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(57) ABSTRACT

Disclosed is an organic electroluminescent device (organic
EL device) that is improved in the luminous efficiency, fully
secured of the driving stability, and of a simple structure. The
organic EL device comprises a light-emitting layer between
an anode and a cathode piled one upon another on a substrate
and the said light-emitting layer comprises (A) a phosphores-
cent dopant whose emission peak wavelength is longer than
600 nm and (B) a host material. The host material contains at
least two kinds of compounds selected from two or more
kinds of derivatives included in (b1) N-substituted indolocar-
bazole derivatives, (b2) derivatives of 8-hydroxyquinoline
aluminum complex, and (b3) bisindolocarbazole derivatives.

2 Claims, 1 Drawing Sheet
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1
ORGANIC ELECTROLUMINESCENT
DEVICE HAVING A LIGHT-EMITTING
LAYER COMPRISING A HOST MATERIAL
OF TWO OR MORE COMPOUNDS

FIELD OF TECHNOLOGY

This invention relates to a novel organic electrolumines-
cent device (hereinafter referred to as organic EL device) and,
more particularly, to an organic EL device that uses a phos-
phorescent dopant emitting red light and a plurality of host
compounds of a specified structure in the light-emitting layer.

BACKGROUND TECHNOLOGY

An organic EL device in the simplest structure is generally
constituted of a light-emitting layer and a pair of counter
electrodes sandwiching the said light-emitting layer. The
device functions by utilizing the following phenomenon;
upon application of an electrical field between the electrodes,
electrons are injected from the cathode and holes are injected
from the anode and the excited state created by recombination
of the electrons and holes in the light-emitting layer returns to
the ground state with emission of light.

In recent years, organic thin films have been used in the
development of organic EL devices. In particular, in order to
enhance the luminous efficiency, the kind of electrodes has
been optimized for the purpose of improving the efficiency of
injecting carriers from the electrodes and a device has been
developed in which a hole-transporting layer composed of an
aromatic diamine and a light-emitting layer composed of
8-hydroxyquinoline aluminum complex (hereinafter referred
to as Alg3) are disposed in thin film between the electrodes.
This device has brought about a marked improvement in the
luminous efficiency over the conventional devices utilizing
single crystals of anthracene and the like and thereafter the
developmental works of organic EL. devices have been
directed toward commercial applications to high-perfor-
mance flat panels featuring self-luminescence and high-speed
response.

In another effort to enhance the luminous efficiency of the
device, the use of phosphorescence in place of fluorescence is
investigated. The aforementioned device comprising a hole-
transporting layer composed of an aromatic amine and a
light-emitting layer composed of Alq3 and many other
devices utilize fluorescence. The use of phosphorescence,
that is, emission of light from the excited triplet state, is
expected to enhance the luminous efficiency approximately
three times that of the conventional devices utilizing fluores-
cence (emission of light from the excited singlet state). To
achieve this objective, the use of coumarin derivatives and
benzophenone derivatives in the light-emitting layer was
investigated, but these derivatives merely produced lumi-
nance at an extremely low level. Europium complexes were
also investigated in trials to utilize the excited triplet state, but
they too failed to emit light at high efficiency.

Patent document 1: JP2003-515897 A

Patent document 2: JP2001-313178 A

Patent document 3: JP2002-305083 A

Patent document 4: JP2003-142264 A

Patent document 5: JP 11-162650 A

Patent document 6: JP 11-176578 A

Non-patent document 1: APPLIED PHYSICS LETTERS,

Vol. 75(1), pp. 4-6, 1999
Non-patent document 2: APPLIED PHYSICS LETTERS,

Vol. 78(11), pp. 1622-1624, 2001
Non-patent document 3: APPLIED PHYSICS LETTERS,

Vol. 89, p. 061111-1-3, 2006

A large number of phosphorescent dopants useful for the
light-emitting layer of an organic EL device are disclosed in
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patent document 1 and elsewhere. A typical example is tris
(2-phenylpyridine)iridium complex (hereinafter referred to
as Ir(ppy)3).

A substance proposed as a host material for the light-
emitting layer of an organic EL device is 4,4'-bis(N-carba-
zolyl)biphenyl (hereinafter referred to as CBP), a carbazole
compound cited in non-patent documents 1 and 2 and patent
document 2 and elsewhere. From the viewpoint of triplet
exciton confinement, CBP is used widely as a host material
for Ir(ppy)3, a phosphorescent material emitting green light,
and for octaethylporphyrin platinum complex (hereinafter
referred to as PtOEP), a phosphorescent material emitting red
light.

However, an organic EL device comprising CBP as a host
material in the light-emitting layer has faced a problem that
the barrier to injection of holes from the hole-transporting
layer composed of an arylamine compound into the light-
emitting layer tends to become higher and the driving voltage
becomes higher.

On the other hand, CBP has a property of allowing holes to
flow more easily than electrons; hence, excess holes tend to
flow out to the side of the electron-transporting layer when
CBP s used and this is one cause for lowering ofthe luminous
efficiency. As a means to solve this problem, a hole-blocking
layer is provided between the light-emitting layer and the
electron-transporting layer as done, for example, in patent
document 3. The hole-blocking layer thus provided accumu-
lates holes efficiently in the light-emitting layer and improves
the probability of recombination of holes and electrons in the
light-emitting layer thereby achieving the object of enhanc-
ing the luminous efficiency. The hole-blocking materials in
general use at present include 2,9-dimethyl-4,7-diphenyl-1,
10-phenanthroline (hereinafter referred to as BCP) and
p-phenylphenolato-bis(2-methyl-8-quinolinolato-N1,08)
aluminum (hereinafter referred to as BAlq). These materials
are capable of preventing electrons and holes from recombin-
ing in the electron-transporting layer. However, BCP lacks
reliability as a hole-blocking material on account of its ten-
dency to crystallize easily even at room temperature and a
device containing BCP shows an extremely short lifetime. On
the other hand, BAlq has a Tg of approximately 100° C. and
a device containing it is reported to show a relatively long
lifetime; however, the hole-blocking ability of BAlq is not
sufficient and the luminous efficiency from Ir(ppy)3 becomes
lower.

