depart-
ing from the spirit of the present invention. Accordingly, the
scope of the present invention should not be construed as
limited by specific examples as shown below. X-ray diffrac-
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tion analyses were performed using X-ray diffractometer
(Ultima IV, Rigaku), absorption spectroscopy was per-
formed using a UV-Vis-NIR spectrometer (LAMBDA950,
Perkin Elmer), emission characteristics were evaluated
using a fluorospectrophotometer (FluoroMax-4, Horiba),
and organic EL characteristics were evaluated using an
external quantum efliciency measuring device (C9920-12,
Hamamatsu Photonics) and an organic EL durability evalu-
ation system (EAS-26B, System Engineer).

[0132] Excitation light intensity dependence of PL, quan-
tum yield was evaluated using a multichannel photodetector
(PMA-12, Hamamatsu Photonics) by irradiating a device
with a 365-nm continuous excitation light from an ultravio-
let LED in the normal direction of the substrate of the device
and by detecting the light emission from the device at an
angle of 45°. Here, the PL. quantum yield is determined
based on the absorption spectrum and the emission spectrum
of a film of tris(8-hydroxyquinolinato)aluminum (Alg3)
having a PL quantum yield of 20%.

[0133] In these Examples, the vacuum degree in film
formation according to a vacuum evaporation method was
set at 107* Pa.

(Example 1) Production of Organic
Photoluminescent Device Using CH;NH,PbCI, as a
Perovskite-Type Compound (Host Material) and
Using Coumarin 153 as a Light-Emitting Material

[0134] On a quartz substrate, methylammonium chloride
(CH;NH,Cl), lead(Il) chloride (PbCl,) and Coumarin 153
were co-deposited from different evaporation sources to
form thereon a thin film (coumarin-added perovskite film)
having a thickness of 50 inn, thereby giving an organic
photoluminescent device. At that time, the molar ratio of
methylammonium chloride to lead(Il) chloride was 1/1 and
the concentration of Coumarin 153 was 1% by weight.
[0135] Apart from this, organic photoluminescent devices
were produced in the same manner as above except that the
concentration of Coumarin 153 in the thin film was varied
within a range of 0.2 to 1.3% by weight.

(Comparative Example 1) Production of Organic
Photoluminescent Device Using mCBP as a Host
Material and Using Coumarin 153 as a
Light-Emitting Material

[0136] On a quartz substrate, mCBP and Coumarin 153
were co-deposited from different evaporation sources to
form thereon a thin film (coumarin-added mCBP film)
having a thickness of 50 nm, thereby giving an organic
photoluminescent device. At that time, the concentration of
Coumarin 153 was 1% by weight.

[0137] Apart from this, organic photoluminescent devices
were produced in the same manner as above except that the
concentration of Coumarin 153 in the thin film was varied
within a range of 0.2 to 1.3% by weight.

(Comparative Example 2) Production of Organic
Photoluminescent Device Using CH;NH,;PbCl,

[0138] On a quartz substrate, methylammonium chloride
(CH;NH;Cl) and lead(II) chloride (PbCl,) were co-depos-
ited from different evaporation sources to form thereon a
thin film (coumarin-free perovskite film) having a thickness
of 50 nm, thereby giving an organic photoluminescent
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device. At that time, the molar ratio of methylammonium
chloride to lead(Il) chloride was 1/1.

[0139] The thin film formed in Example 1 and the thin film
formed in Comparative Example 2 each were analyzed to
measure the X-ray diffraction spectrum thereof, in which a
diffraction peak was detected at the same position as that in
the X-ray diffraction spectrum of a known CH,NH,PbCl,
single crystal. As a result of XPS (X-ray photoemission
spectroscopy) of the films, ClI/Pb, N/Pb and F/Pb were all
close to theoretical values. The results confirm that the thin
film formed in Example 1 and Comparative Example 2 all
had a perovskite-type crystal structure of CH,NH,PbCl,.
The thin film formed in Example 1 and the thin film formed
in Comparative Example 2 all had almost the same X-ray
diffraction pattern profile, which confirmed that almost all
the Coumarin 153 molecules in the thin film formed in
Example 1 exist in each crystal or grain boundary consti-
tuting polycrystalline CH;NH,PbCl,. The arithmetic mean
roughness Ra of the thin film formed in Example 1 was 6.9
nm, and the arithmetic mean roughness Ra of the thin film
formed in Comparative Example 2 was 10.0 nm.

