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(57) ABSTRACT

The present invention aims to provide an organic EL ele-
ment having excellent light-emitting efficiency, emission
luminance and color purity of green light. The organic EL
element contains an organic thin film layer interposed
between a positive electrode and a negative electrode, this
organic thin film layer comprising a 1,3,6,8-tetrasubstituted
pyrene compound represented by the following formula (1)
as a luminescent material:

Formula (1)

wherein R to R* may be the same or different, and
represent a group represented by the following for-

mula (2):
Formula (2)

wherein R® and R° may be the same or different, and
represent a hydrogen atom or a substituent group.
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1,3,6,8-TETRASUBSTITUTED PYRENE
COMPOUND, ORGANIC EL ELEMENT USING
THE SAME, AND ORGANIC EL DISPLAY USING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2002-248378, filed in Aug. 28, 2002, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a 1,3,6,8-tetrasub-
stituted pyrene compound suitable as a luminescent material
in an organic electroluminescent (EL) element, an organic
EL element comprising the 1,3,6,8-tetrasubstituted pyrene
compound, and an organic EL display comprising the
organic EL element.

[0004] 2. Description of the Related Art

[0005] Organic EL elements have features such as self-
luminousness and rapid response, and receive high expec-
tations to be applied to flat panel displays. A two-layer
(multi-layer) organic EL element comprising an organic thin
film having positive hole transport properties (positive hole
transport layer) and an organic thin film having electron
transport properties (electron transport layer) has been
reported (C. W. Tang and S. A. VanSlyke, Applied Physics
Lerters vol.51, 913 (1987)), and, as a large area light-
emitting element which emits light at a low voltage of 10V
or less, organic EL elements have recently been attracting
attention. Organic EL elements of the laminated type have
the basic construction, anode/positive hole transport layer/
light-emitting  layer/electron transport layer/cathode,
wherein the functions of the positive hole transport layer or
electron transport layer may be added to that of the light-
emitting layer as in the two-layer type.

[0006] It has been recently expected that organic EL
elements will soon be applied to full color displays. In a full
color display, it is necessary to have pixels emitting light of
three primary colors, blue (B), green (G) and red (R)
arranged on a display panel. There are three methods of
doing this, ie., (a) providing three types of organic EL
elements, blue (B), green (G), and red (R); (b) separating the
emitted light from an organic EL element emitting white
light (which is mixed light of blue (B), green (G) and red
(R)) by color filters; and (c) converting the light emission
from an organic EL element that emits blue light into green
(G) light and red (R) light by a color conversion layer using
fluorescence.

[0007] On the other hand, in order to obtain an organic EL
element having high light-emitting efficiency, it has been
proposed to dope a small amount of molecules of pigment
with high fluorescence as a guest material in a host material
which is a main material so as to form a light-emitting layer
having high light-emitting efficiency (C. W. Tang, S. A.
VanSlyke, and C. H. Chen, Journal of Applied Physics
vol.65, 3610 (1989)).

[0008] The related art does not provide an organic EL
element with high light-emitting efficiency. Therefore, a
request has been made on a novel and high-performance
organic EL element.
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SUMMARY OF THE INVENTION

[0009] Tt is therefore an object of the present invention to
provide a 1,3,6,8-tetrasubstituted pyrene compound suitable
as a luminescent material in an organic EL. element, an
organic EL element having excellent light-emitting effi-
ciency, emission luminance and color purity of green light,
and a highly efficient organic EL display using the organic
EL element.

[0010] Certain 1,3,6,8-tetrasubstituted pyrene compounds
of the present invention is suitable as a luminescent material
for green light emission in an organic EL element, and an
organic ELL element and an organic EL display using the
1,3,6,8-tetrasubstituted pyrene compounds as a luminescent
material have excellent light-emitting efficiency, emission
luminance and color purity of green light, as well as higher
efficiency and higher performance than those obtained in the
related art.

