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(57) ABSTRACT

Provided are a novel fused polycyclic aromatic compound
having a fluoranthene skeleton and an organic light emitting
device having high efficiency and high durability. The organic
light emitting device includes a fused polycyclic aromatic
compound represented by the following general formula [1]
or [2], and the organic light emitting device includes an
anode, a cathode, an organic compound layer interposed
between the anode and the cathode, in which at least one layer
of the organic compound layers includes at least one kind of
the fused polycyclic aromatic compound represented by the
following general formula [1] or [2].
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FUSED POLYCYCLIC AROMATIC
COMPOUND AND ORGANIC LIGHT
EMITTING DEVICE USING THE
COMPOUND

TECHNICAL FIELD

[0001] The present invention relates to a fused polycyclic
aromatic compound, and an organic light emitting device and
a display apparatus using the compound.

BACKGROUND ART

[0002] An organic light emitting device is a device in which
a thin film including a fluorescent organic compound or a
phosphorescent organic compound is interposed between an
anode and a cathode. Further, electrons and holes are injected
from the respective electrodes and generate exciton, whereby
the organic light emitting device emits light when the exciton
returns to a ground state.

[0003] Inrecentyears, there have been reported many tech-
nologies using a fluoranthene compound as a material for an
organic light emitting device. For example, a fluoranthene
compound having a substituent disclosed in Japanese Patent
Application Laid-Open No. H10-189248 and a benzofluoran-
thene compound disclosed in Japanese Patent Application
Laid-Open No. H11-012205 are exemplified. Here, Japanese
Patent Application Laid-Open Nos. H10-189248 and
11-012205 indicate that the light emitting devices using fluo-
ranthene compounds have good emission efficiency, and thus,
usefulness of a compound containing a fluoranthene skeleton
in its molecules is being recognized. However, in the case of
considering the compound having a fluoranthene skeleton as
an orgarnic material for constituting a display of a personal
computer or a television, there has not yet been found a
compound having a fluoranthene skeleton at a level of having
both efficiency and stability and having resistance to practical
use. Therefore, a compound having a fluoranthene skeleton
and contributing to higher luminance and longer lifetime of
an organic light emitting device has been demanded.

DISCLOSURE OF THE INVENTION

[0004] An object of the present invention is to provide a
novel fused polycyclic aromatic compound having a fluoran-
thene skeleton. In addition, another object of the present
invention is to provide an organic light emitting device having
high efficiency and high durability.

[0005] The inventors of the present invention have ear-
nestly studied so as to solve the above problem, thereby
achieving the present invention. That is, a fused polycyclic
aromatic compound of the present invention is a compound
represented by the following general formula [1] or [T1]:

O . O
Ry

Rz

R,
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[0006] where R, to R, each represent hydrogen, a halogen
atom, a substituted or unsubstituted alkyl group. a substituted
or unsubstituted aralkyl group, or a substituted or unsubsti-
tuted aryl group,

[0007] where: R to Rg each represent hydrogen, a halogen
atom, a substituted or unsubstituted alkyl group, a substituted
or unsubstituted aralkyl group, or a substituted or unsubsti-
tuted aryl group; X represents a substituted or unsubstituted
alkyl group, a substituted or unsubstituted aralkyl group, a
substituted or unsubstituted aryl group, a substituted or
unsubstituted heterocyclic group, a substituted amino group,
a substituted boryl group, a substituted silyl group, a cyano
group, or a halogen atom; and n represents an integer of 0 to
6, and when n represents 2 or more, a plurality of X’s may be
the same as or different from each other and the plurality of
X’s may bond to each other to form a ring structure.

[0008] According to the present invention, a novel fused
polycyclic aromatic compound having a fluoranthene skel-
eton can be provided. In addition, according to the present
invention, an organic light emitting device having high effi-
ciency and high durability can be provided. Further, accord-
ing to the present invention, an organic light emitting device
capable of being produced easily by a relatively inexpensive
coating method can be provided.

[0009] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGS. 1A, 1B, and 1C are cross-sectional views
illustrating examples of embodiments of an organic light
emitting device of the present invention. FIG. 1A is a cross-
sectional view illustrating a first embodiment, F1IG. 1B is a
cross-sectional view illustrating a second embodiment, and
FIG. 1C is a cross-sectional view illustrating a third embodi-
ment.

[0011] FIG. 2is a view schematically illustrating an exem-
plary constitution of an image display apparatus provided
with an organic light emitting device and a driving unit of the
present invention.

[0012] FIG. 3 is a circuit diagram showing a circuit consti-
tuting one pixel placed in the display apparatus illustrated in
FIG. 2.

[0013] FIG. 4 is a cross-sectional schematic view illustrat-
ing one embodiment of the display apparatus of the present
invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0014] Hereinafter, the present invention will now be
described in detail in accordance with the accompanying
drawings.
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[0015] First, a fused polycyclic aromatic compound of the
present invention is described.

[0016] The fused polycyclic aromatic compound of the
present invention is a compound represented by the following
general formula [1] or [2].

[0017] First, the compound represented by the formula [1]
1s described.
[0018] Intheformula[l],R,toR,eachrepresenthydrogen,

a halogen atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aralkyl group, or a substituted or
unsubstituted aryl group.

[0019] Examples of the halogen atom represented by R, to
R, include fluorine, chlorine, bromine, and iodine.

[0020] Examples of the alkyl group represented by R, toR,
include a methyl group, an ethyl group, a propyl group, an
isopropyl group, a butyl group, an isobutyl group, a secondary
butyl group, a tertiary butyl group, a pentyl group, a hexyl
group, a cyclopropyl group, a cyclopentyl group, a cyclo-
hexyl group, and a fluorinated alkyl group (such as a trifluo-
romethyl group or a pentafluoroethyl group).

[0021] Examples of the aralkyl group represented by R, to
R, include a benzyl group, a phenethyl group, a naphthyl
methyl group, and a naphthyl ethyl group.

[0022] Examples of the aryl group represented by R' to R*
include a phenyl group, a naphthyl group, a pentalenyl group,
an indenyl group, an azulenyl group, an anthryl group, a
pyrenyl group, an indacenyl group, an acenaphthenyl group,
a phenanthryl group, a phenarenyl group, a fluoranthenyl
group, an acephenanthryl group, an aceanthryl group, a triph-
enylenyl group, a chrysenyl group, a naphthacenyl group, a
perylenyl group, a pantacenyl group, a biphenyl group, a
terphenyl group, and a fluorenyl group.