Further, it is reported in patent document 4 that BAlq is
applicable as a host material for a light-emitting layer com-
prising a phosphorescent material emitting red light. The use
of BAlq as a host material produces an effect of attaining high
efficiency with no need to provide a hole-blocking layer
between the light-emitting layer and the electron-transporting
layer. Thus, the device would be freed from the unstable
factors attributable to the hole-blocking material and might be
expected to improve in the lifetime. However, BAlq has a
property of hindering the flow of holes and, besides, the
light-emitting layer must be made relatively thick when a
hole-blocking layer is omitted and the problem here is a rise
in the driving voltage.

Still further, it is reported in non-patent document 3 that
4 4'-bis[(N-1-naphthyl)-N-phenylamino]biphenyl (hereinaf-
ter referred to as NPB), a material in widespread use as a
hole-transporting material, is applicable as a host material for
a light-emitting layer comprising a phosphorescent material
emitting red light. The use of NPB as a host material in the
light-emitting layer produces an effect of eliminating the
barrier to injection of holes from the hole-transporting layer
into the light-emitting layer and holding the driving voltage at
a low level. However, the problem with arylamine com-
pounds, typically NPB, has been that the substituents
attached to their nitrogen atom tend to move easily due to the
molecular structure of these compounds thereby increasing
the probability of nonradiative deactivation of triplet excitons
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and, as a result, the efficiency becomes lower. According to
non-patent document 3, an attempt is made to enhance the
luminous efficiency by adding an electron-absorbing material
to the hole-injecting layer and an electron-donating material
to the electron-transporting layer and raising the density of
holes and electrons in the light-emitting layer.

Further, the indolocarbazole compounds disclosed in
patent documents 5 and 6 are recommended for use as a
hole-transporting material and are reputed to be stable. How-
ever, the documents do not teach their use as a phosphorescent
host material.

DISCLOSURE OF THE INVENTION
The Problems to be Solved by the Invention

In applications of organic EL devices to display devices
such as flat panel displays, it is necessary to enhance the
luminous efficiency of the device and, at the same time, to
fully secure the driving stability of the device. Under the
aforementioned circumstances, an object of this invention is
to provide an organic EL, device of high efficiency, good
driving stability, and practical usefulness. Another object of
this invention is to provide a phosphorescent organic EL
device emitting red light.

Means to Solve the Problems

The inventors of this invention have conducted intensive
studies, found as a result that the use of a combination of
plural compounds of a specified structure in the light-emitting
layer of an organic EL device can solve the aforementioned
problems, and completed this invention.

This invention relates to an organic electroluminescent
device comprising a light-emitting layer between an anode
and a cathode piled one upon another on a substrate wherein
the said light-emitting layer comprises (A) a phosphorescent
dopant whose emission peak wavelength is longer than 600
nm and (B) a host material and the said host material com-
prises at least two kinds of compounds selected from (bl) a
compound represented by the following general formula (1),
(b2) a compound represented by the following general for-
mula (2), and (b3) a compound represented by the following
general formula (3).

M

(1a)
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In general formula (1), ring A is a heterocyclic ring fused to
the adjacent rings and represented by formula (1a); X is
independently CR or N and at least one of Xs is N; Ar, is
independently a substituted or unsubstituted aromatic hydro-
carbon or aromatic heterocyclic group of 3 to 24 carbon
atoms; each of R and R, is independently hydrogen, an alkyl
group, an aralkyl group, an alkenyl group, an alkynyl group,
a cyano group, a dialkylamino group, a diarylamino group, a
diaralkylamino group, an amino group, a nitro group, an acyl
group, an alkoxycarbonyl group, a carboxyl group, an alkoxyl
group, an aryloxy group, an alkylthio group, an alkylsulfonyl
group, a haloalkyl group, a hydroxyl group, an amide group,
or a substituted or unsubstituted aromatic hydrocarbon or
aromatic heterocyclic group of 3 to 24 carbon atoms.

In general formula (2), Ar, is a substituted or unsubstituted
aromatic hydrocarbon group of 6 to 24 carbon atoms and R,
is independently hydrogen or an alkyl group of 1 to 12 carbon
atoms.

)

!

In general formula (3), Ar, is independently a substituted or
unsubstituted aromatic hydrocarbon or aromatic heterocyclic
group of 3 to 24 carbon atoms; L is a divalent substituted or
unsubstituted aromatic hydrocarbon or aromatic heterocyclic
group of 3 to 24 carbon atoms; R, is independently hydrogen,
an alkyl group, an aralkyl group, an alkeny! group, an alkynyl
group, a cyano group, a dialkylamino group, a diarylamino
group, a diaralkylamino group, an amino group, a nitro group,
an acyl group, an alkoxycarbonyl group, a carboxyl group, an
alkoxyl group, an aryloxy group, an alkylthio group, an alkyl-
sulfonyl group, a haloalkyl group, ahydroxyl group, an amide
group, or a substituted or unsubstituted aromatic hydrocarbon
or aromatic heterocyclic group of 3 to 24 carbon atoms.
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Of the compounds represented by general formula (1), a BRIEF DESCRIPTION OF THE DRAWING
compound represented by the following general formula (4)
is preferred. FIG. 1 shows the cross section of an example of an organic
EL device.
@ s