[0011] The organic EL element of the present invention
comprises an organic thin film layer disposed between a
positive electrode and a negative electrode. In the organic
EL element, the organic thin film layer contains a 1,3,6,8-
tetrasubstituted pyrene compound represented by the fol-
lowing formula (1) as a luminescent material:

Formula (1)

[0012] wherein R* to R* may be the same or different,
and each represent a group of the following formula

(2):

Formula (2)

[0013] wherein R® and R® may be the same or dif-
ferent, and each represent a hydrogen atom or a
substituent group.

[0014] As the organic EL element of the present invention
contains the 1,3,6,8-tetrasubstituted pyrene compound as a
luminescent material, it is excellent in light-emitting effi-
ciency, emission luminance and color purity of green light.

[0015] The 1,3,6,8-tetrasubstituted pyrene compound of
the present invention is represented by the following for-
mula (1):
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Formula (1)

[0016] wherein R' to R* may be the same or different,
and each represent a group of the following formula

2

Formula (2)
RS

—N

RS

[0017] wherein R® and R® may be the same or dif-
ferent, and each represent a hydrogen atom or a
substituent group.

[0018] When the 1,3,6,8-tetrasubstituted pyrene com-
pound of the present invention is used as a luminescent
material in an organic EL element, it exhibits excellent
light-emitting efficiency, emission luminance and color
purity of green light.

[0019] The organic EL display of the present invention
uses the organic EL element of the present invention. As the
organic EL display of the present invention uses the organic
EL element of the present invention, it has excellent light-
emitting efficiency, emission luminance, and color purity of
green light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic cross sectional view describ-
ing an example of the layer structure in an organic EL
element according to the present invention.

[0021] FIG. 2 is a schematic view describing an example
of the structure of an organic EL display (passive matrix
panel) of a passive matrix method.

[0022] FIG. 3 is a schematic diagram describing an
example of the circuit in an organic EL display (passive

matrix panel) of the passive matrix method shown in FIG.
2.

[0023] FIG. 4 is a schematic view describing an example
of the structure of an organic EL display (active matrix
panel) of an active matrix method.

[0024] FIG. 5 is a schematic diagram describing an
example of the circuit in an organic EL display (active
matrix panel) of the active matrix method shown in FIG. 4.

[0025] FIG. 6 is a chart diagram describing an example of
the IR spectrum of synthesized 1,3,6,8-tetrakis [N-(1-meth-
ylphenyl)-N-phenylamino]pyrene.

[0026] FIG. 7 is a chart diagram describing an example of
the IR spectrum of synthesized 1,3,6,8-tetrakis|N-(1-naph-
thyl)-N-phenylamino ]pyrene.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] <1,3,6,8-tetrasubstituted Pyrene Compound>

[0028] The 1,3,6,8-tetrasubstituted pyrene compound of
the present invention is represented by the following for-
mula (1).

Formula (1)

[0029] In the formula (1), R* to R* may be the same or
different, and each represent a group of the following
formula (2).

Formula (2)
RS

RS

[0030] In the formula (2), R® and R° may be the same or
different, and each represent a hydrogen atom or a substitu-
ent group. R® and R® do not form a ring by bonding.

[0031] There is no particular limitation on the substituent
group. The substituent group can be selected according to
the purpose. Examples of the substitutent group include an
alkyl group, an aryl group, and the like. These may be
further subsituented by a substituent group. There is no
particular limitation on the substituent group which further
substitutes the above-mentioned substitutent group.
Examples of the substituent group can be selected from any
of those known in the art.

[0032] There is no particular limitation on the alkyl group.
The alkyl group can be selected according to the purpose.
Examples of the alkyl group include a linear, branched or
cyclic alkyl group having 1 to 10 carbon atoms. Specific
examples of the alkyl group include methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tertiary butyl, pentyl, isopentyl,
hexyl, isohexyl, heptyl, isoheptyl, octyl, isooctyl, nonyl,
isononyl, decyl, isodecyl, cyclopentyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl,
cyclodecyl and the like.