[0023] Examples of the substituents that the alkyl group,
aralkyl group, and aryl group may further have include: alkyl
groups such as a methyl group, an ethyl group, an n-propyl
group, a fluorinated alkyl group (such as a trifluoromethyl
group or a pentafluoroethyl group); aralkyl groups such as a
benzyl group and a phenethyl group; aryl groups such as a
phenyl group, a biphenyl group, and a terphenyl group; het-
erocyclic groups such as a thienyl group, a pyrrolyl group, a
pyridyl group, a bipyridyl group, an oxazolyl group, an oxa-
diazolyl group, a thiazolyl group, and a thiadiazolyl group;
fused polycyclic aromatic groups such as a naphthyl group
and a phenanthryl group; fused polycyclic heterocyclic
groups such as a quinolyl group, a carbazolyl group, an acridi-
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nyl group, and a phenanthrolyl group; aryloxy groups such as
aphenoxyl group and a naphthoxyl group; substituted amino
groups such as adimethylamino group, adiethylamino group,
a diphenylamino group, a ditolylamino group, a dianisoly-
lamino group, a 9,9-dimethyl-9H-fluorenyl phenylamino
group, a difluorenyl group, a naphthylphenylamino group,
and a dinaphthylamino group; substituted boryl groups such
as a diphenylboryl group and a dimesitylboryl group; substi-
tuted silyl groups such as a trimethylsilyl group and a triph-
enylsilyl group; substituted germyl groups such as trimethyl
germyl group and a triphenyl germy1 group; halogen atoms
such as fluorine, chlorine, bromine, and iodine; and deute-
rium.

[0024] Next, the compound represented by the formula [2]
is described.
[0025] Intheformula[2], R5to Ry eachrepresenthydrogen,

a halogen atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aralkyl group, or a substituted or
unsubstituted aryl group. Note that specific examples of the
halogen atom, alkyl group, aralkyl group, and aryl group
represented by R to Ry, and the substituents which the alkyl
group, aralkyl group. and aryl group may have are the same as
those for R, to R, in the formula [1].

[0026] In the formula [2], X represents a substituted or
unsubstituted alkyl group, a substituted or unsubstituted
aralkyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heterocyclic group, a substituted
amino group, a substituted boryl group, a substituted silyl
group, a cyano group, a halogen atom, a styryl group, or
deuterium.

[0027] Examples of the alkyl group represented by X
include a methyl group, an ethyl group, a propyl group, an
isopropyl group, a butyl group, an isobutyl group, a secondary
butyl group, a tertiary butyl group, a pentyl group, a hexyl
group, a cyclopropyl group, a cyclopentyl group, a cyclo-
hexyl group, and a fluorinated alkyl group (such as trifluo-
romethyl group or a pentafluoroethyl group).

[0028] Examples of the aralkyl group represented by X
include a benzyl group, a phenethyl group, a naphthylmethyl
group, and a naphthylethyl group.

[0029] Examples of the aryl group represented by X
include a phenyl group, a naphthyl group, a pentalenyl group,
an indenyl group, an azulenyl group, an anthryl group, a
pyrenyl group, a indacenyl group, an acenaphthenyl group, a
phenanthryl group, a phenarenyl group, a fluoranthenyl
group, an acephenanthryl group, an aceanthryl group, a triph-
enylenyl group, a chryseny! group, a naphthacenyl group, a
perylenyl group, a pentacenyl group, a biphenyl group, a
terphenyl group, and a fluorenyl group.

[0030] Examples of the heterocyclic group represented by
X include a thienyl group, a pyrrolyl group, a pyridyl group,
an oxazolyl group, an oxadiazolyl group, a thiazolyl group, a
thiadiazolyl group, a terthienyl group, a carbazolyl group, an
acridinyl group, a phenanthrolyl group, and a benzodiazolyl
group.

[0031] Examples of the substituted amino group repre-
sented by X include a dimethyl amino group, a diethyl amino
group, dibenzyl amino group, a diphenyl amino group, a
ditolyl amino group, a dianisolyl amino group, and a 9,9-
dimethyl-9H-fluorenylphenyl amino group.

[0032] Examples of the substituted boryl group represented
by X include a diphenyl boryl group, a ditolyl boryl group, a
dimesityl boryl group, and a dinapthyl boryl group.
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[0033] Examples of the substituted silyl group represented
by X include a trimethylsilyl group, a triethylsilyl group, and
a triphenylsilyl group.

[0034] Examples of the halogen atom represented by X
include fluorine, chlorine, bromine, and iodine.

[0035] Examples of the substituents that the above alkyl
group, aralkyl group, aryl group, and heterocyclic group may
have include: alkyl groups such as a methyl group, an ethyl
group, and an n-propyl group; fluorinated alkyl groups such
as a trifluoromethyl group and a pentafluoroethyl group;
aralkyl groups such as a benzyl group and a phenethyl group;
aryl groups such as a phenyl group, a biphenyl group, and a
terphenyl group; heterocyclic groups such as a thienyl group,
a pyrrolyl group, a pyridyl group, a bipyridyl group, an
oxazolyl group, an oxadiazolyl group, a thiazolyl group, and
a thiadiazolyl group; fused polycyclic aromatic groups such
as a naphthyl group and a phenanthryl group; fused polycy-
clic heterocyclic groups such as a quinolyl group, a carba-
zolyl group, an acridinyl group, and a phenanthrolyl group;
aryloxy groups such as a phenoxyl group and a naphthoxyl
group; substituted amino groups such as a dimethylamino
group, a diethylamino group, a diphenylamino group, a
ditolylamino group, a dianisolylamino group, a 9,9-dimethyl-
9H-fluorenylphenylamino group, a difluorenyl group, a naph-
thylphenylamino group, and a dinaphthylamino group; sub-
stituted boryl groups such as a diphenylboryl group and a
dimesitylboryl group; substituted silyl groups such as a trim-
ethylsilyl group and a triphenylsilyl group; substituted ger-
myl groups such as a trimethyl germyl group and a triphenyl
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germyl group; halogen atoms such as fluorine, chlorine, bro-
mine, and iodine; and deuterium.

[0036] In the formula [2], n represents an integer of 0 to 6.
[0037] Inaddition, when n represents 2 or more, a plurality
of X’s may be the same as or different from each other.
Further, when nrepresents 2 or more, the plurality of X’s may
bond to each other to form ring structures represented below.
The ring structures may further have substituents such as a
tertiary butyl group, a phenyl group, and a tolyl group.

O a0

[0038] Hereinafter, specific examples of the fused polycy-
clic aromatic compound of the present invention are
described, but the present invention is not of course limited
thereto.
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-continued
(46) 47

49)

[0039] By the way, the fused polycyclic aromatic com-
pound represented by the formula [2] is preferably synthe-
sized by using, as a raw material, a boron compound repre-
sented by the following general formula [3] or the general
formula [4].
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12

-continued

[0040] In the formula [3], R, to R}, each represent hydro-
gen, a halogen atom, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted aralkyl group, or a sub-
stituted or unsubstituted aryl group. Note that specific
examples of the halogen atom, alkyl group, aralkyl group, and
aryl group represented by R, to R, and the substituent which
the alkyl group, aralkyl group, and aryl group may further
have are the same as those for R, to R, in the formula [2] (i.e.,
R, to R, in the formula [1]).

[0041] Inthe formula [3], m represents an integer of 1 to 6.
[0042] Inthe formula[4], R} to R, each represent hydro-
gen, a halogen atom, a substituted or unsubstituted alkyl

(50)
O\B
\o
o
(2)

%
o\é

O

group, a substituted or unsubstituted aralkyl group, or a sub-
stituted or unsubstituted aryl group. Note that specific
examples of the halogen atom, alkyl group, aralkyl group, and
aryl group represented by R 5 to R, and the substituent
which the alkyl group, aralkyl group, and aryl group may
further have are the same as those for R to Rq in the formula
2] (i.e., R, to R, in the formula [1]).

