US 20070292717A1

12) Patent Application Publication (o) Pub. No.: US 2007/0292717 Al

a9y United States

Watanabe et al. 43) Pub, Date: Dec. 20, 2007
(54) ORGANIC ELECTROLUMINESCENCE (32) US.CL ... 428/690; 428/917; 313/504; 313/506;
DEVICE AND DISPLAY APPARATUS 257/40; 257/551.032; 257/E51.044

(75) Inventors: Taiki Watanabe, Tokyo (JP);
Akira Tsuboyama, Tokyo (JP);
Satoru Shiobara, Tokvo (JP);
Koichi Suzuki, Yokohama-shi (JP);

Kazunori Ueno, Ebina-shi (JP)

Correspondence Address:
FITZPATRICK CELLA HARPER & SCINTO
30 ROCKEFELLER PLAZA
NEW YORK, NY 10112
(73) Assignee: CANON KABUSHIKI KAISHA,
Tokyo (IP)

(21) Appl. No.:  11/759,554

(22) Filed: Jun. 7, 2007

(30) Foreign Application Priority Data

Jun. 15,2006 (JP) coorenericercecennne 2006-165462

Publication Classification

(51) Int.CL

HO1L 51/54 (2006.01)

(57) ABSTRACT

The present invention provides an organic electrolumines-
cence device using a novel phosphorescent metal complex
compound and having high efliciency, high luminance, and
high durability. The organic electroluminescence device
includes a pair of electrodes including an anode and a
cathode, and one or more organic layers each containing an
organic compound, the one or more organic layers being
interposed between the pair of electrodes, wherein at least
one of the one or more organic layers contain a phospho-
rescent metal complex compound having at least one ligand
structure represented by the following general formula (1):

M

where at least one of X, Y and 7 represents an aromatic
oligomer having 13 or more carbon atoms and bonded
directly or via a linking group.
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ORGANIC ELECTROLUMINESCENCE
DEVICE AND DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an organic light-
emitting device (also referred to as “organic electrolumines-
cence device” or “organic EL device”) which includes a
novel metal complex compound for a light-emitting device;
and is used in, for example, a surface light source or a flat
panel display.

[0003] 2. Description of the Related Art

[0004] An organic electroluminescence device has been
recently expected to find applications in next-generation
full-color displays because of its characteristics of a low
driving voltage, high responsiveness, high efficiency, and
high visibility. In association with the recent expectation, an
applied research for forming an organic electroluminescence
device that can be practically used, including the develop-
ment of a material for such device, has been vigorously
conducted.

[0005] As detailed in Macromol. Symp. 125, 1 to 48
(1997), an organic electroluminescence device is generally
of such a structure that organic layers including a fluorescent
light-emitting layer are formed between two electrodes as
upper and lower electrodes formed on a transparent sub-
strate.

[0006] Recently, studies have been made on a device using
not only conventional light emission utilizing fluorescence
at a time of transition from a singlet exciton to a ground
state, but also phosphorescence emission through a triplet
exciton which is typified by “Improved energy transfer in
electrophosphorescent device (D. F. O’Brien, et al., Applied
Physics Letters Vol. 74, No. 3, p. 442 (1999))” and “Very
high-efficiency green organic light-emitting devices based
on electrophosphorescence (M. A. Baldo, et al., Applied
Physics Letters Vol. 75, No. 1, p. 4 (1999))”. In each of those
documents, an organic layer having a four-layer structure is
mainly used. The structure includes a hole transport layer, a
light-emitting layer, an exciton diffusion blocking layer, and
an electron transport layer in the stated order from an anode
side. A phosphorescent light-emitting material contained in
the above organic layers is a phosphorescent metal complex
compound having Pt or Ir as its central metal, and Ir(ppy);
(ppy: phenylpyridine) is a representative example of this
compound. A host such as a carbazole- or triazole-based
compound is doped with a low corncentration (about several
percent) of this compound.

[0007] Meanwhile, a research on a polymer type organic
electroluminescence device useful for large screen size and
cost reduction (no use of mask) has also been actively
advanced. A polymeric material to be used in the polymer
type organic electroluminescence device cannot be vapor-
deposited (sublimated), but is soluble in an organic solvent
or the like, and therefore an application method such as a
spin coating method, a printing method, or an ink jet method
is adapted for the material. A shadow mask is indispensable
to patterning by a vapor deposition (sublimation) method,
and therefore the patterning involves a large problem in that
the utilization efficiency of a material is about several
percent. On the other hand, the application method has a
high advantage that the utilization efliciency of a material
reaches 100% because the application method requires no
mask.
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[0008] Researches on use of a phosphorescent metal com-
plex compound even in such polymer type organic elec-
troluminescence device have also been conducted. Most of
the researches each relate to a device having a light-emitting
layer containing, as a host, a carrier transport polymer (for
example, polyvinyl carbazole) doped with a low concentra-
tion (about several percent) of a phosphorescent metal
complex compound (for example, Ir(ppy);) (Nature, 347,
539 (1990)).

[0009] In addition, a group of University of Cambridge
(Journal of the American Chemical Society, 126 (22), 7041
(2004)) has reported that Ir(ppy); as a phosphorescent metal
complex compound is formed into a polymer. Specifically,
the document describes a device using, in its light-emitting
layer, a phosphorescent metal complex compound having a
ligand obtained by introducing polyfluorene (having 40 or
less repeating units) into a phenyl group of phenylpyridine
(ppy) described above. However, the external quantum
efficiency of the device is as low as 1.5% at maximum.
[0010] In addition, a group of NHK (Applied Physics
Letters, 86, 103507 (2005)) has reported a material of a type
which is obtained by bonding Ir(ppy).acac (ppy: phenylpy-
ridine, acac: acetylacetone) as a phosphorescent metal com-
plex compound to a side chain of polyethylene. The concept
of the above-mentioned material is different from that of the
present invention, that is, “phosphorescent metal complex
compound having no molecular weight distribution and a
molecular weight which can be defined”. However, an
organic electroluminescence device using this material
shows an external quantum efficiency of 11.8% as a rela-
tively high efficiency.