PREFERRED EMBODIMENTS OF THE
INVENTION

An organic electroluminescent device according to this

10 invention comprises a light-emitting layer comprising (A) a
phosphorescent dopant and (B) a host material between an
anode and a cathode piled one upon another on a substrate.
Here, the phosphorescent dopant shows an emission peak
wavelength longer than 600 nm and the host material contains

15 atleasttwokinds of compounds selected from the compounds
represented by the aforementioned general formulas (1) to
(3). In the following account, a compound represented by
general formula (1) will occasionally be abbreviated to a
compound of general formula (1) or compound-1. Likewise,

20 acompound represented by general formula (2) or (3) will be
abbreviated to compound-2 or compound-3. Furthermore, as

a compound of general formula (1) includes a compound of
general formula (4) in concept, the former serves as a repre-
sentative of the two wherever necessary. Likewise, as a com-

25 pound of general formula (3) includes a compound of general
formula (5) in concept, the former serves as a representative

of the two. The light-emitting layer comprises at least two

In general formula (4), X, Ar,, and R, respectively have the
same meaning as X, Ar,, and R, in general formula (1).

The host material to be used in an organic electrolumines-
cent device in this invention is a combination of at least two
kinds of compounds selected from the compounds repre-
sented by general formula (1), the compounds represented by
general formula (2), and the compounds represented by gen-
eral formula (3). The following combinations are possible:
(1) a compound represented by general formula (1) and a

compound represented by general formula (2); (2) a com- .
pound represented by general formula (1) and a compound kinds of compounds selected from the group of compound-1,

represented by general formula (3); (3) a compound repre-  compound-2, and compound-3 as a host material.
sented by general formula (2) and a compound represented by 30 Thus, one exa'lmple ot'“ p.referable host n}aterlals to be incor-
general formula (3); and (4) a compound represented by ~ porated in the light-emitting layer contains at least one kind
general formula (1), a compound represented by general for- each of compound-1 and compound-2. Another example con-
mula (2), and a compound represented by general formula tains at least one kind each of compound-1 and compound-3.
(3). Here, a compound represented by general formula (1) A further example contains at least one kind each of com-
may consist of either a single compound or two or more 35 pound-2 and compound-3.

compounds represented by general formula (1) and the same In the aforementioned general formula (1), ring A is a
holds for a compound represented by general formula (2) or  heterocyclic ring fused to the adjacent rings and represented
3). by formula (al) and each of three Xs is independently CR or

In this invention, the compound represented by general N and at least one of Xs is N, preferably two Xs are Ns, more
formula (3) is preferably a compound represented by the 4 preferably three Xs are Ns. Of the compounds represented by
following general formula (5). In general formula (5), Ar, and general formula (1), the compounds represented by the afore-
R, respectively have the same meaning as Ar; and R; in - mentioned general formula (4) are preferred. Here, R has the
general formula (3). same meaning as R, to be explained below and itis preferably

hydrogen.

45 In general formulas (1) and (4), Ar, is independently a
®) substituted or unsubstituted aromatic hydrocarbon or aro-
matic heterocyclic group of 3 to 24 carbon atoms. Preferable
examples of the unsubstituted aromatic hydrocarbon groups
include a phenyl group, a naphthyl group. a phenanthryl
50 group, and an anthracenyl group. Preferable examples of
unsubstituted aromatic heterocyclic groups include a pyridyl
group, a pyrimidyl group, a triazyl group, an imidazolyl
group, a thienyl group, and a carbazolyl group. In the case
where these aromatic hydrocarbon or aromatic heterocyclic
55 groups possess substituents, the preferable substituents
include an alkyl group of 1 to 6 carbon atoms, an alkoxyl
group of 1 to 6 carbon atoms, an aryloxy group of 6 to 12
carbon atoms, an alkylthio group, a substituted amino group,
an acetyl group, a phenyl group, a biphenylyl group, a terphe-
60 nylyl group, a naphthyl group, a pyridyl group, a pyrimidyl
group, a triazyl group, an imidazolyl group, a thienyl group,

and a carbazolyl group.
The group R, is independently hydrogen, an alkyl group,
an aralkyl group, an alkenyl group, an alkynyl group, a cyano
65 group, a dialkylamino group, adiarylamino group, a diaralky-
lamino group, an amino group, a nitro group, an acyl group,
an alkoxycarbonyl group, a carboxyl group, an alkoxyl group,
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an aryloxy group, an alkylthio group, an alkylsulfonyl group,
a haloalkyl group, a hydroxyl group, an amide group, or a
substituted or unsubstituted aromatic hydrocarbon or aro-
matic heterocyclic group of 3 to 24 carbon atoms. Preferred
are an alky! group of 1 to 6 carbon atoms, an alkoxyl group of
1to 6 carbon atoms, an aryloxy group of 6 to 12 carbon atoms,
an alkylthio group, a substituted amino group, an acetyl
group, a phenyl group, a biphenylyl group, a terphenylyl
group, a naphthyl group, a pyridyl group, a pyrimidy] group,
a triazyl group, an imidazolyl group, a thienyl group, and a
carbazolyl group. In the case where the aromatic hydrocarbon
or aromatic heterocyclic groups possess substituents, prefer-
able substituents include those cited in the explanation of Ar, .