[0043]
[0044] Hereinafter, specific examples of the boron com-
pound are described, but the present invention is not of course
limited thereto.

Qooooo“

In the formula [4], 1 represents an integer of 1 to 6.
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[0045] Hereinafter, an organic light emitting device of the
present invention is described in detail.

[0046] The organic light emitting device of the present
invention includes an anode, a cathode, and an organic com-
pound layer interposed between the anode and the cathode.
[0047] Hereinafter, an organic light emitting device of the
present invention is described in detail with reference to the
drawings.

[0048] First, reference numerals in the figures are
described. An organic light emitting device 1a, an organic
light emitting device 15, and an organic light emitting device
1c each include a metal electrode 10, an electron-injection
transport layer 11, a light emitting layer 12, a hole-injection
transport layer 13, a transparent electrode 14, a transparent
substrate 15, an interlayer 16, and a hole blocking layer 17.
[0049] An image display apparatus 20 includes a scanning
signal driver 21, an information signal driver 22, and a current
supply source 23. A pixel circuit 30 includes a first thin film
transistor (IFT1) 31, a capacitor (C, ;) 32, a second thin film
transistor (TFT2) 33, and a cathode 35.

[0050] A display apparatus 40 includes a substrate 41, a
moisture-proof film 42, a gate electrode 43, a gate insulating
film 44, a semiconductor film 45, a drain electrode 46, a
source electrode 47, an insulating film 48, and a contact hole
(through-hole) 49.

[0051] The display apparatus 40 further includes an anode
50, an organic compound layer 51, a cathode 52, a first pro-
tective layer 53, and a second protective layer 54.

[0052] FIGS. 1A to 1C are cross-sectional views each illus-
trating an example of an embodiment of an organic light
emitting device of the present invention.

[0053] FIG. 1A is a cross-sectional view illustrating a first
embodiment of the organic light emitting device of the
present invention. In an organic light emitting device 1a in
FIG. 1A, a laminate in which the metal electrode 10, the
electron-injection transport layer 11, the light emitting layer
12, the hole-injection transport layer 13, and the transparent
electrode 14 are formed in the stated order from the top is
provided on the transparent substrate 15.

[0054] The organic light emitting device la in FIG. 1A
exhibits an electrical rectifying property. When an electric
field is applied to the organic light emitting device 1a so that
the metal electrode 10 functions as a cathode and the trans-
parent electrode 14 functions as an anode, electrons are
injected to the light emitting layer 12 from the metal electrode
10 and holes are injected to the light emitting layer 12 from
the transparent electrode 14. The injected holes and electrons
are recombined in the light emitting layer 12 to generate
excitons, whereby the organic light emitting device emits
light when the excitons return to a ground state. At this time,
the hole-injection transport layer 13 also functions as a layer
blocking electrons. This enhances the recombination effi-
ciency of the holes and electrons at an interface between the
light emitting layer 12 and the hole-injection transport layer
13, so an emission efficiency is enhanced.

[0055] FIG. 1B is a cross-sectional view illustrating a sec-
ond embodiment of the organic light emitting device of the
present invention. The organic light emitting device 15 in
FIG. 1B corresponds to the organic light emitting device in
FIG. 1A in which the interlayer 16 is provided between the
light emitting layer 12 and the hole-injection transport layer
13. By providing the interlayer 16, the electrons moving from
the light emitting layer 12 to the hole-injection transport layer
13 can be blocked effectively. Thus, the interlayer 16 may be
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referred to as an electron blocking layer. Further, the inter-
layer 16 also has an effect of blocking diffusion ions (includ-
ing metallic ions) seeping from the transparent electrode 14
and the hole-injection transport layer 13. Therefore, the emis-
sion efficiency of a device is enhanced, and the durability is
also enhanced.

[0056] FIG. 1C is a cross-sectional view illustrating a third
embodiment of the organic light emitting device of the
present invention. The organic light emitting device 1¢ in
FIG. 1C corresponds to the organic light emitting device in
FIG. 1B in which a hole blocking layer 17 is provided
between the electron-injection transport layer 11 and the light
emitting layer 12. By providing the hole blocking layer 17, a
hole seeping from the light emitting layer 12 can be blocked
effectively. In addition, the hole blocking layer 17 also has an
effect of preventing the diffusion ions (including metallic
ions) from diffusing to the light emitting layer 12 by blocking
a diffusion ions seeping from the metal electrode 10 and the
electron-injection transport layer 11. Accordingly, the hole
blocking layer 17 may be referred to as a metal diffusion-
preventing layer. From the foregoing, the emission efficiency
of the organic light emitting device is improved and the dura-
bility is also improved.

[0057] It should be noted that the device structures accord-
ing to FIGS. 1A to 1C are each merely very basic one, and the
structure of the organic light emitting device of the present
invention is not limited to those. For example, an insulating
layer may be provided onto an interface between an electrode
and an organic compound layer, an adhesive layer or an
interference layer may be provided thereonto, and a hole-
injection transport layer may be formed of two layers having
different ionization potentials or energy band gaps. Thus, the
organic light emitting device can be formed of various layers.
[0058] The organic light emitting device of the present
invention includes at least one kind of the fused polycyclic
aromatic compound of the present invention in at least one
layer of the organic compound layers. Here, the organic com-
pound layers specifically refer to the electron-injection trans-
port layer 11, the light emitting layer 12, the hole-injection
transport layer 13, the interlayer 16, and the hole blocking
layer 17 illustrated in FIGS. 1A to 1C. In particular, the
organic light emitting device is useful as the material for the
light emitting layer 12, the electron-injection transport layer
13, or the hole-injection transport layer 11. In addition, the
layer constituting the organic light emitting device of the
present invention is formed by a vacuum vapor deposition
method or a solution coating method, thereby becoming a
layer which is hardly crystallized and has excellent stability
with time.

[0059] When used as a constituent material for the light
emitting layer 12, the fused polycyclic aromatic compound of
the present invention can be used together with, as required, a
known low-molecular-weight and polymer light emitting
material, hole transporting material, or a electron transporting
material.