[0011] Known examples of a mechanism by which the
emission efficiency of such polymer type organic electrolu-
minescence device as described above is controlled include
energy transfer from the singlet or triplet excited state of a
polymer host to a phosphorescent metal complex compound,
and direct excitation on the phosphorescent metal complex
compound. Therefore, one means for causing the phospho-
rescent metal complex compound to efficiently emit light is
to satisfy the following conditions: the singlet or triplet
energy level of the host is higher than that of the phospho-
rescent metal complex compound, and the band gap of the
host is large. Further, for example, the following three points
are extremely important factors for causing the compound to
more efliciently emit light. That is, a first point is that the
solubility of the host and the phosphorescent metal complex
compound in a solvent is excellent. A second point is that
phosphorescent metal complex compound molecules do not
agglomerate or associate (static quenching) in a solution or
a film. A third point is that collision between excited
molecules and other molecules (dynamic quenching) is
suppressed. In addition, a polymeric material has a molecu-
lar weight distribution, and the molecules of the material are
not formed of a single component. Therefore, when the
material is formed into a film, the material inevitably
involves a problem that a defect or an impurity is observed
in the film. This problem largely affects the long-term
stability (life-time of the device) of the device, and is one
cause for the fact that the life-time of a polymer type device
is hardly comparable to that of a low weight molecular type
device.
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SUMMARY OF THE INVENTION

[0012] The present invention has been made in view of the
above problems, and an object of the present invention is to
provide an organic electroluminescence device using a novel
phosphorescent metal complex compound and having high
efficiency, high luminance, and high durability. Another
object of the present invention is to provide an organic
electroluminescence device that can be easily produced at a
relatively low cost.

[0013] To solve the above problems, the inventors of the
present invention have synthesized a phosphorescent metal
complex compound based on the following concepts: (1) the
compound is phosphorescent, (2) the compound has no
molecular weight distribution (the molecular weight of the
compound can be defined), (3) the solubility of the com-
pound in a solvent is excellent, (4) the molecules of the
compound do not agglomerate in a solution or a film, (5) the
compound has high efficiency and high luminance even
when no host is used, and (6) the compound has three
functions, that is, a light-emitting function, a hole transport
function, and an electron transport function. The inventors
have found that an organic electroluminescence device
having higher efficiency, high luminance, and high durabil-
ity can be produced by using the compound. Thus, the
inventors have completed the present invention.

[0014] That is, an organic electroluminescence device of
the present invention includes: a pair of electrodes including
an anode and a cathode; and one or more organic layers each
containing an organic compound, the one or more organic
layers being interposed between the pair of electrodes,
wherein at least one of the one or more organic layers
contains a phosphorescent metal complex compound having
at least one ligand structure represented by the following
general formula (1):

&)

where at least one of X, Y and Z represents an aromatic
oligomer having 13 or more carbon atoms and bonded
directly or through a linking group, and X, Y and Z may be
the same or different; the linking group includes a substi-
tuted or unsubstituted methylene group, a substituted or
unsubstituted ethylene group, —O—, —S—, —CO—,
—CO—0—, —0—CO—, —CH=CH—, —CO—N(-)-,
—(C=C—, —N(-)-, —O-Ph-, or —O-Ph(-)- provided that
Ph represents benzene; and the number of each of repeating
units 1, IT and III is O or more and 5 or less.

[0015] An organic electroluminescence device using the
phosphorescent metal complex compound of the present
invention is an excellent device capable of not only emitting
light with high efficiency but also maintaining high lumi-
nance for a long time period.

[0016] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIGS. 1A, 1B and 1C are views each illustrating an
example of a light-emitting device of the present invention.
[0018] FIG. 2 is a view schematically illustrating an
example of the constitution of a panel provided with an EL
device and a driving unit.

[0019] FIG. 3 is a view illustrating an example of a pixel
circuit.
[0020] FIG. 4 is a schematic view illustrating an example

of the sectional structure of a TFT substrate.

DESCRIPTION OF THE EMBODIMENTS

[0021] Hereinafter, the present invention will be described
in detail.
[0022] First, a phosphorescent metal complex compound

of the present invention will be described.

[0023] At least one ligand structure of the phosphorescent
metal complex compound of the present invention is repre-
sented by the above general formula (1).

[0024] At least one of X, Y and Z in the formula (1)
represents an aromatic oligomer having 13 or more carbon
atoms and bonded directly or through a linking group; an
aromatic ring as a repeating unit is a substituted or unsub-
stituted aryl group, or a substituted or unsubstituted hetero-
cyclic ring.

[0025] Examples of the substituted or unsubstituted aryl
include benzene, methylbenzene, ethylbenzene, t-butylben-
zene, octylbenzene, chlorobenzene, iodobenzene, dimethyl-
benzene, diethylbenzene, diphenylaminobenzene, phenyl-
benzene, naphthalene, anthracene, phenanthrene, fluorene,
acenaphthalene, azulene, heptacene, heptaphene, acean-
thrylene, pyrene, perylene, 1,3-diphenylbenzene, pentacene,
coronene, hexaphene, and chrysene.

[0026] Examples of the substituted or unsubstituted het-
erocycle include furane, thiophene, pyrrole, pyrroline, pyr-
rolidine, oxazole, isoxazole, thiazole, isothiazole, imidazole,
imidazoline, imidazolidine, pyrazole, pyrazolidine, furazan,
pyran, pyrene, pyridine, methylpyridine, ethylpyridine,
bipyridine, piperidine, pyridazine, pyrimidine, pyrazine,
piperazine, morpholine, indole, indoline, indazole, quino-
line, isoquinoline, cinnoline, phthalazine, quinazoline, qui-
noxaline, naphthyridine, purine, pteridine, carbazole, acri-
dine, phenanthroline, phenoxazine, and thianthrene.