In the aforementioned general formula (2), Ar, is a substi-
tuted or unsubstituted aromatic hydrocarbon group of 6 to 24
carbon atoms and preferable examples include a phenyl
group, a naphthyl group, a phenanthryl group, and an anthra-
cenyl group. In the case where the aromatic hydrocarbon
groups possess substituents, preferable substituents include
an alkyl group of 1 to 6 carbon atoms and an aromatic hydro-
carbon group of 6 to 24 carbon atoms. Examples of such alkyl
and aromatic hydrocarbon groups include a methyl group, an
ethyl group, an isopropyl group, a t-butyl group, a phenyl
group, a biphenylyl group, a terphenylyl group, a naphthyl
group, a phenanthryl group, and an anthracenyl group.

The group R, is independently hydrogen or an alkyl group
of 1 to 12 carbon atoms and R, is preferably hydrogen or an
alkyl group of 1 to 6 carbon atoms. Examples of the alkyl
group include a methyl group, an ethyl group, an isopropyl
group, and a t-butyl group.

In the aforementioned general formula (3), Ar, is indepen-
dently a substituted or unsubstituted aromatic hydrocarbon or
aromatic heterocyclic group of 3 to 24 carbon atoms and
preferable examples of the unsubstituted aromatic hydrocar-
bon groups include a phenyl group, a naphthyl group, a
phenanthryl group, and an anthracenyl group. Preferable
examples of the unsubstituted aromatic heterocyclic groups
include a pyridyl group, a pyrimidyl group, a triazyl group, an
imidazolyl group, a thienyl group, and a carbazolyl group. In
the case where these aromatic hydrocarbon or aromatic het-
erocyclic groups possess substituents, preferable substituents
include an alkyl group of 1 to 6 carbon atoms, an alkoxyl
group of 1 to 6 carbon atoms, an aryloxy group of 6 to 12
carbon atoms, an alkylthio group, a substituted amino group,
an acetyl group, a phenyl group, a biphenylyl group, a terphe-
nylyl group, a naphthyl group, a pyridyl group, a pyrimidyl
group, a triazyl group, an imidazolyl group, a thienyl group,
and a carbazolyl group.

The group L is a divalent substituted or unsubstituted aro-
matic hydrocarbon or aromatic heterocyclic group of 3 to 24
carbon atoms. Preferable examples include the divalent
groups formed by removing two hydrogen atoms from single-
ring or fused-ring compounds such as benzene, biphenyl,
naphthalene, phenanthrene, anthracene, fluorene, imidazole,
pyrazole, pyridine, pyrazine, pyrimidine, pyridazine, indoliz-
ine, isoindole, indazole, purine, quinoline, isoquinoline,
naphthyridine, quinoxaline, quinazoline, carbazole, phenan-
thridine, acridine, perimidine, phenazine, triazole, benzimi-
dazole, and benzotriazole. More preferable are the divalent
groups formed by removing two hydrogen atoms from ben-
zene, biphenyl, naphthalene, pyridine, pyrimidine, pyrazine,
triazine, and carbazole. In the case where the aromatic hydro-
carbon or aromatic heterocyclic groups possess substituents,
preferable substituents include those cited in the explanation
of Ar,.

The group R, is independently hydrogen, an alkyl group,
an aralkyl group, an alkenyl group, an alkynyl group, a cyano
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group, a dialkylamino group, adiarylamino group, a diaralky-
lamino group, an amino group, a nitro group, an acyl group,
an alkoxycarbonyl group, a carboxyl group, an alkoxyl group,
an aryloxy group, an alkylthio group, an alkylsulfonyl group,
a haloalkyl group, a hydroxyl group, an amide group, or a
substituted or unsubstituted aromatic hydrocarbon or aro-
matic heterocyclic group of 3 to 24 carbon atoms. Preferred
are an alkyl group of 1 to 6 carbon atoms, an alkoxyl group of
1to 6 carbon atoms, an aryloxy group of 6 to 12 carbon atoms,
an alkylthio group, a substituted amino group, an acetyl
group, a phenyl group, a biphenylyl group, a terphenylyl
group, a naphthyl group, a pyridyl group, a pyrimidyl group,
a triazyl group, an imidazolyl group, a thienyl group, and a
carbazolyl group. In the case where the aromatic hydrocarbon
or aromatic heterocyclic groups possess substituents, prefer-
able substituents include those cited in the explanation of Ar, .

As described above, the host material to be incorporated in
the light-emitting layer of an organic electroluminescent
device according to this invention is composed in several
ways as follows: (1) a case where the host material contains a
compound of general formula (1) and a compound of general
formula (2); (2) a case where the host material contains a
compound of general formula (1) and a compound of general
formula (3); (3) a case where the host material contains a
compound of general formula (2) and a compound of general
formula (3); and (4) a case where the host material contains a
compound of general formula (1), a compound of general
formula (2), and a compound of general formula (3). The
aforementioned cases (1) to (4) are roughly divided into a
group that contains a compound of general formula (1) as an
essential component and a group that does not contain a
compound of general formula (1) and contains a compound of
general formula (2) and a compound of general formula (3) as
essential components. The aforementioned cases (1), (2), and
(4) belong to the former while the aforementioned case (3)
belongs to the latter.

The mixing ratio of these compounds is not limited. How-
ever, from the viewpoint of the driving voltage, luminous
efficiency, and lifetime, the ratio is (1-99):(1-99), preferably
(10-90):(10-90), in the case where two kinds of compounds
are selected from a compound of general formula (1), a com-
pound of general formula (2), and a compound of general
formula (3). The ratio is (1-98):(1-98):(1-98), preferably (10-
80):(10-80):(10-80), in the case where three kinds of com-
pounds are selected from a compound of general formula (1),
a compound of general formula (2), and a compound of
general formula (3).