[0060] The light emitting material includes, for example, a
fluorescent light emitting material. Specific examples of the
fluorescent light emitting material include benzooxazole and
a derivative thereof, benzoimidazole and a derivative thereof,
benzothiazole and a derivative thereof, styrylbenzene and a
derivative thereof, polyphenyl and a derivative thereof, diphe-
nylbutadiene and a derivative thereof, tetraphenylbutadiene
and a derivative thereof, naphthalimide and a derivative
thereof, coumarin and a derivative thereof, a fused polycyclic



US 2011/0095284 Al

aromatic compound, perinone and a derivative thereof, oxa-
diazole and a derivative thereof, oxadine and a derivative
thereof, aldazine and a derivative thereof, pyraridine and a
derivative thereof, cyclopendadiene and a derivative thereof,
bisstyryl anthracene and a derivative thereof, quinacridon and
a derivative thereof, pyrrolopyridine and a derivative thereof,
thiadiazoropyridine and a derivative thereof, cyclopentadiene
and a derivative thereof, styrylamine and a derivative thereof,
diketopyrrolopyrrole and a derivative thereof, an aromatic
dimethylidene compound, 8-quinolinol and a metal complex
that is a derivative thereof, pyrromethene and a metal com-
plex that is a derivative thereof, a rare earth complex, various
kinds of metal complexes such as a transition metal complex,
polymer compounds such as polythiophene, polyphenylene,
and polyphenylenevinylene, and an organic silane and a
derivative thereof. Preferred is a fused polycyclic aromatic
compound, a quinacridon derivative, diketopyrrolopyrole
derivative, a metal complex of a pyrromethene derivative, a
rare earth complex, or a transition metal complex, and more
preferred is a fused polycyclic aromatic compound and a
transition metal complex.

[0061] On the other hand, considering an emission effi-
ciency (external quantum efficiency of an organic light emit-
ting device), it is possible to use a phosphorescent material as
the light emitting material.

[0062] The phosphorescent light emitting material is pref-
erably a transition metal complex such as iridium, platinum,
rhenium, or ruthenium, and more preferably a transition
metal complex such as iridium or platinum.

[0063] Examples of the hole transporting material include
triarylamine derivatives, phenylene diamine derivatives, tria-
zole derivatives, oxadiazole derivatives, imidazole deriva-
tives, pyrazoline derivatives, pyrazolone derivatives, oxazole
derivatives, fluorenone derivatives, hydrazone derivatives,
stilbene derivatives, phthalocyanine derivatives, porphyrin
derivatives, poly(vinylcarbazole), poly(silylene), and poly
(thiophene).

[0064] Further, examples ofthe electron transporting mate-
rial include organic compounds such as oxadiazole deriva-
tives, oxazole derivatives, thiazole derivatives, thiadiazole
derivatives, pyrazine derivatives, triazole derivatives, triazine
derivatives, perylene derivatives, quinoline derivatives, qui-
noxaline derivatives, fluorenone derivatives, anthrone deriva-
tives, phenanthroline derivatives, and an organic metal com-
plex such as a quinolinol aluminum complex.

[0065] When used as the constituent material for the elec-
tron-injection transport layer 11, the fused polycyclic aro-
matic compound of the present invention can be used in the
presence of a known metal, metal salt, a metal oxide, or the
like, as required.

[0066] Specific examples of the metal, metal salt, and metal
oxide include metals such as lithium, sodium, potassium,
cesium, calcium, magnesium, aluminum, indium, silver, lead,
tin, and chromium, metal fluorides such as lithium fluoride
and aluminum fluoride, and a metal carbonate such as cesium
carbonate.

[0067] In the organic light emitting device of the present
invention, a material which forms the anode has as large a
work function as possible. Examples of available materials
include: metal elements such as gold, silver, platinum, nickel,
palladium, cobalt, selenium, and vanadium; alloys combining
those metal elements; and metal oxides such as tin oxide, zinc
oxide, indium tin oxide (ITO), and indium zinc oxide. Fur-
ther, conductive polymers such as polyaniline, polypyrrole,
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polythiophene, and polyphenylene sulfide may also be used.
One kind of those electrode substances may be used singly.
Alternatively, two or more kinds of them may also be used in
combination. Further, the anode may be formed of a single
layer or multiple layers.

[0068] On the other hand, a material which forms the cath-
ode has as small a work function as possible. Examples of
available materials include: metal elements such as lithium,
sodium, potassium, cesium, calcium, magnesium, aluminum,
indium, silver, lead, tin, and chromium; alloys formed of
multiple metal elements in combination; and salts thereof.
Further, metal oxides such as indium tin oxide (ITO) may also
be used. Further, the cathode may be formed of a single layer
or multiple layers.

[0069] Substrates which is used in the organic light emit-
ting device of the present invention include: opaque sub-
strates such as metallic substrates and ceramics substrates;
and transparent substrates such as glass, quartz, and plastic
sheet substrates, but are not particularly limited to those mate-
rials. In addition, a color filter film, a fluorescent color con-
verting film, a dielectric reflection film, or the like may be
used in the substrate to control emitted light.

[0070] Itis preferred that the organic light emitting device
of the present invention be finally covered with a protective
layer. As a material for the protective layer, those which have
a function of preventing a substance that promotes the deg-
radation in a device, such as water and oxygen, from entering
the device may be used. Specific examples thereof include:
metal elements such as In, Sn, Pb, Au, Cu, Ag, Al, Ti, and Ni;
metal oxides such as MgO, SiO, Si0,, Al,O;, GeO, NiO,
Ca0, BaO, Fe,0;, Y,0;, and TiO,; metal fluorides such as
MgF,, LiF, AlF;, and CaF,; nitrides such as SiN, and SiO,N,;
polyethylene; polypropylene; polymethylmethacrylate;
polyimide; polyurea; polytetrafluoroethylene; polychlorotri-
fluoroethylene; polydichlorodifluoroethylene; a copolymer
of chlorotrifluoroethylene and dichlorodifluoroethylene; a
copolymer obtained by copolymerizing a monomer mixture
containing tetrafluoroethylene and at least one kind of
comonomer; a fluorene-containing copolymer having a
cyclic structure in a copolymer main chain; a water-absorbing
material with a water-absorbing ratio of 1% or more; and a
moisture-proof material with a water-absorbing ratio 0£0.1%
or less.

[0071] Thereis no particular limit to the method of forming
a protective layer covering the organic light emitting device,
and for example, a vacuum vapor deposition method, a sput-
tering, a reactive sputtering, a molecular beam epitaxy (MBE)
method, a cluster ion beam method, an ion plating, a plasma
polymerization (high-frequency excitation ion plating), a
plasma CVD, a laser CVD, a thermal CVD, a gas source
CVD, a coating, a printing, and a transfer method can be
applied.

[0072] In the organic light emitting device of the present
invention, as a layer containing the fused polycyclic aromatic
compound of the present invention, a thin film is generally
formed by a vacuum vapor deposition method, or a coating
method involving being dissolved in an appropriate solvent.
Specific examples of the method of forming a thin film by a
coating method include a spin coating, a slit coater method, a
printing, an ink-jet method, and a spray method. Among the
fused polycyclic aromatic compounds of the present inven-
tion, acompound having a molecular weight exceeding 2,000
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tends to have a high sublimation temperature. Therefore, in
such a case, a thin film is preferably formed by the coating
method.

[0073] In the case of forming a thin film by a coating
method, it is necessary to prepare an ink composition con-
taining the fused polycyclic aromatic compound of the
present invention and a solvent. Examples of the solvents
used in the ink composition include toluene, xylene, mesity-
lene, dioxane, tetralin, methylnaphthalene, tetrahydrofuran,
and diglyme.