[0027] When one or two of X, Y and Z in the general
formula (1) represent an oligoaromatic group having 13 or
more carbon atoms and bonded directly or through a linking
group, the remaining two or one of X, Y and Z are not
particularly limited, and may each independently represent,
for example, a hydrogen atom, a halogen atom, a nitro
group, a cyano group, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted aralkyl group, a sub-
stituted or unsubstituted cycloalkyl group, a substituted or
unsubstituted alkenyl group, a substituted or unsubstituted
cycloalkenyl group, a substituted or unsubstituted alkoxy
group, a substituted or unsubstituted aryl group, a substi-
tuted or unsubstituted heterocyclic group, a substituted or
unsubstituted amino group, a substituted or unsubstituted
carbonyl group, a substituted or unsubstituted ester group, or
a substituted or unsubstituted carbamoyl group. Specific
examples of those substituents are similar to those in the
general formulae (2) to (4), and will be described in detail
below.
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[0028] The aromatic oligomer in the general formula (1)
has a molecular weight of preferably 300 or more and 3,000
or less. A molecular weight of less than 300 may be unable
to satisfy an object of the present invention, that is, a state
where the phosphorescent metal complex compound of the
present invention has high efliciency and high luminance
even when no host is used because the concentration of
light-emitting sites (metal concentration) in the entire mol-
ecules of the compound increases, whereby concentration
quenching occurs. In addition, a molecular weight of less
than 300 may provide an insufficient carrier transport func-
tion. On the other hand, a molecular weight in excess of
3,000 may be a factor for impairing the durability of an
organic EL device using the compound to a large extent
because it becomes difficult to purify (increase the purity of)
the compound, and a problem such as the inclusion of an
impurity or the presence of a molecular weight distribution
occurs.

[0029] The aromatic oligomer in the above general for-
mula (1) is preferably represented by any one of the fol-
lowing general formulae (2) to (4):

@

Ry Ry Rs R¢

\Q Q \Q Q/
=Q 7=Qs

Q/ Q/ \Q —R

/ 5—Qy / 1 1\0

R4 R; Ry Rg

where R, to Ry each represent a hydrogen atom, a halogen
atom, a nitro group, a cyano group, a substituted or unsub-
stituted alkyl group, a substituted or unsubstituted aralkyl
group, a substituted or unsubstituted cycloalkyl group, a
substituted or unsubstituted alkenyl group, a substituted or
unsubstituted cycloalkenyl group, a substituted or unsubsti-
tuted alkoxy group, a substituted or unsubstituted aryl group,
a substituted or unsubstituted heterocyclic group, a substi-
tuted or unsubstituted amino group, a substituted or unsub-
stituted carbonyl group, a substituted or unsubstituted ester
group, or a substituted or unsubstituted carbamoyl group,
and these substituents adjacent to each other may be bonded
to form a ring; Q, to Q,, each represent a carbon atom or a
hetero atom; n represents an integer of 1 or more and 29 or
less; and aromatic units as repeating units may be the same
or different, and adjacent aromatic units may be linked with
each other by a substituted or unsubstituted methylene
group, a substituted or unsubstituted ethylene group, —O—,

—S—, —N(-)-, or —CO—,
6)]
Rjp Ry Ry Rs
\Q Q \Q Q
13=Qu 19=0Q2
Q/ \Q —Q Q/ \Q R
1\% Q// 15—Qa 2\422 Q// h1—Ryg
17— Qs 23— Qn
/ /N
Ri3 Rz Rjs Ry;

where R, to R, each represent a hydrogen atom, a halogen
atom, a nitro group, a cyano group, a substituted or unsub-
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stituted alkyl group, a substituted or unsubstituted aralkyl
group, a substituted or unsubstituted cycloalkyl group, a
substituted or unsubstituted alkenyl group, a substituted or
unsubstituted cycloalkenyl group, a substituted or unsubsti-
tuted alkoxy group, a substituted or unsubstituted aryl group,
a substituted or unsubstituted heterocyclic group, a substi-
tuted or unsubstituted amino group, a substituted or unsub-
stituted carbonyl group, a substituted or unsubstituted ester
group, or a substituted or unsubstituted carbamoyl group,
and these substituents adjacent to each other may be bonded
to form a ring; Q,; to Q,, each represent a carbon atom or
a hetero atom; Q, represents a substituted or unsubstituted
methylene group, a substituted or unsubstituted ethylene
group, —O—, —S—, —CO—, —CO—O0—, —O0—CO—,
—CH=CH—, —CO—N(-)-, —C=C—, —N(-)-, —O-
Ph-, or —O-Ph(-)- provided that Ph represents benzene; m
represents an integer of 1 or more and 29 or less; and
aromatic units as repeating units may be the same or
different,

@

where R, to R;5 each independently represent a hydrogen
atom, a halogen atom, a nitro group, a cyano group, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted aralkyl group, a substituted or unsubstituted
cycloalkyl group, a substituted or unsubstituted alkenyl
group, a substituted or unsubstituted cycloalkenyl group, a
substituted or unsubstituted alkoxy group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted
heterocyclic group, a substituted or unsubstituted amino
group, a substituted or unsubstituted carbonyl group, a
substituted or unsubstituted ester group, or a substituted or
unsubstituted carbamoyl group; 1 represents an integer of 1
or more and 19 or less; and aromatic units as repeating units
may be the same or different.

[0030] The aromatic oligomer represented by the general
formula (4) may include a fluorene unit in which all of R,
to R, are the same as a repeating unit, or may use a fluorene
unit in which R, to Ry are different as a repeating unit.
[0031] The case where n or m represents 30 or more, or 1
represents 20 or more in any one of the general formulae (2)
to (4) is not preferable because it becomes difficult to isolate
a single molecule of the compound, and the performance of
an organic EL device using the compound cannot be stably
secured. In addition, the case where m, n, or 1 represents 0
is not preferable because the following inconvenience
occurs: the solubility of the compound in a solvent is poor,
the molecules of the compound are apt to agglomerate in a
solution or a film, and high efficiency cannot be expected
from an organic EL device using the compound.

[0032] Specific examples of the substituents in the general
formulae (2) to (4) are shown below.