In the aforementioned cases of (1), (2), and (4), the mixing
ratio of these compounds is not limited. Designating the
weight of a compound of general formula (1) (or the sum of
weight when two or more compounds of general formula (1)
are used) as b 1 and the weight of a compound of general
formula (2) or (3) (or the sum of weight when two or more
compounds of general formula (2) or (3) are used) as b2, the
ratio of b1 to the sum of b1 and b2 is preferably in the range
of 0.1-99 wt %, more preferably in the range of 20-90 wt %,
from the viewpoint of the driving voltage, luminous effi-
ciency, and lifetime. The properties of low driving voltage
and long lifetime, characteristic of a compound of general
formula (1), are not manifested when the ratio is 0.1 wt % or
less while the effect for enhancing the luminous efficiency by
means of mixing is not pronounced when the ratio is 99 wt %
or more. Further, as for a compound of general formula (2) or
acompound of general formula (3), one of them alone or both
of them may be used, respectively as a single compound or as
a mixture of plural compounds.
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In the aforementioned case (3), the mixing ratio of a com-
pound of general formula (2) and a compound of general
formula (3) is not limited. However, from the viewpoint of the
driving voltage, luminous efficiency, and lifetime, the weight
of a compound of general formula (2) to the sum of the
weights of a compound of general formula (2) and a com-
pound of general formula (3) is preferably in the range of
0.1-99 wt %, more preferably in the range of 20-90 wt %. The
properties of low driving voltage and long lifetime, charac-
teristic of a compound of general formula (2), do not improve
when the ratio is 0.1 wt % or less while the effect of enhancing
the luminous efficiency is not pronounced when the ratio is 99
wt % or more.

As a host material to be incorporated in the light-emitting
layer, a compound of general formula (1) and a compound of
general formula (2) or (3) may be mixed in advance before use
or they may be co-vacuum-deposited during formation of the
light-emitting layer. Likewise, a compound of general for-
mula (2) and a compound of general formula (3) may be
mixed in advance before use or they may be co-vacuum-
deposited during formation of the light-emitting layer.

The compounds represented by general formulas (1) to (3)
and by general formulas (4) and (5) to be incorporated in the
organic EL device of this invention can be prepared easily by
one of known methods. For example, a compound repre-
sented by general formula (1) or (4) can be prepared by a
sequence of reactions illustrated below with reference to a
synthetic example described in Synlett., 2005, No. 1, pp.
42-48.

an

) NH— NH, HCl
O
+ | N —_—
X
Ry
Ry
R, I
x S ~
ot [ L.
I L
SN NETNF
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-continued
Ry

BN

N

A A
Ary N "Arg

A compound represented by general formula (2) can be
prepared by a sequence of reactions illustrated below with
reference to a synthetic example described in JP Hei
4-206685 A.

HyC o_ O CHy
TV
CH; O CH;
HC CH;
R R
R R
/
| + HO—Ap —
X
R N R
OH
R R
R R
/ ‘
>
R N R
0
R 0 \
|
7 o
R N
7/ N\,
y —

A compound represented by general formula (3) can be
prepared by a sequence of reactions illustrated below with
reference to a synthetic example described in Tetrahedron,
1991, Vol. 47, No. 37, pp. 7739-7750.
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Preferable examples of the compounds represented by gen-
eral formula (1) or general formulas (2) and (3) are shown 60
below, but are not limited thereto. Here, Compound 1-1 to
Compound 1-8 are examples of the compounds represented
by general formula (1), Compound 2-1 to Compound 2-8 are
examples of the compounds represented by general formula
(2), and Compound 3-1 to Compound 3-8 are examples of the
compounds represented by general formula (3).
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The light-emitting layer comprises a phosphorescent
dopant whose emission peak wavelength is longer than 600

65 nm together with the aforementioned host material. The
maximum emission wavelength of the dopant is preferably
600-800 nm. When the wavelength is shorter than 600 nm,
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yellow light is emitted. When the wavelength is longer than
800 nm, infrared light is emitted.

The materials for phosphorescent dopants preferably
include organic metal complexes containing at least one
metal selected from ruthenium, rhodium, palladium, silver,
rhenium, osmium, iridium, platinum, and gold. Such organic
metal complexes are well known in the aforementioned
patent documents and elsewhere and a suitable complex can
be selected from them and used in this invention.

The aforementioned phosphorescent dopants include com-
plexes containing a noble metal element such as Ir in the
center, typically Ir(piq)3, and complexes such as PtOEt.
Examples of these complexes are shown below, but are not
limited thereto.
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The content of the aforementioned phosphorescent dopant
in the light-emitting layer is in the range of 1-20 wt %,
preferably in the range of 5-10 wt %. The content of the host
material in the light-emitting layer is 50 wt % or more, pref-
erably in the range of 90-95 wt %.

The process for forming a light-emitting layer is not spe-
cifically limited and a material containing a phosphorescent
dopant and a host material is dissolved in a solvent and the
solution is formed into thin film by a wet process such as spin
coating and inkjet technology or the material is formed into
thin film by a dry process such as vacuum deposition.

The organic electroluminescent device of this invention
comprises the aforementioned light-emitting layer between
an anode and a cathode piled one upon another on a substrate.
It is sufficient as long as the organic electroluminescent
device is constructed of the substrate, the anode, the cathode,
and the light-emitting layer and, preferably, a hole-injecting/
transporting layer is disposed between the anode and the
light-emitting layer and an electron-injecting/transporting
layer is disposed between the cathode and the light-emitting
layer.