[0074] In the ink composition of the present invention, the
amount of a solid component containing the fused polycyclic
aromatic compound of the present invention is preferably
0.05% by weight or more and 20% by weight or less, and
more preferably 0.1% by weight or more and 10% by weight
or less with respect to the total weight of the ink composition.
When the amount is smaller than 0.05% by weight, the con-
centration of the solid component in ink is extremely small, so
the stability of a produced film may be impaired. When the
amount is larger than 10% by weight, the solid component in
ink may be precipitated without being dissolved completely,
and a produced film may be enlarged in thickness.

[0075] In the organic light emitting device of the present
invention, a light extraction efficiency, a color purity, and the
like can be enhanced due to various known means. For
example, by processing the shape of a substrate surface (for
example, form a fine uneven pattern), controlling the refrac-
tive indices of a substrate/an ITO layer/an organic layer, con-
trolling the thicknesses of a substrate/an ITO layer/an organic
layer, and the like, the light extraction efficiency and the
external quantum efficiency can be enhanced. Also, a color
purity can be enhanced by reducing an excessive wavelength
component using a micro-cavity structure (micro resonator
structure), obtaining a desired color with a color filter, and the
like.

[0076] The organic light emitting device of the present
invention may be a so-called top emission system in which
light is extracted from an anode side for the purpose of
enhancing an opening ratio, or a cavity structure of adjusting
the color purity by optical buffer.

[0077] The organic light emitting device of the present
invention is applicable to a product which requires energy
conservation and high luminance. As application examples,
an image display apparatus, a light source of a printer, an
illumination apparatus, a backlight of a liquid crystal display
apparatus, and the like are conceivable.

[0078] Anexample of the image display apparatus includes
an energy-efficient and light-weight flat panel display with
high visibility.

[0079] Further, as the light source of a printer, for example,
a laser light source portion of a laser beam printer that has
been currently used widely can be replaced by the organic
light emitting device of the present invention. An example of
a replacement method includes a method of placing an
organic light emitting device that can be addressed indepen-
dently on an array. Even if the laser light source portion is
replaced by the organic light emitting device of the present
invention, there is no particular difference in the formation of
an image from a conventional example by conducting desired
light exposure to a photosensitive drum. The volume of an
apparatus can be reduced remarkably by using the organic
light emitting device of the present invention.
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[0080] Regarding the illumination apparatus and the back-
light, the effect of saving energy can be expected by using the
organic light emitting device of the present invention.

[0081] Next, the display apparatus of the present invention
is described. The display apparatus of the present invention
uses the organic light emitting device of the present invention.
Hereinafter, the display apparatus of the present invention is
described in detail by exemplifying an active matrix system
with reference to the drawings.

[0082] FIG.21sa view schematically illustrating a configu-
ration example of an image display apparatus including the
organic light emitting device of the present invention and a
driving unit. In an image display apparatus 20 illustrated in
FIG. 2, a scanning signal driver 21, an information signal
driver22, and a current supply source 23 are placed, which are
each connected to gate selection lines G, information signal
lines 1, or current supply lines C. A pixel circuit is placed at a
crossing point of the gate selection line G and the information
signal line I. The scanning signal driver 21 successively
selects gate selection lines G1, G2, G3, . . . Gn, and in
synchronization therewith, an image signal is applied from
the information signal driver 22.

[0083] Next, the behavior of the pixels is described. FIG. 3
1s a circuit diagram illustrating a circuit constituting one pixel
placed in the image display apparatus in FIG. 2. In a pixel
circuit 30 in FIG. 3, when a selection signal is applied to the
gate selection line G, a first thin film transistor (TFT1) 31 is
turned on, and an image signal is supplied to a capacitor
(C,4z) 32, whereby a gate voltage of a second thin film tran-
sistor (TFT2) 33 is determined. A current is supplied to an
organic light emitting device 34 from a current supply line C
in accordance with a gate voltage of the second thin film
transistor 33. The gate potential of the second thin film tran-
sistor 33 is held at the capacitor 32 until the first thin film
transistor 31 is scanned and selected next. Therefore, a cur-
rent continues to flow through the organic light emitting
device 34 until the subsequent scanning is conducted. This
enables the organic light emitting device 34 to emit light at all
times during one frame.

[0084] FIG. 4 is a cross-sectional schematic view illustrat-
ing one embodiment of the display apparatus of the present
invention. In FIG. 4, the detail of the configuration of a
display apparatus 40 is described by way of an example of the
production process of the display apparatus 40. In the display
apparatus 40, a substrate 41 formed of glass or the like is
coated with a moisture-proof film 42 for protecting a member
(TFT or organic compound layer) formed in an upper portion
of the substrate 41. As a coating material serving as a con-
stituent material of the moisture-proof film 42, silicon oxide,
a composite of silicon oxide and silicon nitride, or the like is
used. Next, metal such as Cr is formed into a film by sputter-
ing and patterned to a predetermined circuit shape, whereby a
gate electrode 43 is formed. Subsequently, silicon oxide or the
like is formed into a film by a plasma CVD, a catalyst chemi-
cal vapor deposition (cat-CVD), or the like, and patterned to
form a gate insulating film 44. Next, a silicon film is produced
by aplasma CVD (by annealing at a temperature 0f290° C. or
higher in some cases), and patterned in accordance with a
circuit shape, whereby a semiconductor layer 45 is formed.
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[0085] Further, a drain electrode 46 and a source electrode
47 are each provided on the semiconductor layer 45 to pro-
duce a TFT element, whereby a pixel circuit 30 as illustrated
in FIG. 3 is formed. Next, an insulating film 48 is formed in an
upper portion of the TFT element. After that, a contact hole
(through-hole) 49 is formed so that a lower electrode (anode)
50 for an organic light emitting device formed of metal comes
into contact with a source electrode 47.

[0086] A multi-layer or signal-layer organic compound
layer 51 and a cathode 52 are successively laminated on the
anode 50, whereby a display apparatus can be obtained. Note
that, in order to protect the organic light emitting device from
water and oxygen in the atmosphere, a first protective layer 54
and a second protective layer 55 may be preferably provided.
By driving the display apparatus using the fused polycyclic
aromatic compound of the present invention, a display of a
satisfactory quality, which is stable for a display for a long
period of time, can be conducted.

[0087] In the display apparatus of the present invention,
there is no particular limit to a switching element, and any
switching element can be easily applied to a single crystal
silicon substrate, an MIM element, an a-Si type, and the like.
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[0090] The following reagents and solvents were loaded
into a 300-ml three-necked flask and the inside of the flask
was set to a nitrogen atmosphere.

Compound (Al):

Compound (A2):

Pd(dba), (bis(benzylidene acetone)
palladium catalyst}:

P(Cy),: 0.82 g (2.9 mmol)
Dehydrated dimethyl formamide: 100 ml

1 g (1.8 mmol)
0.75 g (4.3 mmol)
0.75 g (0.7 mmol)

[0091] Next, the reaction solution was heated to 155° C.,
and thereafter, stirred at the temperature for 9 hours. After the
completion of the reaction, a precipitate was filtered and
dissolved in chloroform. Then, a column purification (filler:
silica gel, developing solvent: chloroform) was carried out
and the solvent was distilled off under reduced pressure.
Next, the resultant was recrystallized with chloroform,
whereby 112 mg (yield 11.8%) of Compound (A3) of interest
(Exemplified Compound [1]) was obtained.