[0033] Examples of a substituted or unsubstituted alkyl
group or cycloalkyl group include, but are not limited to: a
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methyl group; a methyl-d1 group; a methyl-d3 group; an
ethyl group; an ethyl-dS group; an n-propyl group; an
n-butyl group; an n-pentyl group; an n-hexyl group; an
n-heptyl group; an n-octyl group; an n-decyl group; an
iso-propyl group; an iso-propyl-d7 group; an iso-butyl
group; a sec-butyl group; a tert-butyl group: a tert-butyl-d9
group; an iso-pentyl group; a neopentyl group; a tert-octyl
group; a fluoromethyl group; a difluoromethyl group; a
trifluoromethyl group; a 2-fluoroethy! group; a 2,2,2-trifluo-
roethyl group; a perfluoroethyl group; a 3-fluoropropyl
group; a perfluoropropyl group; a 4-fluorobutyl group; a
perfluorobutyl group; a S-fluoropentyl group; a 6-fluoro-
hexyl group; a chloromethy! group; a trichloromethy] group;
2-chloroethyl group; a 2,2,2-trichloroethyl group; a 4-chlo-
robutyl group; a 3-chloropentyl group; a 6-chlorohexyl
group; a bromomethyl group; a 2-bromoethyl group; an
iodomethyl group; a 2-iodoethyl group; a hydroxymethyl
group; a hydroxyethyl group; a cyclopropyl group; a
cyclobutyl group; a cyclopentyl group; a cyclohexyl group;
a cyclopentylmethyl group; a cyclohexylmethyl group; a
cyclohexylethyl group; a 4-fluorocyclohexyl group; a nor-
borny! group; and an adamantyl group.

[0034] Further, examples of a substituted or unsubstituted
aralkyl group include, but are not limited to: a benzyl group;
a 2-phenylethyl group; a 2-phenylisopropyl group; a 1-naph-
thylmethyl group; a 2-naphthylmethyl group; a 2-(1-
napthyl)ethyl group; a 2-(2-napthyl)ethyl group; a 9-anthryl-
methyl group; a 2-(9-anthryl)ethyl group; a 2-fluorobenzyl
group; a 3-fluorobenzyl group; a 4-fluorobenzyl group; a
2-chlorobenzyl group; a 3-chlorobenzyl group; a 4-chlo-
robenzyl group; a 2-bromobenzyl group; a 3-bromobenzyl
group; and a 4-bromobenzyl group.

[0035] Examples of a substituted or unsubstituted alkenyl
group or cycloalkenyl group include: a vinyl group; an allyl
group (a 2-propenyl group); a 1-propenyl group; an iso-
propenyl group; a 1-butenyl group; a 2-butenyl group; a
3-butenyl group; a styryl group; a cyclopentenyl group; a
cyclohexenyl group; a cyclohexedienyl group; and a
cyclooctenyl group.

[0036] Examples of a substituted or unsubstituted alkoxy
group include: a methoxy group; an ethoxy group; a propoxy
group; a 2-ethyl-octyloxy group; a phenoxy group; a 4-bu-
tylphenoxy group; and a benzyloxy group.

[0037] Examples of the substituted or unsubstituted aryl
group or of the substituted or unsubstituted heterocyclic

Dec. 20, 2007

group include any one of the above-mentioned aryl and
heterocyclic groups to be bonded as a substituent.

[0038] A substituted or unsubstituted amino group has a
—NR R? structure. Examples of the R' and R? include, but
are not limited to: a hydrogen atom; a deuterium atom; a
substituted or unsubstituted alkyl group, alkenyl group,
aralkyl group, arvl group, alkynyl group, alkylene group,
alkenylene group, aralkylene group, arvlene group, alkyne-
lene group, or heterocyclic group. Examples of the substi-
tuted or unsubstituted amino group include, but are not
limited to: an amino group; an N-methylamino group; an
N-ethylamino group; an N,N-dimethylamino group; an N,N-
diethylamino group; an N-methyl-N-ethylamino group; an
N-benzylamino group; an N-methyl-N-benzylamino group;
an N,N-dibenzylamino group; an anilino group; an N,N-
diphenylamino group; an N-diphenylamino group; an
N-phenyl-N-tolylamino group; an N,N-ditolylamino group;
an N-methyl-N-phenylamino group; an N,N-dianisoly-
lamino group; an N-mesityl-N-phenylamino group; an N,N-
dimesitylamino group; an N-phenyl-N-(4-tert-butylphenyl)
amino group; and an N-phenyl-N-(4-trifluoromethylphenyl)
amino group.

[0039] Examples of the substituted or unsubstituted car-
bonyl group, the substituted or unsubstituted ester group,
and the substituted or unsubstituted carbamoyl group
include an acetyl group, a propionyl group, an isobutyryl
group, a methacryloyl group, a benzoy!l group, a naphthoyl
group, an anthrayl group, a toloyl group, a methylester
group, an ethylester group, an isopropylester group, a phe-
nylester group, a phenylethylester group, a methylcarbam-
oyl group, an ethylcarbamoyl group, an isopropylcarbamoyl
group, a phenylcarbamoyl group, and a phenylethylcarbam-
oyl group.

[0040] In addition, examples of a substituent which any
one of those substituents may have include, but of course not
limited to, such alkyl, alkenyl, aralkyl, aryl, alkynyl, alky-
lene, alkenylene, aralkylene, arylene, alkynylene, heterocy-
clic, amino, carbonyl, ester, and carbamoyl groups as
described above, a halogen atom, a nitro group, and a cyano
group.

[0041] Specific examples of the structural formula of the
ligand represented by the general formula (1) are shown
below. Of course, these examples are merely representative
examples, and the present invention is not limited to the
examples.

TABLE 1

CH3 1 0 0
CH3 1 0 0
CH3 1 0 0
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TABLE 1-continued
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TABLE 3

X Y zZ 1 I m

28 H CH3 0 0 0

29
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TABLE 3-continued

X Y zZ 1 I m

30 H CH3 1 0 0
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TABLE 3-continued

X Y zZ 1 I m

31 H CH3 1 0
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[0042] In the phosphorescent metal complex compound of
the present invention, a ligand except the ligand represented
by the general formula (1) is not particularly limited. A
known ligand such as 2-phenylpyridine, difluorophenylpy-
ridine, phenylisoquinoline, fluorenopyridine, or fluoreno-
quinoline can be suitably used.

[0043] In addition, the central metal of the compound can
be a metal atom selected from alkali metals, alkali earth
metals, and rare earth metals. Ir, Pt, Ru, Re, Rh, or Cu can
be used for obtaining higher efficiency and higher lumi-
nance, and Ir or Pt is most preferable.