The structure of the organic EL device of this invention will
be explained next with reference to the drawing, but the
structure of the device is not limited to the one illustrated in
the drawing.

FIG. 1 schematically shows an example of the structure of
an organic EL device generally used in this invention and the
symbols in F1G. 1 stand for the following: 1 for a substrate, 2
for an anode, 3 for a hole-injecting layer, 4 for a hole-trans-
porting layer, 5 for a light-emitting layer, 6 for an electron-
transporting layer, and 7 for a cathode. The organic EL device
of this invention comprises a substrate, an anode, a light-
emitting layer, and a cathode as essential layers; in addition,
the device preferably contains a hole-injecting/transporting
layer and an electron-injecting/transporting layer and, fur-
ther, a hole-blocking layer disposed between the light-emit-
ting layer and the electron-injecting/transporting layer. The
term hole-injecting/transporting layer means a hole-injecting
layer and/or ahole-transporting layer while the term electron-
injecting/transporting layer means an electron-injecting layer
and/or an electron-transporting layer.

10

20

25

30

35

40

45

50

55

60

65

24

Tt is possible to build a structure that is the reverse of the
structure shown in FIG. 1 by piling the cathode 7, the elec-
tron-transporting layer 6, the light-emitting layer 5, the hole-
transporting layer 4, and the anode 2 one upon another in this
order on the substrate 1. As described earlier, it is also pos-
sible to dispose the organic EL device of this invention
between two substrates at least one of which is highly trans-
parent. In this case of the reverse structure, it is possible to add
or omit a layer or layers as needed.

The substrate 1 serves as a support for anorganic EL device
and the materials useful therefor include a quartz plate, a glass
plate, a metal sheet, a metal foil, a plastic film, and a plastic
sheet. In particular, a glass plate is preferred.

The anode 2 plays a role of injecting holes into the hole-
injecting layer 3. The anode 2 is usually constructed of ametal
such as aluminum, gold, silver, nickel, palladium, and plati-
num, a metal oxide such as an oxide of indium and/or tin
(ITO), a metal halide such as copper iodide, carbon black, or
an electrically conductive polymer such as poly(3-methylth-
iophene), polypyrrole, and polyaniline.

The light-emitting layer 5 is constituted of a light-emitting
substance that emits light when excited by recombination of
holes injected from the anode 2 and migrating through the
hole-transporting layer 4 and electrons injected from the cath-
ode 7 and migrating through the electron-transporting layer 6
upon application of an electrical field to the electrodes. The
light-emitting layer 5 comprises the aforementioned dopant
material and host material as a light-emitting substance.

The cathode 7 plays a role of injecting electrons through
the electron-transporting layer 6 into the light-emitting layer
5. The materials useful for the cathode 7 are preferably metals
of low work function for efficient injection of electrons and
examples include metals such as tin, magnesium, indium,
calcium, cesium, aluminum, and silver and alloys thereof.
Examples of the alloys include magnesium-silver alloys,
magnesium-indium alloys, and aluminum-lithium alloys.

The hole-injecting layer 3, the hole-transporting layer 4,
and the electron-transporting layer 6 are optional organic
layers; the hole-injecting layer 3 is used for the purpose of
enhancing the efficiency of injecting holes into the hole-
transporting layer 4 while the hole-transporting layer 4 and
the electron-transporting layer 6 transport respectively holes
and electrons to the light-emitting layer 5. It is allowable to
dispose an electron-injecting layer between the cathode 7 and
the electron-transporting layer 6. The materials useful for
these layers are well known.

The materials for the hole-injecting layer include phthalo-
cyanine compounds such as copper phthalocyanine (CuPC),
organic compounds such as polyaniline and polythiophene,
and oxides of metals such as vanadium, ruthenium, and
molybdenum.

The materials for the hole-transporting layer include tria-
zole derivatives, oxadiazole derivatives, imidazole deriva-
tives, polyarylalkane derivatives, pyrazoline derivatives,
pyrazolone derivatives, phenylenediamine derivatives, ary-
lamine derivatives such as NPB, amino-substituted chalcone
derivatives, oxazole derivatives, styrylanthracene derivatives,
fluorenone derivatives, hydrazone derivatives, stilbene
derivatives, silazan derivatives, aniline-based copolymers,
and electrically conductive oligomers, typically thiophene
oligomers.

The materials for the electron-transporting layer include
metal complexes such as Alg3, 10-hydroxybenzo[h]quino-
line metal complexes, oxadiazole derivatives, distyrylbiphe-
nyl derivatives, silole derivatives, 3- or 5-hydroxyflavone
metal complexes, benzoxazole metal complexes, benzothia-
zole metal complexes, trisbenzimidazolybenzene, quinoxa-
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line compounds, phenanthroline derivatives, 2-t-butyl-9,10-
N,N'-dicyanoanthraquinonediimine, n-type hydrogenated
amorphous silicon carbide, n-type zinc sulfide, and n-type
zine selenide.

It is possible to build a structure that is the reverse of the
structure shown in FIG. 1 by piling the cathode 7, the elec-
tron-transporting layer 6, the light-emitting layer 5, the hole-
transporting layer 4, and the anode 2 one upon another in this
order on the substrate 1. As described earlier, it is also pos-
sible to dispose the organic EL. device of this invention
between two substrates at least one of which is highly trans-
parent. In this case of the reverse structure, it is possible to add
or omit a layer or layers as needed.

The organic EL device of this invention is applicable to a
single device, a device with its structure arranged in array, or
a device in which the anode and the cathode are arranged in
X-Y matrix. This invention provides an organic EL. device
that 1s enhanced in the luminous efficiency and markedly
improved in the driving stability compared with the conven-
tional devices utilizing emission of light from the excited
singlet state by incorporating a compound of a specified skel-
eton and a phosphorescent dopant in the light-emitting layer
and the device can perform excellently in applications to
full-color or multicolor panels.