Example 2

Synthesis of Exemplified Compound (51)

EXAMPLES
. S . [0092]
[0088] Hereinafter, the present invention is described more
specifically by way of examples, but the present invention is
not limited thereto. [Ir(OMe)(COD)],
O dtbpy, Bopiny
’O‘O. cyclohexa.ne
Example 1
Synthesis of Exemplified Compound [1] (A3]
[0089]
PN
B B HO OH Pd(dba),, P(Cy)s, DBU
[A2]
DMF
Br Br

[Al]

20008

(A3]
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[0093] The following reagents and solvents were loaded
into a 300-ml three-necked flask and the inside of the flask
was set to a nitrogen atmosphere.

Compound (A3): 1.94 g (4.0 mmol)
B,pin, (bispinacolborane): 2.86 g {17 mmol)
[IH(OMe)(COD)],

(biscyclooctadiene(methoxy) palladium catalyst): 0.14 g {0.12 mmol)
dtbpy (ditertiary-butyl-2,2-bipyridine): 0.04 g (0.16 mmol)
Cyclohexane: 100 ml

[0094] Next, the reaction solution was heated to 80° C., and
thereafter, stirred at the temperature for 27 hours. After the
completion of the reaction, the solvent was distilled offunder
reduced pressure, whereby a crude product was obtained.
Next, the obtained crude product was subjected to a column
purification (filler: silica gel, developing solvent: heptane/
chloroform=1/1). Next, the resultant was recrystallized with a
mixed solvent of chloroform/methanol, whereby 1.3 g (yield
32.8%) of Compound (B1) of interest (Exemplified Com-
pound (51)) was obtained.

Example 3
Synthesis of Exemplified Compound (15)
[0095]

>\y< o
N0 B
B \
OH
[C1]
NaCO; ag, PA(TPP),
O Tolene/FtOH

B
/ 0
O
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[0096] The following reagents and solvents were loaded
into a 200-ml three-necked flask and the inside of the flask
was set to a nitrogen atmosphere.

Compound (B1): 1.0 g (1.0 mmol}
Borane compound (C1): 0.83 g (4.2 mmol)
Toluene: 40 ml
Ethanol: 10 ml
[0097] While the reaction solution was stirred at room tem-

perature, 12 ml of an aqueous solution of saturated sodium
carbonate were dropped thereto. Next, 0.23 g (0.2 mmol) of
Pd(TPP), [tetrakis(tripihenyl phosphine)palladium(O)) was
added thereto. Next, after the reaction solution was stirred at

A (7
Sieeesty

room temperature for 30 minutes, the reaction solution was
further stirred for 24 hours while being refluxed. After the
completion of the reaction, an organic layer was extracted
with chloroform and the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.
Next, the obtained crude product was purified by silica gel
column chromatography (developing solvent: mixed solvent
of hexane and chloroform), whereby 0.35 g (yield 31.8%) of
Compound (C2) (Exemplified Compound (15)) as a white
solid was obtained.

Example 4
Synthesis of Exemplified Compound (24)
[0098]

N

H
NaO'Bt, PA(OAc),, P(t-Bu)s

(D2]

o-xylene

(D1]
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Beatoerri®e

(D3]

[0099] The following reagents and solvents were loaded
into a 500-ml three-necked flask and the inside of the flask
was set to a nitrogen atmosphere.

Compound (D1):
o-xylene:

1 g (15.4 mmol)
250 ml

[0100] Next, the following reagents and solvents were
loaded thereto.

Compound (D2): 6.5 g (38.5mol)

Sodium-t-butoxide: 37¢g
Palladium acetate: 0.68 g
Tri(t-butoxy)phosphine: 25 g

[0101] Next, the reaction solution was heated to 120° C.

and stirred at the temperature for 5 hours. After the comple-
tion of the reaction, the solvent was distilled off under
reduced pressure, whereby a crude product was obtained.
Next, the obtained crude product was purified by silica gel
column chromatography (developing solvent: hexane),
whereby 3.8 g (vield 80%) of Compound (D3) (Exemplified
Compound (24)) was obtained.

Exaniple 5
Synthesis of Exemplified Compound (34)

[0102]

OH
/
B
\
Q :
Pd(dba)y, P(Cy)s, DBU

Br. Br
[E1]
DMF
Br B

T

[A1]

-continued

[0103] The following reagents and solvents were loaded
into a 300-ml three-necked flask and the inside of the flask
was set to a nitrogen atmosphere.

Compound (Al):

Compound (E1):

Pd(dba), (bis(benzylidene acetone)
palladium catalyst}:

P(Cy)s:

Dehydrated dimethyl formamide:

1 g (1.8 mmol)
1.05 g (4.3 mmol)
0.75 g (0.7 mmol)

0.82 g (2.9 mmol)
100 ml

[0104] Next, the reaction solution was heated to 155° C.,
and stirred at the temperature for 24 hours. After the comple-
tion of the reaction, a precipitate was filtered and dissolved in
chloroform. Then, a column purification (filler: silica gel,
developing solvent: chloroform) was carried out and the sol-
vent was distilled offunder reduced pressure. Next, the result-
ant was recrystallized with chloroform, whereby 255 mg
(yield 22.2%) of Compound (E2) of interest (Exemplified
Compound (34)) was obtained.

Example 6
Production of Organic Light Emitting Device

[0105] An organic light emitting device having a structure
illustrated in FIG. 1A was produced. Note that, in this
example, the fused polycyclic aromatic compound was con-
tained in the light emitting layer.

[0106] First, as a transparent electrode 14, a film of indium
tin oxide (ITO) was formed on a glass substrate (transparent
substrate 15) by sputtering. In this time, the film thickness of
the transparent electrode 14 was set to 120 nm. Next, the
substrate was subjected to ultrasonic cleaning sequentially
with acetone and isopropyl alcohol (IPA). Then, the resultant
was washed in boiling IPA, followed by drying. Further, the
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resultant was subjected to UV/ozone cleaning. The thus-
treated substrate was used as a transparent conductive sup-
porting substrate.

[0107] On the transparent conductive supporting substrate,
a-NPD  [N,N'-bis(1-naphthyl)-N,N'-diphenyl[1,1'-biphe-
nyl]-4,4'-diamine] represented below was formed into a film
by a vacuum vapor deposition method, whereby a hole-injec-
tion transport layer 13 was formed. In this time, the thickness
of the hole-injection transport layer 13 was 30 nm. The
vacuum degree was 1.0x10™* Pa and the vapor deposition rate

was 0.2 nm/sec to 0.4 nm/sec.
~ )=

[a-NPD]

[0108] Next, on the hole-injection transport layer 13, Com-
pound (A3) ((Exemplified Compound [1]) synthesized in
Example 1 was formed into a film by a vacuum vapor depo-
sition method, whereby a light emitting layer 12 was formed.
Inthis time, the thickness of the light emitting layer 12 was 30
nm. The vacuum degree was 1.0x10~* Pa and the vapor depo-
sition rate was 0.2 nm/sec to 0.4 nm/sec.