[0044] A ratio of the atomic weight of the metal of the
phosphorescent metal complex compound of the present
invention to the molecular weight of the phosphorescent
metal complex compound (hereinafter, “metal atomic
weight/molecular weight”) is preferably 0.1 or less. When
the ratio “metal atomic weight/molecular weight” exceeds
0.1, the concentration of the metal in the entire molecules of
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the compound becomes so large that the so-called concen-
tration quenching in which the phosphorescence intensity of
the compound reduces may occur.

[0045] In addition, the phosphorescent metal complex
compound of the present invention is preferably soluble in
an organic solvent or water because an organic layer can be
formed by an application method.

[0046] Specific examples of the structural formula of the
phosphorescent metal complex compound of the present
invention are shown below. Of course, these examples are
merely representative examples, and the present invention is
not limited to the examples. Compounds (44) to (53) each
correspond to an example in which Ligand 10 described
above is introduced, Compounds (54) to (63) each corre-
spond to an example in which Ligand 21 described above is
introduced, and Compounds (64) to (71) each correspond to
an example in which Ligand 28 described above is intro-
duced.
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[0047] A method of synthesizing the phosphorescent
metal complex compound of the present invention is not
particularly limited. For example, the compound can be
easily synthesized by introducing an oligoaromatic group
into an acetylacetone (acac) derivative by an existing cou-
pling reaction. Examples of a coupling method include a
Suzuki coupling method involving the use of a palladium
catalyst (for example, Chem. Rev., 95, 2457 (1995)), a
Yamamoto method involving the use of a nickel catalyst (for
example, Bull. Chem. Soc. Jap., 51, 2091 (1978)), and a
method involving the use of an aryltin compound (for
example, J. Org. Chem., 52, 4296 (1987)).

[0048] An organic electroluminescence device of the
present invention has: a pair of electrodes including an
anode and a cathode; and one or more organic layers each
containing an organic compound, the one or more organic
layers being interposed between the pair of electrodes.
FIGS. 1A, 1B and 1C each show the basic device constitu-
tion of the present invention.

[0049] Here, the reference numerals of the figures will be
described.
[0050] Reference numeral 11 represents a metal electrode;

12, a light-emitting layer; 13, a hole transport layer; 14, a
transparent electrode; 15, a transparent substrate; 16, an
electron transport layer; and 17, an exciton diffusion block-
ing layer.

[0051] As shown in FIGS. 1A, 1B and 1C, an organic EL
device generally includes: a transparent substrate 15; a
transparent electrode 14 having a thickness of 50 nm or more
and 200 nm or less on the transparent substrate 15; a
plurality of organic layers on the transparent electrode 14;
and a metal electrode 11 for interposing the plurality of
organic layers between the transparent electrode 14 and the
metal electrode 11.

[0052] FIG. 1A shows an example in which the organic
layers include a light-emitting layer 12 and a hole transport
layer 13.

[0053] ITO having a large work function is used for the
transparent electrode 14, so that a hole can be easily injected
from the transparent electrode 14 to the hole transport layer
13. A metal material having a small work function such as
aluminum, magnesium, or an alloy using any one of them is
used for the metal electrode 11, so that electrons can be
easily injected to the organic layers. The phosphorescent
metal complex compound of the present invention is
included in the light-emitting layer 12 and a polyethylene-
dioxythiophene/polystyrenesulfonate  (PDOT/PSS), for
example, can be used for the hole transport layer 13.
[0054] The device having the structure as described above
exhibits electrical rectifying property. When an electric field
is applied so that the metal electrode 11 becomes a cathode
and the transparent electrode 14 becomes an anode, an
electron is injected from the metal electrode 11 to the
light-emitting layer 12, while a hole is injected from the
transparent electrode 14 to the light-emitting layer 12. The
injected hole and electron are recombined in the light-
emitting layer 12 to generate an exciton, thereby causing
light emission. At this time, the hole transport layer 13
serves as an electron blocking layer. As a result, recombi-
nation efficiency at an interface between the light-emitting
layer 12 and the hole transport layer 13 increases to thereby
increase the emission efficiency.
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[0055] Further, in FIG. 1B, an electron transport layer 16
is provided between the metal electrode 11 and the light-
emitting layer 12 shown in FIG. 1A. A light-emitting func-
tion and electron/hole transporting functions are separated to
establish a more effective carrier blocking structure,
whereby the emission efficiency is increased. An oxadiazole
derivative, a phenanthroline derivative, or an Al quinolinol
complex can be used for the electron transport layer 16.
[0056] As shown in FIG. 1C, a four-layer structure includ-
ing the hole transport layer 13, the light-emitting layer 12,
the exciton diffusion blocking layer 17, and the electron
transport layer 16 in the stated order from the side of the
transparent electrode 14 as the anode can also be employed
for improving emission efficiency by confining the excition
in the light-emitting layer 12.

[0057] An organic layer containing the phosphorescent
metal complex compound of the present invention may
contain any other compound; the organic layer is preferably
an organic layer including only the phosphorescent metal
complex compound of the present invention having sites
capable of expressing a light-emitting function, a hole
transport function, and an electron transport function. When
the organic layer contains any other compound, the content
of the phosphorescent metal complex compound of the
present invention is not particularly limited.

[0058] In addition, at least one organic layer, in particular,
an organic layer containing the phosphorescent metal com-
plex compound of the present invention is preferably formed
by an application method.

[0059] A high-efficiency light-emitting device described
in the present invention is applicable to a product requiring
energy savings and high luminance. Potential applications of
the device include a display apparatus, a light source for a
printer, a lighting system, and a backlight for a liquid crystal
display apparatus. A possible example of the display appa-
ratus is a flat panel display that achieves energy savings,
high visibility, and a light weight. In addition, with regard to
the light source for a printer, a laser light source portion of
a laser beam printer that is now in widespread use can be
replaced by the light-emitting device of the present inven-
tion. For example, an image is formed by placing, on an
array, devices that can be independently addressed, and
subjecting a photosensitive drum to desired exposure. The
volume of an apparatus using the device of the present
invention can be significantly reduced. In the case of the
lighting system or the backlight, an energy-saving effect can
be expected from the present invention.

[0060] A display apparatus of the present invention is
obtained by combining the organic electroluminescence
device of the present invention and a thin-film transistor, and
is driven according to a passive matrix system or an active
matrix system.