[0140] FIG. 2 shows an emission spectrum with 300 nm
excitation light of each thin film formed in Example 1, and
Comparative Examples 1 and 2; FIG. 3 shows a transient
decay curve of light emission; FIG. 4 shows an excitation
light intensity-dependent photoluminescent quantum yield
(PL quantum yield); and FIG. 5 shows a Coumarin 153
concentration-dependent photoluminescent quantum yield
(PL quantum yield) at a low excitation light intensity (10~
mW/em?).

[0141] As shown in FIG. 2, the thin film of Comparative
Example 2 not doped with Coumarin 153 (coumarin-free
perovskite film) did not have an emission peak at 402 nm,
while the thin film of Example 1 doped with Coumarin 153
(coumarin-added perovskite film) lost an emission peak at
402 nm but had an emission peak at nearly the same position
as that of the thin film of Comparative Example 1 (cou-
marin-added mCBP film). From this, it is known that in the
thin film of Example 1, the excitation energy formed in the
perovskite-type compound was not utilized for light emis-
sion of the perovskite-type compound itself but transferred
to the light-emitting material Coumarin 153 and was used
for light emission from the light-emitting material The thin
film of Example 1 and the thin film of Comparative Example
2 were analyzed to measure the photoabsorption spectrum
thereof, and the absorption spectra of the two were almost
the same.

[0142] From FIG. 3, it is known that the emission intensity
from the thin film of Comparative Example 1 using mCBP
as a host material linearly decayed but the emission intensity
from the thin film of Example 1 using CH;NH;PbCl, as a
host material tended to decay multi-exponentially. The rea-
son why the emission intensity from the thin film of
Example 1 decayed multi-exponentially can be presumed to
be because in this thin film, not only radiative relaxation
from the excited state to a ground state but also trapping of
excitons and carriers by the defect state (defect level) of the
film would participate in emission decay.

[0143] On the other hand, as shown in FIG. 4, in the thin
film of Comparative Example 1 using mCBP as a host
material, the relationship diagram of the excitation light
intensity and the PL quantum yield has a negative inclina-
tion, but in the thin film of Example 1 using CH;NH,;PbCl,
as a host material, the relationship diagram of the excitation
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light intensity and the PL quantum yield has a positive
inclination. The reason why in the thin film of Comparative
Example 1, the relationship diagram of the excitation light
intensity and the PL, quantum yield has a negative inclination
can be presumed to be because, with the increase in the
excitation light intensity, the exciton density in Coumarin
153 would increase to readily cause exciton-exciton anni-
hilation in the thin film. As opposed to this, the reason why
in the thin film of Example 1, the relationship diagram of the
excitation light intensity and the PL quantum yield has a
positive inclination can be presumed to be because, with the
increase in the excitation light intensity, the defect level of
the film could be filled up with excitons and carriers and
therefore the excitons to be formed further could no more be
trapped by the defect level and the energy thereof could be
effectively utilized for light emission.

(Measurement of Hole Mobility and Electron Mobility in
CH,NH,PbCl, Film)

[0144] On a glass substrate with an anode of indium tin
oxide (ITO) having a thickness of 100 nm formed thereon,
thin films were layered according to a vacuum vapor depo-
sition method to produce a hole transport device and an
electron transport device.

[0145] First, on ITO. MoO; was formed in a thickness of
10 nm to be a hole injection layer. Subsequently, methyl-
ammonium chloride (CH,NH;CI) and lead(II) chloride
(PbCl,) were co-deposited from different evaporation
sources to form a layer of CH;NH,PbCl; having a thickness
of 3000 nm. At that time, the molar ratio of methylammo-
nium chloride and lead(Il) chloride was 1/1. Next, MoQO,
was formed in a thickness of 10 nm to be an electron
blocking layer, and on this, Al was deposited in a thickness
of 100 nm to be a cathode, thereby providing a laminate. The
laminate was transferred into a glove box filled with nitro-
gen gas, a pair of glass plates were arranged on and below
it and sealed up with a UV epoxy resin to give a hole
transport device.

[0146] On the other hand, Cs was deposited on ITO in a
thickness of 0.5 nm to form a hole blocking layer. Next,
methylammonium chloride (CH,NH,Cl) and lead(II) chlo-
ride (PbCl,) were co-deposited from different evaporation
sources to form a layer of CH;NH,PbCl; having a thickness
of 3000 nm. At that time, the molar ratio of methylammo-
nium chloride and lead(Il) chloride was 1/1. Next, Cs was
deposited in a thickness of 0.5 nm to be an electron injection
layer, and on this, Al was deposited in a thickness of 100 nm
to be a cathode, thereby providing a laminate. The laminate
was transferred into a glove box filled with nitrogen gas, a
pair of glass plates were arranged on and below it and sealed
up with a UV epoxy resin to give an electron transport
device.