[0109] Next, on the light emitting layer 12, Alq; (8-hydrox-
yqunoline aluminum) represented below was formed into a
film by a vacuum vapor deposition method, whereby an elec-
tron-injection transport layer 11 was formed. In this time, the
thickness of the electron-injection transport layer 11 was 20
nm. The vacuum degree was 1.0x107* Pa and the vapor depo-
sition rate was 0.2 nm/sec to 0.4 nm/sec.

[Algs]

[0110] Next, on the electron-injection transport layer 11,
LiF (lithium fluoride) was formed into a film by a vacuum
vapor deposition method, whereby an LiF film was formed. In
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this time, the thickness of the LiF film was 0.5 nm. The
vacuum degree was 1.0x107* Pa and the film formation rate
was 0.1 nm/sec. Next, on the LiF film, Al was formed into a
film by a vacuum vapor deposition method, whereby an Al
film was formed. In this time, the thickness of the Al film was
120 nm. The vacuum degree was 1.0x10™* Pa and the film
formation rate was 1.0 nn/sec or more and 1.2 nny/sec or less.
Note that the LiF film and the Al film each function as a metal
electrode 10.

[0111] Finally, the layers were covered with a protection
glass plate under a nitrogen atmosphere and sealed with an
acrylic adhesive material. Thus, an organic light emitting
device was obtained.

[0112] When a DC voltage was applied to the obtained
device by usingan ITO electrode (transparent electrode 14) as
a positive electrode and an Al electrode (metal electrode 10)
as a negative electrode, the device showed a blue light emis-
sion. In addition, when a driving voltage was set to 5V, the
emission luminance was 750 cd/m’.

[0113] In addition, a constant current driving test (durabil-
ity test) was carried out while the initial luminance was set to
200 cd/m”. In this time, the time required for the emission
luminance to attenuate to the half of the initial luminance
(luminance half time) was 520 hours.

Comparative Example 1

[0114] An organic light emitting device was produced in
the same way as in Example 6 except that a fluoranthene
(manufactured by Sigma-Aldrich) represented below instead
of Compound (A3) (Exemplified Compound [1]) was formed
into a film to form a light emitting layer 12 in Example 6. Note
that, immediately after the fluoranthene represented below
was formed into a film, whitening of the film was observed.

[Fluoranthene]

[0115] When a DC voltage was applied to the obtained
device by using the ITO electrode (transparent electrode 14)
as a positive electrode and the Al electrode (metal electrode
10) as a negative electrode, the device showed a blue light
emission. In addition, when a driving voltage was setto 5V,
the emission luminance was 120 cd/m®.

[0116] In addition, a constant current driving test was car-
ried out in the same way as in Example 6, the luminance half
time was 5 hours.

Example 7

[0117] An organic light emitting device was produced in
the same way as in Example 6 except that Compound (D3)
(Exemplified Compound (24)) instead of Compound (A3)
(Exemplified Compound [1]) was formed into a film to form
a light emitting layer 12 in Example 6.

[0118] When a DC voltage was applied to the obtained
device by using the ITO electrode (transparent electrode 14)
as a positive electrode and the Al electrode (metal electrode
10) as a negative electrode, the device showed a blue-green
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light emission. In addition, when a driving voltage was set to
5V, the emission luminance was 3,200 cd/m?.

[0119] In addition, a constant current driving test (durabil-
ity test) was carried out while the initial luminance was set to
1,000 cd/m?. In this time, the time required for the emission
luminance to attenuate to the half of the initial luminance
(luminance half time) was 980 hours.

Comparative Example 2

[0120] An organic light emitting device was produced in
the same way as in Example 6 except that N,N-di(methylphe-
nyl)-3-fluoranthene instead of Compound (A3) (Exemplified
Compound [ 1]) was formed into a film to form a light emitting
layer 12 in Example 6. Note that N,N-di(methylphenyl)-3-
fluoranthene below was a compound described in Japanese
Patent Application Laid-Open No. 2002-043058 and a com-
pound obtained according to a synthesis method described in
the application.

[N,N-di(methylphenyl )-3-fluoranthene]

[0121] When a DC voltage was applied to the obtained
device by using the ITO electrode (transparent electrode 14)
as a positive electrode and the Al electrode (metal electrode
10) as a negative electrode, the device showed a blue-green
light emission. In addition, when a driving voltage was set to
5V, the emission luminance was 1,200 cd/m?.

[0122] In addition, a constant current driving test was car-
ried out in the same way as in Example 7, the luminance half
time was 46 hours.

Example 8

[0123] An organic light emitting device was produced in
the same way as in Example 6 except that Compound (C2)
(Exemplified Compound (57)) instead of Compound (A3)
(Exemplified Compound [1]) and Ir(piq); (tris(phenyliso-
quinolin)iridium complex) were co-deposited to form a light
emitting layer 12 in Example 6. Note that Ir(piq), vsed in this
example is a compound obtained in reference to a synthesis
method described in Journal of American Chemical Society,
123, 4304 (2001). In addition, the vapor deposition rate ratio
of Compound (C2) and Ir(piq); was as follows: Compound
(C2)/Tr(piq);=4/1.
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(Ir(pic)s]

[0124] When a DC voltage was applied to the obtained
device by using the ITO electrode (transparent electrode 14)
as a positive electrode and the Al electrode (metal electrode
10) as a negative electrode, the device showed a red light
emission. In addition, when a driving voltage was set to 5V,
the emission luminance was 800 cd/m?.

[0125] In addition, a constant current driving test (durabil-
ity test) was carried out while the initial luminance was set to
600 cd/m®. In this time, the time required for the emission
luminance to attenuate to the half of the initial luminance
(luminance half time) was 855 hours.

Example 9

[0126] An organic light emitting device was produced in
the same way as in Example 8 except that Compound (E2R)
(Exemplified Compound (34)) synthesized in Example 5 was
used instead of Compound (C2) (Exemplified Compound
(57)) in Example 8 to form a light emitting device.

[0127] When a DC voltage was applied to the obtained
device by using the ITO electrode (transparent electrode 14)
as a positive electrode and the Al electrode (metal electrode
10) as a negative electrode, the device showed a red light
emission. In addition, when a driving voltage was set to 5V,
the emission luminance was 850 cd/m?.

[0128] In addition, a constant current driving test was cat-
ried out in the same way as in Example 8, the luminance half
time was 760 hours.

Example 10
Production of Organic Light Emitting Device

[0129] An organic light emitting device having a structure
illustrated in FIG. 1C was produced. Note that the fused
polycyclic aromatic compound of the present invention is
contained in the hole blocking layer.

[0130] First, as a transparent electrode 14, a film of indium
tin oxide (ITO) was formed on a glass substrate (transparent
substrate 15) by sputtering. In this time, the film thickness of
the transparent electrode 14 was set to 120 nm. Next, the
substrate was subjected to ultrasonic cleaning sequentially
with acetone and isopropyl alcohol (IPA). Then, the resultant
was washed in boiling IPA, followed by drying. Further, the
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resultant was subjected to UV/ozone cleaning. The thus-
treated substrate was used as a transparent conductive sup-
porting substrate.