[0061] Hereinafter, an example in which an active matrix
substrate 1s used in the device of the present invention will
be described with reference to FIGS. 2, 3 and 4.

[0062] FIG. 2 schematically shows an example of the
constitution of a panel provided with an EL device and a
driving unit. A scanning signal driver, an information signal
driver, and a current supply source are placed on the panel,
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and are connected to gate selection lines, information signal
lines, and current supply lines, respectively. A pixel circuit
shown in FIG. 3 is placed at the point of intersection of a
gate selection line and an information signal line. The
scanning signal driver selects gate selection lines G1, G2,
G3, . . ., Gn sequentially, and an image signal is applied
from the information signal driver in synchronization with
the selection.

[0063] Next, the operation of the pixel circuit will be
described. When a selection signal is applied to the gate
selection line in the pixel circuit, a TFT 1 is turned on, an
image signal is supplied to a Cadd, and the gate potential of
aTFT 2 is determined. A current is supplied from the current
supply line to the EL device in accordance with the gate
potential of the TFT 2. Since the gate potential of the TFT
2 is kept in the Cadd until the TFT 1 is subjected to the next
scanning selection, the current continues to flow in the EL
device by the next scanning. As a result, the EL, device can
be caused to emit light at all times during one frame period.
[0064] FIG. 4 is a schematic view showing an example of
the sectional structure of a TFT substrate to be used in the
present invention. A p-Si layer is provided on a glass
substrate, and each of channel, drain, and source regions is
doped with a necessary impurity. A gate electrode is pro-
vided on the layer with a gate insulating film interposed
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between the electrode and the layer, and a drain electrode to
be connected to the drain region and a source electrode to be
connected to the source region are formed. An insulating
layer and an ITO electrode as a pixel electrode are stacked
on the electrodes, and the ITO electrode and the drain
electrode are connected with each other through a contact
hole.

[0065] The application of the present invention is not
particularly limited to a switching device, and the present
invention is easily applicable to, for example, a single
crystal silicon substrate, an MIM device, or an a-Si type
device.

[0066] An organic EL display panel can be obtained by
sequentially stacking one or more organic EL layers and a
cathode layer on the ITO electrode. An image with good
image quality can be stably displayed for a long time period
by driving a display panel using the organic compound of
the present invention.

[0067] Hereinafter, the present invention will be described
specifically by way of examples, provided that the present
invention is not limited to these examples.

[0068] The phosphorescent metal complex compounds
used in the examples are shown below. Compound 1 is a
compound into which Ligand 20 described above is intro-
duced, and Compounds 2 and 3 correspond to Compound
(55) and Compound (67) described above, respectively.

Compound 1

C-ON-OR NGOG

OGO W

Compound 2

ONO-OHD

“
\ /
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EXAMPLE 1
Synthesis of Compound 1

[0069] First, (B1) as an Ir complex precursor was synthe-
sized in accordance with Scheme A and Scheme B.

Synthesis Scheme A
B(OH), + CI \ e
< > \_7/
(AD) (A2)

08

(A3)

[0070] 3.0 g of (Al). 4.8 g of (A2), 0.2 g of tetrakistriph-
enylphosphine palladium, 20 ml of a 2 M aqueous solution
of sodium carbonate, 10 ml of ethanol, and 20 ml of toluene
were loaded into a 200 ml egg plant flask, and the mixture
was stirred under heating reflux in a nitrogen stream for 4
hours. The reaction solution was poured into 80 ml of cold
water, and 50 ml of toluene were added to the mixture,
followed by liquid separation. An organic layer was isolated,
and was then condensed. The resultant solid product was
purified with a silica gel column (eluent: toluene) and

Compound 3

recrystallized with hexane, whereby 2.1 g of the crystal of
Compound (A3) were obtained.

Synthesis Scheme B
I1Cl—3H,0 </ \>
1Cl; 50 + . \\ /
N
(A3)
B _ (A3)
| x
PN
\Ir/C1>Ir/
AN
T \\N 7
x
- -1 — =2

(8D

[0071] Next, 0.77 g of iridium(III) trihydrate, 1.5 g of
(A3), 20 ml of ethoxyethanol, and 6 ml of water were loaded
into a 200-m] three-necked flask, and the mixture was stirred
in a nitrogen stream at room temperature for 30 minutes.
After that, the resultant was stirred under reflux for 10 hours.
The reactant was cooled to room temperature, and the
precipitate was obtained by filtration and cleaned with water.
After that, the precipitate was cleaned with ethanol. The
precipitate was dried at room temperature under reduced
pressure, whereby 0.97 g of the red powder of (B1) was
obtained.
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[0072] Further, 100 ml of ethoxyethanol, 1.0 g of (B1), 4.1
g of an acetylacetone derivative (C1), and 0.7 g of sodium
carbonate were loaded into a 200-ml three-necked flask, and
the mixture was stirred in a nitrogen stream at room tem-
perature for 1 hour. After that, the mixture was stirred under
reflux for 24 hours. The reactant was cooled with ice, and the
precipitate was obtained by filtration and cleaned with water.
The precipitate was cleaned with ethanol and dissolved in
chloroform, and then insoluble matter was filtrated. After

chloroform-methanol, whereby 0.65 g of the reddish brown
powder of (C2), that is, Compound 1 was obtained.
[0073] The emission spectrum of a solution of this com-
pound in toluene had a max of 620 nm.

EXAMPLE 2

Synthesis of Compound 2

having been condensed, the filtrate was recrystallized with [0074]
Synthesis Scheme D
X
PN
\Ir/Cl\Ir/
>, .~
7 \\N y

(B1)
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OO~ OO —

oY)

SN~ C-OHCD

x
0
N/

[0075] Further, 100 ml of ethoxyethanol, 1.0 g of (B1),5.0
g of an acetylacetone derivative (C1), and 0.7 g of sodium
carbonate were loaded into a 200-ml three-necked flask, and
the mixture was stirred in a nitrogen stream at room tem-
perature for 1 hour. After that, the mixture was stirred under
reflux for 24 hours. The reactant was cooled with ice, and the
precipitate was obtained by filtration and cleaned with water.
The precipitate was cleaned with ethanol and dissolved in
chloroform, and then insoluble matter was filtrated. After
having been condensed, the filtrate was recrystallized with
chloroform-methanol, whereby 0.45 g of the reddish brown
powder of (D2), that is, Compound 2 was obtained.