[0147] Current density-voltage characteristics of the pro-
duced hole transport device and the electron transport device
are shown in FIG. 6. As shown in FIG. 6, the current-
density-voltage characteristic of each device is a space-
charge limited current-like pattern. From each pattern, the
carrier mobility was calculated. The hole mobility was 3.4
em®V~157!, and the electron mobility was 2.1 em®*V™'s™",
and these are far higher than the carrier mobility through an
amorphous organic film of mCBP (<107 em?V~'s7).
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(Example 2) Production of Organic
Electroluminescent Device Using CH,NH,PbCl, as
a Perovskite-Type Compound (Host Material) and
Using Coumarin 153 as a Light-Emitting Material

[0148] On a glass substrate with an anode of indium tin
oxide (ITO) having a thickness of 100 nm formed thereon,
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half-life measured at a current density of 1 mAcm™ are
shown in Table 1. The measured data in Table 1 each are a
mean valuesstandard deviation obtained from measured
data of three devices produced under the same condition.
The half-life is a time in which the emission intensity
reduced to 50% of the initial emission intensity in continu-
ous driving at a current density of 50 mAcm™.

TABLE 1

Drive Voltage

Maximum External Maximum Current Maximum Power

Host (at 1 mAcm™?) Quantum Efficiency Efficiency Efficiency Half-Life
Example No Material V) %) (cdA™ (lmW-1) (hr)
Example 2 CH;NH;PbCl, 5301 2.02 £0.11 832 +0.34 8.44 = 0.39 514 £ 65
Comparative Example 3 mCBP 620 148 £0.13 6.11 = 0.22 5.63 £0.29 543 + 74
thin films were layered according to a vacuum vapor depo- [0151] As in FIG. 7 and FIG. 10, the organic electrolu-

sition method. First, on ITO, HAT-CN was formed in a
thickness of 10 nm, and on this, Tris-PCz was formed in a
thickness of 50 nm. Subsequently, methylammonium chlo-
ride (CH;NH;Cl), lead(I) chloride (PbCl,) and Coumarin
153 were co-deposited from different evaporation sources to
form a light-emitting layer. At that time, the molar ratio of
methylammonium chloride and lead(IT) chloride was 1/1,
and the concentration of Coumarin 153 was 1% by weight.
Next, T2T was formed in a thickness of 20 nm, and on this,
BPy-TP2 was formed in a thickness of 40 nm. Further,
lithium fluoride (LiF) was deposited in a thickness of 0.8
nm, and then aluminum (Al) was deposited in a thickness of
100 nm to be a cathode, thereby providing a laminate. The
laminate was transferred into a glove box filled with nitro-
gen gas, a pair of glass plates were arranged on and below
it and sealed up with a UV epoxy resin to give an organic
electroluminescent device.

(Comparative Example 3) Production of Organic
Electroluminescent Device Using mCBP as a Host
Material and Using Coumarin 153 as a
Light-Emitting Material

[0149] An organic electroluminescent device was pro-
duced in the same manner as in Example 2 except that
mCBP and Coumarin 153 were co-deposited to form a
light-emitting layer having a thickness of 30 nm in place of
co-depositing methylammonium chloride (CH;NH,CI), lead
(II) chloride (PbCl,). At that time, the concentration of
Coumarin 153 was 1% by weight.

[0150] Emission spectra, as measured at a current density
of 10 mAcm™, of the organic electroluminescent devices
produced in Example 2 and Comparative Example 3 are
shown in FIG. 7; and emission spectra, as measured at a
current density of 0.11 mAcm™>, 1.1 mAcm™2, 10.4 mAcm™
or 97 mAcm™2, of the organic electroluminescent device of
Example 2 are shown in FIG. 8. Current density-voltage
characteristics of the organic electroluminescent devices
produced in Example 2 and Comparative Example 3 are
shown in FIG. 9; luminance-voltage characteristics thereof
are in FIG. 10; external quantum efficiency-current density
characteristic thereof are in FIG. 11; and an emission inten-
sity change with time in continuous driving thereof at a
current density of 50 mAcm™> is in FIG. 12. In FIG. 12, the
vertical axis indicates a ratio of emission intensity to initial
emission intensity. Data of drive voltage, maximum external
quantum efficiency, current efficiency, power efficiency and

minescent device of Example 2 has an emission peak in a
green region (495 to 570 nm) and has a high luminance. In
addition, the emission peak of the device corresponds to the
emission wavelength of Coumarin 153, from which it is
known that the emission of the device is derived from
Coumarin 153. In FIG. 8, the four emission spectra are
almost the same, from which is is confirmed that the organic
electroluminescent device of Example 2 shows a constant
emission spectrum irrespective of current density.