EXAMPLES

This invention will be explained in more detail below with
reference to the examples, but it will not be limited to these
examples.

Example 1

Anorganic EL device constituted as in FIG. 1 with addition
of an electron-injecting layer was fabricated. Applying the
vacuum deposition process at a degree of vacuum of 4.0x10~*
Pa, the constituent layers were deposited in thin film one upon
another on a glass substrate on which a 110 nm-thick ITO
anode had been formed. First, CuPC was deposited on the
ITO anode to a thickness of 30 nm as a hole-injecting layer
and NPB was deposited to a thickness of 50 nm as a hole-
transporting layer.

Then, a light-emitting layer was formed on the hole-trans-
porting layer by co-depositing illustrated Compound 1-1,
illustrated Compound 2-1, and illustrated Compound 3-1 as a
host material and Ir(piq),acac (illustrated Compound 4-8) as
a dopant from different evaporation sources to a thickness of
40 nm. At this point, the co-deposition was performed under
such conditions as to control the concentration of Tr(piq),acac
at 6.0 wt % and the weight ratio illustrated Compound 1-1:
illustrated Compound 2-1:illustrated Compound 3-1 at 1:1:1.
Then Alq3 was deposited to a thickness of 37.5 nm as an
electron-transporting layer. Further, lithium fluoride (LiF)
was deposited on the electron-transporting layer to a thick-
ness of 0.5 nm as an electron-injecting layer. Finally, alumi-
num (Al) as an electrode was deposited on the electron-
injecting layer to a thickness of 170 nm to complete the
fabrication of the organic EL device.

The organic EL device thus fabricated was connected to an
outside power source and, when direct current voltage was
applied, the device was confirmed to emit light with the
characteristics shown in Table 1. In Table 1, the luminance,
voltage, and luminous efficiency were measured at 10
mA/cm?. The luminance half life at an initial luminance of
1,000 cd/m? is shown in Table 1. The maximum wavelength
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of the spectrum of light emitted from the device was 620 nm
and this proves that light is emitted from Ir(piq),acac.

Examples 2-13

Organic EL devices were fabricated as in Example 1 with
the exception of changing the host materials incorporated in
the light-emitting layer as shown in Table 1 and their lumi-
nous characteristics and luminance half life were evaluated.
The vacuum deposition of the compounds of general formu-
las (1), (2), and (3) was performed under such conditions as to
control the weight ratio after the vacuum deposition at 1:1
when two kinds were used or at 1:1:1 when three kinds were
used. The results are shown in Table 1. The maximum wave-
length of the spectrum of light emitted from the device was
620 nm and this proves that light is emitted from Ir(piq),acac.

Comparative Examples 1-3

Organic EL devices were fabricated as in Example 1 with
the exception of using respectively illustrated Compound 1-1,
illustrated Compound 2-1, and illustrated Compound 3-1 sin-
gly as a host material and their luminous characteristics and
luminance half life were evaluated. The results are shown in
Table 1.

TABLE 1
Host
material Initial Luminous Luminance

(Compound luminance Voltage efficiency half life

No.) (cd/m?) ) (Im/W) (h)
Example

1 1-1 2-1 3-1 945 73 4.1 7900

2 1-1 3-1 602 73 2.6 6400

3 1-1 3-2 600 7.0 2.7 5600

4 1-1 3-3 491 7.6 2.0 5600

5 1-1 2-1 582 72 2.5 5487

6 -1 22 663 7.7 24 7400

7 1-1 23 685 75 2.9 6700

8 1-1 24 420 73 1.6 5800

9 1-4 2-1 629 74 2.7 6200

0 1-5 2-1 736 8.0 2.9 8200

11 1-2 2-1 1017 8.1 39 10100

12 1-2 22 976 8.3 3.7 7800

13 1-8 2-1 904 8.0 3.6 5500
Com-
parative
example

1 1-1 371 7.1 1.6 6100

2 2-1 1240 9.1 4.3 5500

3 3-1 913 8.0 3.6 1200

Example 14

An organic EL device constituted as in FIG. 1 withaddition
of an electron-injecting layer was fabricated. Applying the
vactum deposition process at a degree of vacuum of 4.0x10™*
Pa, the constituent layers were deposited in thin film one upon
another on a glass substrate on which a 110 nm-thick ITO
anode had been formed. First, CuPC was deposited on the
ITO anode to a thickness of 30 nm as a hole-injecting layer
and then NPB was deposited to a thickness of 50 nm as a
hole-transporting layer.

Next, a light-emitting layer was formed on the hole-trans-
porting layer by co-depositing illustrated Compound 2-1 and
illustrated Compound 3-1 as a host material and Ir(piq),acac
(illustrated Compound 4-8) as a dopant from different evapo-
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ration sources to a thickness of 40 nm. At this point, the
co-deposition was performed under such conditions as to
control the concentration of Ir(piq),acac at 6.0 wt % and the
weight ratio illustrated Compound 2-1:illustrated Compound
3-1atl:1. ThenAlq3 was deposited to a thickness 0f37.5 nm
as an electron-transporting layer. Further, lithium fluoride
(LiF) was deposited on the electron-transporting layer to a
thickness of 0.5 nm as an electron-injecting layer. Finally,
aluminum (Al) as an electrode was deposited on the electron-
injecting layer to a thickness of 170 nm to complete the
fabrication of the organic EL device.