[0076] The emission spectrum of a solution of this com-
pound in toluene had a Amax of 620 nm.

EXAMPLE 3
Synthesis of Compound 3

[0077] First, (F1) as an Ir complex precursor was synthe-
sized in accordance with Scheme E and Scheme F.

Synthesis Scheme E

E1) + OQ BOm), +

al
\N /

+(B2) — (E3) +

Ir\

N=
=
[0078] 4.7 gof (E1),3.3 g of (E2), 0.22 g of tetrakistriph-

enylphosphine palladium, 20 ml of a 2 M aqueous solution
of sodium carbonate, 10 ml of ethanol, and 20 ml of toluene
were loaded into a 200-ml egg plant flask, and the mixture
was stirred under heating reflux in a nitrogen stream for 6
hours. The reaction solution was poured into 100 ml of cold
water, and 50 ml of toluene were added to the mixture,
followed by liquid separation. An organic layer was isolated,
and was then condensed. The resultant solid product was
purified with a silica gel column (eluent: toluene) and
recrystallized with hexane, whereby 5.3 g of the crystal of
Compound (E3) were obtained.

< s .
1Cly3L,0 +

T
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[0079] Next, 0.17 g of iridium(IIT) trihydrate, 2.8 g of
(E3), 90 ml of ethoxyethanol, and 30 ml of water were
loaded into a 200-ml three-necked flask, and the mixture was
stirred in a nitrogen stream at room temperature for 30
minutes. After that, the mixture was stirred under reflux for
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10 hours. The reactant was cooled to room temperature, and
the precipitate was obtained by filtration and cleaned with
water. After that, the precipitate was cleaned with ethanol.
The precipitate was dried at room temperature under
reduced pressure, whereby 1.56 g of the red powder of (F1)
were obtained.

G2)
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[0080] Further, 100 ml of ethoxyethanol, 1.3 g of (F1),7.5
g of an acetylacetone derivative (G1), and 0.85 g of sodium
carbonate were loaded into a 200-m] three-necked flask, and
the mixture was stirred in a nitrogen stream at room tem-
perature for 1 hour. After that, the resultant was stirred under
reflux for 7 hours. The reactant was cooled with ice, and the
precipitate was obtained by filtration and cleaned with water.
The precipitate was cleaned with ethanol and dissolved in
chloroform, and then insoluble matter was filtrated. After
having been condensed, the filtrate was recrystallized with
chloroform-methanol, whereby 1.1 g of the reddish brown
powder of (G2), that is, Compound 3 was obtained.
[0081] The emission spectrum of a solution of this com-
pound in toluene had a Amax of 618 nm.

EXAMPLE 4

[0082] In this example, a device having a device consti-
tution shown in FIG. 1B formed of three organic layers was
used. ITO having a thickness of 100 nm (transparent elec-
trode 14) was patterned onto a glass substrate (transparent
substrate 15) so that an electrode area would be 3.14 mm?.
The following organic layers and electrode layers were
stacked on the resultant ITO substrate by a spin coating film
formation method or a vacuum vapor deposition method
under a pressure reduced to 10~ Pa, whereby a device was
produced.

[0083] (1) Hole injection/transport layer 13 (400 A)
PEDOT/PSS Al 4083 (manufactured by Baytron) was
formed into a film on the ITO substrate by a spin coating
method (2,000 rpm/2 min+200° C. drying under a nitrogen
atmosphere).

[0084] (2) Light-emitting layer 12 (400 A): A 0.2 wt %
solution of Compound 1 in toluene was prepared, and was
formed into a film by a spin coating method (1,000 rpm/1
min+80° C. drying under a nitrogen atmosphere).

[0085] (3) Electron transport layer 16 (200 A): Bphen
(manufactured by Sigma-Aldrich Corporation) was formed
into a film by a vapor deposition method.

[0086] (4) Metal electrode 11: LiF was formed into a film
having a thickness of 10 A by a vapor deposition method. Al
was formed into a film having a thickness of 1,200 um on the
LiF film by a vapor deposition method.
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[0087] The resultant device was able to provide a current
efficiency of 9 cd/A and a power efficiency of 7 Im/W at a
luminance of 600 cd/m?. In this case, an emission spectrum
peaked at 620 nm, and had CIE chromaticity coordinates of
(0.66, 0.34).

[0088] In addition, the device was subjected to a lumi-
nance durability test (initial luminance 1,000 cd/m?). As a
result, a luminance half time (time period for the initial
luminance to reduce in half, that is, 500 cd/m?) was 150
hours.

EXAMPLES 5 TO 7 COMPARATIVE
EXAMPLES 1 AND 2

[0089] Devices were produced in the same manner as in
Example 4 except that the compounds shown in Table 5
were used instead of Compound 1, and were evaluated in the
same manner as in Example 4. Table 5 shows the results.
[0090] In addition, the structural formula of Ir(piq), (acac)
used in each comparative example is shown below.

[0091] The device of Comparative Example 1 underwent
quenching (short circuit of the device) at a luminance of 500
cd/m?,

[0092] In addition, emission unevenness was observed in
the device of Comparative Example 2, and it was confirmed
that the molecules of Ir(piq), (acac) agglomerated in pen-
tafluorene.

TABLE 5
Luminance
Current Power CIE half
Light-emitting efficiency efficiency Peak chromaticity time
layer (cd/A) (1 /W) (nm) coordinates (h)
Example 4  Compound 1 9 7 620 (0.66, 150
0.34)
Example 5 Compound 3 10 7 619 (0.65, 130
0.34)
Example 6  Compound 2 8 5 618 (0.64, 100
0.33)
Example 7 Compound 1 + penta- 12 9 619 (0.66, 400
fluorene 0.34)
(Weight ratio
20:80)
Comparative Ir(piq) »(acac) — — — — —
example 1
Comparative Ir(piq) »(acac) + penta- 2 1.2 — — 25
example 2 fluorene

(Weight ratio

20:80)
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[0093] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