[0033] There is no particular limitation on the aryl group.
The aryl group can be selected according to the purpose.
Examples of the aryl group include a group having a
monocyclic aromatic ring, a group where four or less of
aromatic rings are bonded, and a group having five or less
of fused aromatic rings and containing a total of 50 or less
of carbon, oxygen, nitrogen and sulfur atoms.



US 2004/0053069 Al

[0034] There is no particular limitation on the monocyclic
aromatic ring. The group having a monocyclic aromatic ring
can be selected according to the purpose. Examples of the
group having a monocyclic aromatic ring include phenyl,
tolyl, xylyl, cumenyl, styryl, mesityl, cinnamyl, phenethyl,
benzhydryl, and the like. These may be substituted by
substituent groups.

[0035] There is no particular limitation on the group where
four or less of aromatic rings are bonded. The group where
four or less of aromatic rings are bonded can be selected
according to the purpose. Examples of the group where four
or less of aromatic rings are bonded include naphthyl,
anthryl, phenanthryl, indenyl, azulenyl, benzanthracenyl,
and the like. These may be substituted by substituent groups.

[0036] There is no particular limitation on the group
having five or less of fused aromatic rings and containing a
total of 50 or less of carbon, oxygen, nitrogen and sulfur
atoms. The above-mentioned group can be selected accord-
ing to the purpose. Examples of the above-mentioned group
include pyrrolyl, furyl, thienyl, pyridyl, quinolyl, iso-
quinolyl, imidazoyl, pyridinyl, pyrrolopyridinyl, thiazoyl,
pyrimidinyl, thiophenyl, indolyl, quinolinyl, pyrenyl, ade-
nyl, and the like. These may be substituted by substituent
groups.

[0037] 1t is preferred that R' to R* in the formula (1)
(represented by the formula (2)) are groups represented by
one of the following formula (3), formula (4) and formula

-

[0038] When R' to R* in the formula (1) (each of which is
represented by the formula (2)), are groups represented by
the formula (3), the 1,3,6,8-tetrasubstituted pyrene com-
pound is 1,3,6,8-tetrakis(N,N-diphenylamino) pyrene.
When R* to R are groups represented by the formula (4), the
1,3,6.,8-tetrasubstituted pyrene compound is 1,3,6,8-tetrakis
[N-(1-naphthyl)-N-phenylaminoJpyrene. When R" to R” are
groups represented by the formula (5), the 1,3,6,8-tetrasub-
stituted pyrene compound is 1,3,6,8-tetrakis [4,4'-bis(c,ot-
dimethylbenzyl) diphenylamino]pyrene.

Formula (3)
/] Y R
\
—N
/' \
— 7 @,

[0039] In the formula (3), R” and R® may be the same or
different, and each represent at least one hydrogen atom, at
least one alkyl group, or at least one aryl group. The alkyl
group and aryl group may be any of those mentioned above.
The letter “n” represents an integer of 1 or more.
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Formula (4)

(R,
/X"

—N ==\ ®"),
/N _/

(Rll)n/_

[0040] Inthe formula (4), R%, R™® and R™ may be the same
or different, and each represent at least one hydrogen atom,
at least one alkyl group, or at least one aryl group. The alkyl
group and aryl group may be any of those mentioned above.
The letter “n” represents an integer

Formula (5)

[0041] In the formula (5), R*?, R*3, R** and R*® may be
the same or different, and each represent at least one
hydrogen atom, at least one alkyl group, or at least one aryl
group. The alkyl group and aryl group may be any of those
mentioned above. The letter “n” represents an integer of 1 or
more.