The organic EL device thus fabricated was connected to an
outside power source and, when direct current voltage was
applied, the device was confirmed to emit light with the
characteristics shown in Table 2. In Table 2, the luminance,
voltage, and luminous efficiency were measured at 10
mA/cm?, The luminance half life at an initial luminance of
1,000 cd/m? is shown in Table 2. The maximum wavelength
of the spectrum of light emitted from the device was 620 nm
and this proves that light is emitted from Ir(piq),acac.

Examples 15-19

Organic EL devices were fabricated as in Example 14 with
the exception of changing the host materials as shown in
Table 2 and their luminous characteristics and luminance half
life were evaluated. The vacuum deposition of the com-
pounds of general formulas (2) and (3) was performed under
such conditions as to control the weight ratio after the vacuum
deposition at 1:1. The results are shown in Table 2. The
maximum wavelength of the spectrum of light emitted from
the device was 620 nm and this proves that light is emitted
from Ir(piq),acac.

TABLE 2
Host
material Initial Luminous Luminance
(Compound luminance Volage efficiency half life
Example No.) (cd/m?) V) (Im/W) ()
14 2-1 31 1064 7.9 4.2 7800
15 22 31 924 8.0 3.6 7500
16 2-1 3-2 891 7.6 3.7 5900
17 22 33 905 84 3.4 6100
18 2-4 33 950 8.3 3.6 5600
19 2-3 3-1 985 83 37 6300

INDUSTRIAL APPLICABILITY

The organic EL device of this invention is capable of emit-
ting light of high luminance at high efficiency with applica-
tion of low voltage. Hence, the device is of high technical
value because of its potential applicability to flat panel dis-
plays (for example, in office computers and wall-hanging
television sets), vehicle-mounted display devices, mobile
phone displays, light sources utilizing the characteristics of
planar light emitters (for example, light sources for copiers
and backlight sources of liquid crystal displays and instru-
ments), signboards, and beacon lights.
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The invention claimed is:
1. An organic electroluminescent device, comprising:

alight-emitting layer between an anode and a cathode piled
one upon another on a substrate wherein the said light-
emitting layer comprises (A) a phosphorescent dopant
whose emission peak wavelength is longer than 600 nm
and (B) a host material and the said host material com-
prises (b1) a compound represented by the following
general formula (1) and a compound represented by the
following general formula (3):

M

(12)

wherein ring A is a heterocyclic ring fused to the adjacent
rings and represented by formula (1a); X is independently CR
or N and at least one of Xs is N; Ar, is independently (i) an
aromatic hydrocarbon group selected from the group consist-
ing of a phenyl group, a naphthyl group, a phenanthryl group,
and an anthracenyl group or (i) an aromatic heterocyclic
group selected from the group consisting of a pyridyl group,
a pyrimidyl group, a triazyl group, an imidazolyl group, a
thienyl group, and a carbazolyl group, wherein the aromatic
hydrocarbon group or the aromatic heterocyclic group is
optionally substituted with substituents selected from the
group consisting of an alkyl group of 1 to 6 carbon atoms, an
alkoxyl group of 1 to 6 carbon atoms, an aryloxy group of 6 to
12 carbon atoms, an alkylthio group, a substituted amino
group, an acetyl group, a phenyl group, a biphenylyl group, a
terphenylyl group, a naphthyl group, a pyridyl group, a
pyrimidyl group, a triazyl group, an imidazolyl group, a thie-
nyl group, and a carbazolyl group; each of R and R, is inde-
pendently hydrogen, an alkyl group, an aralkyl group, an
alkenyl group, an alkynyl group, a cyano group, a dialky-
lamino group, a diarylamino group, a diaralkylamino group,
an amino group, a nitro group, an acyl group, an alkoxycar-
bonyl group, a carboxyl group, an alkoxyl group, an aryloxy
group, an alkylthio group. an alkylsulfonyl group, a haloalkyl
group, a hydroxyl group, an amide group, or an aromatic
hydrocarbon group of 6 to 24 carbon atoms or an aromatic
heterocyclic group of 3 to 24 carbon atoms, wherein the
aromatic hydrocarbon group or the aromatic heterocyclic
group is optionally substituted,;
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wherein Ar; is independently an aromatic hydrocarbon group
of 6 to 24 carbon atoms or an aromatic heterocyclic group of
3 to 24 carbon atoms, wherein the aromatic hydrocarbon
group or the aromatic heterocyclic group is optionally sub-
stituted; I is a divalent aromatic hydrocarbon group of 6 to 24
carbon atoms or an aromatic heterocyclic group of 3 to 24
carbon atoms, wherein the aromatic hydrocarbon group or the
aromatic heterocyclic group is optionally substituted; R, is
independently hydrogen, an alkyl group. an aralkyl group, an
alkenyl group, an alkynyl group, a cyano group, a dialky-
lamino group, a diarylamino group, a diaralkylamino group,
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an amino group, a nitro group, an acyl group, an alkoxycar-
bonyl group, a carboxyl group, an alkoxyl group, an aryloxy
group, an alkylthio group., an alkylsulfonyl group, a haloalkyl
group, a hydroxyl group, an amide group, or an aromatic
hydrocarbon group of 6 to 24 carbon atoms or an aromatic
heterocyclic group of 3 to 24 carbon atoms wherein the aro-
matic hydrocarbon group or the aromatic heterocyclic group
is optionally substituted.

2. An organic electroluminescent device as described in
claim 1, wherein the compound represented by general for-
mula (1) is a compound represented by the following general
formula (4):

)

wherein X, Ar,, and R, respectively have the same meaning as
X, Ar, and R, in general formula (1).
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