[0094] This application claims the benefit of Japanese
Patent Application No. 2006-165462, filed Jun. 15, 2006,
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. An organic electroluminescence device comprising:

a pair of electrodes including an anode and a cathode; and

one or more organic layers each containing an organic
compound, the one or more organic layers being inter-
posed between the pair of electrodes,

wherein at least one of the one or more organic layers
contain a phosphorescent metal complex compound
having at least one ligand structure represented by the
following general formula (1):

&)

%,
£
%
%

where:
at least one of X, Y and Z represents an aromatic oligomer
having 13 or more carbon atoms and bonded directly or
through a linking group, and X, Y and Z may be the
same or different;
the linking group comprises a substituted or unsubstituted
methylene group, a substituted or unsubstituted ethyl-
ene group, —O— —S—, —CO—, —CO—0O0—,
—0—CO—, —CH=CH—, —CO—N(-)-,
—C=C—, —N(-)-, —O0-Ph-, or —O-Ph(-)- provided
that Ph represents benzene; and
the number of each of repeating units 1, IT and 111 is 0 or
more and 5 or less.
2. An organic electroluminescence device according to
claim 1, wherein the aromatic oligomer is represented by the
following general formula (2):

1—Q2 Q7—Qs
Qs le
Q11 Q10
where:

R, to R, each represent a hydrogen atom, a halogen atom,
a nitro group, a cyano group, a substituted or unsub-
stituted alkyl group, a substituted or unsubstituted
aralkyl group, a substituted or unsubstituted cycloalkyl

@
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group, a substituted or unsubstituted alkenyl group, a
substituted or unsubstituted cycloalkenyl group, a sub-
stituted or unsubstituted alkoxy group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted
heterocyclic group, a substituted or unsubstituted
amino group, a substituted or unsubstituted carbonyl
group, a substituted or unsubstituted ester group, or a
substituted or unsubstituted carbamoyl group, and these
substituents adjacent to each other may be bonded to
form a ring;

Q, to Q,, each represent a carbon atom or a hetero atom;

n represents an integer of 1 or more and 29 or less; and

aromatic units as repeating units may be the same or
different, and adjacent aromatic units may be linked
with each other by a substituted or unsubstituted meth-
ylene group, a substituted or unsubstituted ethylene
group, —O—, —S— —N(-)-, or —CO—.
3. An organic electroluminescence device according to
claim 1, wherein the aromatic oligomer is represented by the
following general formula (3):

3

R10 R]] R14 RIS
\Q Q \Q Q
13=CQ14 19=Q20
Q/ \Q —Q Q/ \Q —R
1\% Q// 15 A 2\% Q// 21— Ry6
17— Q16 23— Qa2
/N m /TN
Rys R Rjg Ry7

where:

R,qto Ryg, each represent a hydrogen atom, a halogen
atom, a nitro group, a cyano group, a substituted or
unsubstituted alkyl group, a substituted or unsubsti-
tuted aralkyl group, a substituted or unsubstituted
cycloalkyl group, a substituted or unsubstituted alkenyl
group, a substituted or unsubstituted cycloalkenyl
group, a substituted or unsubstituted alkoxy group, a
substituted or unsubstituted aryl group, a substituted or
unsubstituted heterocyclic group, a substituted or
unsubstituted amino group, a substituted or unsubsti-
tuted carbonyl group, a substituted or unsubstituted
ester group, or a substituted or unsubstituted carbamoyl
group, and these substituents adjacent to each other
may be bonded to form a ring;

Q,; to Q,, each represent a carbon atom or a hetero atom;

Q,, represents a substituted or unsubstituted methylene
group, a substituted or unsubstituted ethylene group,
—0—, —S8— —CO—, —CO—0—, —0—CO—,
—CH=CH—, —CO—N(-)-, —C=C—, —N(-)-,
—O0-Ph-, or —O-Ph(-)- provided that Ph represents
benzene;

m represents an integer of 1 or more and 29 or less; and

aromatic units as repeating units may be the same or
different.
4. An organic electroluminescence device according to
claim 1, wherein the aromatic oligomer is represented by the
following general formula (4):
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where:

R, to Ry each independently represent a hydrogen atom,
a halogen atom, a nitro group, a cyano group, a
substituted or unsubstituted alkyl group, a substituted
or unsubstituted aralkyl group, a substituted or unsub-
stituted cycloalkyl group, a substituted or unsubstituted
alkenyl group, a substituted or unsubstituted cycloalk-
enyl group, a substituted or unsubstituted alkoxy group,
a substituted or unsubstituted aryl group, a substituted
or unsubstituted heterocyclic group, a substituted or
unsubstituted amino group, a substituted or unsubsti-
tuted carbonyl group, a substituted or unsubstituted
ester group, or a substituted or unsubstituted carbamoyl
group;

1 represents an integer of 1 or more and 19 or less; and

aromatic units as repeating units may be the same or
different.

5. An organic electroluminescence device according to
claim 4, wherein the aromatic oligomer comprises a fluorene
unit in which all of R, to Ry are the same as a repeating
unit.

6. An organic electroluminescence device according to
claim 4, wherein the aromatic oligomer comprises a fluorene
unit in which R, to Ry are different as a repeating unit.
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7. An organic electroluminescence device according to
claim 1, wherein the aromatic oligomer has a molecular
weight of 300 or more and 3,000 or less.

8. An organic electroluminescence device according to
claim 1, wherein a metal of the phosphorescent metal
complex compound is Ir.

9. An organic electroluminescence device according to
claim 1, wherein a metal of the phosphorescent metal
complex compound is Pt.

10. An organic electroluminescence device according to
claim 1, wherein a ratio of an atomic weight of a metal of
the phosphorescent metal complex compound to a molecular
weight of the phosphorescent metal complex compound is
0.1 or less.

11. An organic electroluminescence device according to
claim 1, wherein the phosphorescent metal complex com-
pound is soluble in one of an organic solvent and water.

12. An organic electroluminescence device according to
claim 1, wherein at least one of the one or more organic
layers comprises an organic layer formed of only the phos-
phorescent metal complex compound.

13. An organic electroluminescence device according to
claim 1, wherein at least one of the one or more organic
layers is formed by an application method.

14. A display apparatus to be driven according to one of
a passive matrix system and an active matrix system, com-
prising:

an organic electroluminescence device according to claim

1; and

a thin-film transistor to be combined with the organic

electroluminescernce device.
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