[0152] As shown in Table 1 and FIG. 11, the organic
electroluminescent  device of FExample 2 using
CH,NH,PbCl; as a host material has a low drive voltage as
compared with that of the organic electroluminescent device
of Comparative Example 3 using mCBP as a host material,
and was excellent in all the external quantum efficiency, the
current efficiency and the power efficiency.

[0153] Further, as in FIG. 9 and FIG. 10, the voltage of the
organic electroluminescent device of Example 2 that attains
a current density of 100 mAem™ is about 9 V (FIG. 9), and
the luminance at 9 V is about 5,000 cdm™ (FIG. 10).
Namely, the organic electroluminescent device of Example
2 obtained a luminance of about 5,000 cdm™ at a current
density of 100 mAcm™. As opposed to this, a white LED
utilizing energy transfer from a blue perovskite light emitter
to an orange polymer light emitter is reported (Adv. Mater.
2017, 29, 1606859), in which they say that the luminance at
100 mAcm™ is about 100 cdm™=2. The organic electrolumi-
nescent device of Example 2 attained a luminance higher by
about 50 times at the same current density than that of the
white LED.

[0154] As in FIG. 12, the organic electroluminescent
device of Example 2 using CH;NH,PbCl, as a host material
has the same operational stability at that of the organic
electroluminescent device of Comparative Example 3 using
mCBP as a host material. In addition, as in Table 1, the
half-life of the organic electroluminescent device of
Example 2 is 514+65 hours, and was on the same level as
that of the organic electroluminescent device of Compara-
tive Example 3. Here, an electroluminescent device using a
perovskite-type compound as a light emitter, different from
the present invention, is said to be problematic in point of
rapid reduction of emission intensity in continuous driving,
and one reason for this is presumed to be an unstable excited
state of the perovskite-type compound in a high electric
field. As opposed to this, in the organic electroluminescent
device of Example 2 using a perovskite-type compound as
a host material, it is presumed that, even when the per-
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ovskite-type compound has become an unstable excited
state, the excitation energy thereof can transfer to a light-
emitting material and the unstable excited state can be
immediately solved to realize stable operation.

(Example 3) Production of Organic
Electroluminescent Device Using CH;NH,;PbCl; as
a Perovskite-Type Compound (Host Material) and
Using 4CzIPN as a Delayed Fluorescent Material

[0155] An organic electroluminescent device was pro-
duced in the same manner as in Example 2 except that
4CzIPN was used in place of Coumarin 153 to form the
light-emitting layer and the concentration of 4CzIPN in the
light-emitting layer was 5% by weight.

(Example 4) Production of Organic
Electroluminescent Device Using CH;NH;PbCl; as
a Perovskite-Type Compound (Host Material) and
Using a Phosphorescent Material Ir(Ppy); as a
Light-Emitting Material

[0156] An organic electroluminescent device was pro-
duced in the same manner as in Example 2 except that
Ir(ppy); was used in place of Coumarin 153 to form the
light-emitting layer and the concentration of Ir(ppy); in the
light-emitting layer was 8% by weight.

[0157] Emission spectra, as measured at a current density
of 10 mAcm™, of the organic electroluminescent devices
produced in Example 3 and Example 4 are shown in FI1G. 13;
current density-voltage characteristics thereof are in FIG.
14; and external quantum efficiency-current density charac-
teristics thereof are in FIG. 15.

[0158] The organic electroluminescent devices produced
in Example 3 and Example 4 both attained a high external
quantum efficiency of 8 to 9%.

[0159] From the above, it is known that using a pet-
ovskite-type compound as a host material, the efficiency of
organic photoluminescent devices and organic electrolumi-
nescent devices can be enhanced. Further, it is known that
organic electroluminescent devices of the type can lower
drive voltage and can realize good operational stability.
Moreover, the coumarin compound used as a light-emitting
material in these Examples additionally has a lasing func-
tion, and therefore from the results in Examples, perovskite-
type compounds are suggested to be applicable also to
organic laser devices.