[0131] On the transparent conductive supporting substrate,
CuPc (phthalocyanine copper complex) was formed into a
film by a vacuum vapor deposition method, whereby a hole-
injection transport layer 13 was formed. In this time, the
thickness of the hole-injection transport layer 13 was 5 nm.
The vacuum degree was 1.0x10~* Pa and the vapor deposition
rate was 0.2 nny/sec.

[0132] Next, on the hole-injection transport layer 13,
a-NPD was formed into a film by a vacuum vapor deposition
method, whereby an interlayer 16 was formed. In this time,
the thickness of the interlayer 16 was 30 nm. The vacuum
degree was 1.0x107* Pa and the vapor deposition rate was 0.2
nm/sec to 0.4 nm/sec.

[0133] Next, on the interlayer 16, Alq; was formed into a
film by a vacuum vapor deposition method, whereby a light
emitting layer 12 was formed. In this time, the thickness of the
light emitting layer 12 was 20 nm. The vacuum degree was
1.0x10~* Pa and the vapor deposition rate was 0.2 nm/sec to
0.4 nm/sec.

[0134] Next, on the light emitting layer 12, Compound
(A3) (Exemplified Compound [1]) synthesized in Example 1
was formed into a film by a vacuum vapor deposition method,
whereby ahole blocking layer 17 was formed. In this time, the
thickness of the hole blocking layer 17 was 20 nm. The
vacuum degree was 1.0x10~* Pa and the vapor deposition rate
was 0.2 nm/sec to 0.4 nmy/sec.

[0135] Next, on the hole blocking layer 17, Alq, was
formed into a film by a vacuum vapor deposition method,
whereby an electron-injection transport layer 11 was formed.
In this time, the thickness of the electron-injection transport
layer 11 was 20 nm. The vacuum degree was 1.0x10™* Paand
the vapor deposition rate was 0.2 nm/sec to 0.4 nm/sec.

[0136] Next, on the electron-injection transport layer 11,
LiF (lithium fluoride) was formed into a film by a vacuum
vapor deposition method, whereby an LiF film was formed. In
this time, the thickness of the LiF film was 0.5 nm. The
vacuum degree was 1.0x10™* Pa and the film formation rate
was 0.1 nm/sec. Next, on the LiF film, Al was formed into a
film by a vacuum vapor deposition method, whereby an Al
film was formed. In this time, the thickness of the Al film was
120 nm. The vacuum degree was 1.0x10™* Pa and the film
formation rate was 1.0 nm/sec or more and 1.2 nm/sec or less.
Note that the LiF film and the Al film each function as a metal
electrode 10.

[0137] Finally, the layers were covered with a protection
glass plate under a nitrogen atmosphere and sealed with an
acrylic adhesive material. Thus, an organic light emitting
device was obtained.

[0138] When a DC voltage was applied to the obtained
organic light emitting device by using an ITO electrode
(transparent electrode 14) as a positive electrode and an Al
electrode (metal electrode 10) as a negative electrode, the
device showed a green light emission. In addition, when a
driving voltage was set to 5V, the emission luminance was
3,500 cd/m>.

[0139] In addition, a constant current driving test (durabil-
ity test) was carried out while the initial luminance was set to
1,000 cd/m?. In this time, the time required for the emission
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luminance to attenuate to the half of the initial luminance
(luminance half time) was 680 hours.

Comparative Example 3

[0140] An organic light emitting device was produced in
the same was as in Examples 10 except that the formation of
the hole blocking layer 17 was omitted and the thickness of
the electron-injection transport layer 11 was set to 40 nm in
Example 10.

[0141] When a DC voltage was applied to the obtained
organic light emitting device by using the ITO electrode
(transparent electrode 14) as a positive electrode and the Al
electrode (metal electrode 10) as a negative electrode, the
device showed a green light emission. In addition, when a
driving voltage was set to 5V, the emission luminance was
1,800 cd/m?.

[0142] In addition, a constant current driving test was car-
ried out in the same way as in Example 10, the luminance half
time was 55 hours.

[0143] From comparison between Example 10 and Com-
parative Example 3, it was confirmed that the hole injected
from the anode side was blocked in the hole blocking layer 17
and sealed in the light emitting layer 12 in Example 10, with
the result that high luminance could be obtained. On the other
hand, in Comparative Example 1, the constituent material for
the light emitting layer 12 and the constituent material for the
electron-injection transport layer 11 are the same with each
other. In this case, because the effect of blocking the hole
(effect of sealing a carrier in the light emitting layer) is small,
high luminance could not be obtained. In addition, it was
highly possible that difference in efficiency of the device
influenced the durability.

[0144] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
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 encompass all
such modifications and equivalent structures and functions.
[0145] This application claims the benefit of Japanese
Patent Application No. 2008-182216, filed Jul. 14, 2008,
which is hereby incorporated by reference herein in its
entirety.

1. A fused polycyclic aromatic compound represented by
the following general formula [1],

1

[1]
R, R
R; Ry

where R, to R, each represent hydrogen, a halogen atom, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted aralkyl group, or a substituted or unsub-
stituted aryl group.
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2. A fused polycyclic aromatic compound represented by
the following general formula [2],

where: R to Ry each represent hydrogen, a halogen atom,
a substituted or unsubstituted alkyl group, a substituted
orunsubstituted aralkyl group, or a substituted or unsub-
stituted aryl group; X represents a substituted or unsub-
stituted alkyl group, a substituted or unsubstituted
aralkyl group, a substituted or unsubstituted aryl group,
a substituted or unsubstituted heterocyclic group, a sub-
stituted amino group, a substituted boryl group, a sub-
stituted silyl group, a cyano group, or a halogen atom;
and n represents an integer of 0 to 6, and when n repre-
sents 2 or more, a plurality of X’s may be the same as or
different from each other and the plurality of X’s may
bond to each other to form a ring structure.

3. A fused polycyclic aromatic compound according to
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where: Ry to R, each represent hydrogen, a halogen atom,
a substituted or unsubstituted alkyl group, a substituted
or unsubstituted aralkyl group, or a substituted or unsub-
stituted aryl group; and m represents an integer of 1 to 6,
and where: R ; to R, each represent hydrogen, a halo-
gen atom, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted aralkyl group, or a substi-
tuted or unsubstituted aryl group; and 1 represents an
integer of 1 to 6.

4. An organic light emitting device, comprising:

an anode;

a cathode;

an organic compound layer interposed between the anode
and the cathode, wherein at least one layer of the organic
compound layers includes at least one kind of the fused
polycyclic aromatic compound according to claim 1.

5. A display apparatus comprising the organic light emit-

ting device according to claim 4.

6. An organic light emitting device, comprising:

an anode;

a cathode;

an organic compound layer interposed between the anode

and the cathode, wherein at least one layer of the organic
compound layers includes at least one kind of the fused
polycyclic aromatic compound according to claim 2.

claim 2, wherein the fused polycyclic aromatic compound is
synthesized by using, as araw material, one of the compounds
represented by the following general formulae [3] and [4],

7. A display apparatus comprising the organic light emit-

ting device according to claim 6.
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