[0042] There is no particular limitation on a process for
manufacturing the 1,3,6,8-tetrasubstituted pyrene compound
of the present invention. The process may be suitably
selected according to the purpose. An example of the process
is given below. First, a 1,3,6,8-tetrahalogenated pyrene is
synthesized by the reaction of pyrene and a halogen. The
halogenation reaction may be performed by adding a simple
halogen substance to the pyrene dissolved in a solvent, as
described in Annalen der Chemie, vol. 531, page 81.
Examples of the halogen include chlorine, bromine, iodine,
and the like. These halogens are advantageous in the reac-
tion of the next stage. Of these, chlorine and bromine are
preferred as the halogenation reaction is easier. Next, the
1,3,6,8-tetrasubstituted pyrene compound of the present
invention is obtained by heating the 1,3,6,8-tetrahalogenated
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pyrene and a secondary amine corresponding to the desired
compound, and reacting them in the presence of a catalyst
and a base. The catalyst may be copper or a copper com-
pound, such as copper powder, cuprous chloride and copper
sulfate, or a palladium compound, or the like, can be used.
The base is sodium carbonate, potassium carbonate, sodium
hydroxide, or a sodium alkoxide such as sodium-t-butoxide.

[0043] When 1,3,6,8-tetrakis[ N-(1-methylphenyl)-N-phe-
nylamino]pyrene is manufactured by the above general
technique, 1,3,6,8-tetrabromopyrene is first obtained by the
reaction of pyrene and bromine. Next, the 1,3,6,8-tetrabro-
mopyrene is subjected to diarylamination according to a
general process for synthesizing a triarylamine from an aryl
halide as described in Tetrahedron Letters, Vol.39, page
2367 (1998). 4 equivalents of 3-methyl diphenylamine, 4
equivalents of sodium-t-butoxide, 0.1 equivalents of palla-
dium acetate and 0.4 equivalents of tri(t-butyl) phosphine
are added, and are reacted with the 1,3,6,8-tetrabromopyrene
in o-xylene which serves as a solvent, at 130° C. for 3 hours.
The reaction liquid is washed several times with water after
cooling, the o-xylene is distilled off, the remaining oil is
washed with methanol, and the crude product is recrystal-
lized from THF-methanol. The desired 1,3,6,8-tetrakis
(N-(3-methylphenyl)-N-phenylamino)pyrene can then be
obtained by purifying the crude product by vacuum subli-
mation.

[0044] The 1,3,6,8-tetrasubstituted pyrene compound of
the present invention can be used in various fields, and is
especially suitable as a luminescent material in organic EL
elements. When the 1,3,6,8-tetrasubstituted pyrene com-
pound of the present invention is used as a luminescent
material in an organic EL element, green light emission is
obtained.

[0045]

[0046] The organic EL element of the present invention
contains an organic thin film layer interposed between a
positive electrode and a negative electrode. The organic thin
film layer contains the 1,3,6,8-tetrasubstituted pyrene com-
pound of the present invention. Namely, the organic EL
element of the present invention contains the 1,3,6,8-tetra-
substituted pyrene compound represented by the aforemen-
tioned formula (1), as a luminescent material.

[0047] As mentioned above, R' to R* in the formula (1)
(groups represented by the formula (2)) are preferably
represented by any one of the formula (3), the formula (4)
and the formula (5).

[0048] In the present invention, the 1,3,6,8-tetrasubsti-
tuted pyrene compound is contained in the organic thin film
layer as a luminescent material, and it may be contained in
the light-emitting layer of the organic thin film layer, or in
the light-emitting and electron transport layer, light-emitting
and positive hole transport layer, or the like. When the
1,3,6,8-tetrasubstituted pyrene compound is contained in the
light-emitting layer, this light-emitting layer may be formed
as a film which contains only the 1,3,6,8-tetrasubstituted
pyrene compound, or contains other materials in addition to
the 1,3,6,8-tetrasubstituted pyrene compound.