Coumarin 153

CF;
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INDUSTRIAL APPLICABILITY

[0160] The host material of the present invention has a
high carrier mobility and is inexpensive. Therefore, using
the host material as a material in a light-emitting layer of an
organic light-emitting device, there can be provided an
organic light-emitting device having a low drive voltage and
a high emission efficiency, and in addition, the material cost
of the organic light-emitting device can be reduced. Accord-

ingly, the industrial applicability of the present invention is
high.
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REFERENCE SIGNS LIST

[0161] 1 Substrate

[0162] 2 Anode

[0163] 3 Hole Injection Layer
[0164] 4 Hole Transport Layer
[0165] 5 Light-Emitting Layer
[0166] 6 Electron Transport Layer
[0167] 7 Cathode

1. (canceled)

2. The film according to claim 4, wherein carrier mobility
of the perovskite-type compound is 107> to 10° cm®V~'s7".

3. (canceled)

4. A film comprising a perovskite-type compound and an
organic light-emitting material.

5. The film according to claim 4, wherein the perovskite-
type compound is represented by the following general
formula (4):

A’BX, @

wherein A® represents an organic cation, B represents a
divalent metal ion, X represents a halide ion, and three X’s
may be the same as or different from each other.

6. The film according to claim 4, wherein the organic
light-emitting material emits light by the energy having
transferred from the perovskite-type compound.

7. The film according to claim 4, wherein the organic
light-emitting material is a compound having a coumarin
skeleton.

8. The film according to claim 4, wherein the inclination
of a single logarithmic chart on a graph where the horizontal
axis indicates a common logarithm of an excitation light
intensity and the vertical axis indicates a photoluminescence
quantum yield is positive.

9. An organic light-emitting device having a light-emit-
ting layer that comprises a perovskite-type compound and an
organic light-emitting material.

10. The organic light-emitting device according to claim
9, wherein the perovskite-type compound is represented by
the following general formula (4):

A3BX; 4)

wherein A® represents an organic cation, B represents a
divalent metal ion, X represents a halide ion, and three X’s
may be the same as or different from each other.

11. The organic light-emitting device according to claim
9, which is an organic electroluminescent device.

12. The organic light-emitting device according to claim
9, wherein the organic light-emitting material emits light by
the energy having transferred from the perovskite-type com-
pound.

13. The organic light-emitting device according to claim
9, wherein the organic light-emitting material is a compound
having a coumarin skeleton.

14. The organic light-emitting device according to claim
9, wherein the inclination of a single logarithmic chart on a
graph where the horizontal axis indicates a common loga-
rithm of an excitation light intensity and the vertical axis
indicates a photoluminescence quantum yield is positive.

ok % k&



RiES
(57190 18 (% FAR) A (i)
B (E R A ()

441 o8 38 (% AR A (%)

FRI& B A

RN

SAEREELE

E()

EAGHT 2LaY TUARHEESRRTFIBRNRNEAME, £
RSy BSWEN ZEMRL USRI ERS L ARBHRN B

RAEE.,

MR EEMEIR S TH

US20200220094A1 NFF(AE)B
US16/640767 RiEHR
By RFEAAMKE

KYUSHUKZ , B KZER

B

I

{L\\

ik

KYUSHUXZ% | B K

MATSUSHIMA TOSHINORI

ADACHI CHIHAYA

QIN CHUANJIANG

SANDANAYAKA SANGARANGE DON ATULA
BENCHEIKH FATIMA

KOMINO TAKESHI

MATSUSHIMA, TOSHINORI

ADACHI, CHIHAYA

QIN, CHUANJIANG

SANDANAYAKA, SANGARANGE DON ATULA
BENCHEIKH, FATIMA

KOMINO, TAKESHI

HO1L51/50 C09K11/06
C09K11/06 HO1L51/5024 HO1L51/50

2017161660 2017-08-24 JP
2018116173 2018-06-19 JP

Espacenet USPTO

2020-07-09

2018-07-24

patsnap

T

|

~

¢

3

v
PN

R )



https://share-analytics.zhihuiya.com/view/b1ae567b-cde2-424d-b632-46407ebaada3
https://worldwide.espacenet.com/patent/search/family/065438740/publication/US2020220094A1?q=US2020220094A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200220094%22.PGNR.&OS=DN/20200220094&RS=DN/20200220094