[0049] 1In the present invention, it is preferred that the
light-emitting layer in the organic thin film layer, light-
emitting and electron transport layer, light-emitting and
positive hole transport layer, and the like, comprises the

<Organic EL Element>
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1,3,6,8-tetrasubstituted pyrene compound of the present
invention as a guest material, and further comprises a host
material in addition to the guest material having an emission
wavelength near the optical absorption wavelength of the
guest material. The host material is preferably contained in
the luminescent layer, and may also be contained in the
positive hole transport layer, electron transport layer, or the
like.

[0050] In a case that the aforementioned guest material
and host material are used in combination, when organic EL
luminescence arises, the host material is excited first. As the
emission wavelength of the host material and the absorption
wavelength (330-500 nm) of the guest material (1,3,6,8-
tetrasubstituted pyrene compound) overlap, excitation
energy is efficiently transferred from the host material to the
guest material, the host material returns to the ground state
without emitting light, and only the guest material which is
in the excited state emits excitation energy as green light,
therefore, light-emitting efficiency, emission luminance and
color purity of green light are excellent.

[0051] In general, if only one kind of luminescent mol-
ecule is present or the molecules are contained at high
concentration in a thin film, the luminescent molecules are
so close to each other that they interact, and a so-called
“concentration quenching” effect occurs wherein the light-
emitting efficiency declines. However, when the guest mate-
rial and host material are used together, the 1,3,6,8-tetra-
substituted pyrene compound which is the guest compound
is dispersed at relatively low concentration in the host
compound. Therefore, this “concentration quenching” effect
is effectively suppressed and an excellent light-emitting
efficiency is obtained. The use of the two materials in
combination is therefore advantageous. Moreover, by using
the guest material together with the host material in the
light-emitting layer, as the host material generally has excel-
lent film-forming properties, the combination has excellent
film-forming properties while maintaining luminescent
properties.

[0052] There is no particular limitation on the host mate-
rial. The host material can be suitably selected according to
the purpose. The emission wavelength is preferably close to
the optical absorption wavelength of the guest material.
Examples of the host material include the aromatic amine
derivative represented by the following formula (6), the
carbazole derivative represented by the formula (8), the
oxine complex represented by the formula (10), 1,3,6,8-
tetraphenylpyrene compound represented by the formula
(21), 4,4-(2,2'-diphenylvinyl)-1,1'-biphenyl (DPVBIi) repre-
sented by the formula (14) (main emission wavelength=470
nm), p-sexiphenyl represented by the following formula (15)
(main emission wavelength=400 nm) and 9,9'-bianthryl rep-
resented by the formula (16) (main emission wavelength=
460 nm).

Formula (6)

R16
/

Ar N

\

Rr17

n

[0053] Inthe formula (6), “n” represents an integer of 2 or
3, Ar represents one of a divalent or trivalent aromatic group,
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and a divalent or trivalent heterocyclic aromatic group, R*¢
and R'7 may be the same or different and represent a
monovalent aromatic group or a heterocyclic aromatic
group. There is no particular limitation on this aromatic
group or heterocyclic aromatic group, and can be selected
according to the purpose.

[0054] Of the aromatic amine derivatives represented by
the formula (6), N,N'-dinaphthyl-N,N'-diphenyl-[1,1'-biphe-
nyl]-4,4'-diamine (NPD) which is represented by the fol-
lowing formula (7) (main emission wavelength=430 nm),
and derivatives thereof, are preferred.

Formula (7)
NPD
Formula (8)
[ RIS
o
Ar—T—N
/
N \ /
[0055] In the formula (8), Ar is a divalent or trivalent

group which contains an aromatic ring shown below, or a
divalent or trivalent group which contains a heterocyclic
aromatic ring:
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-continued
X
\ _/
7N N X
AR _ _
~

~

[0056] These may be substituted by a non-conjugated
group. R is a linking group represented by, for example, the
following formula:

CH, CF, o)
| I I
—Cc— —C— —s
| I Il
CH; CF; 6}

[0057] In the formula (8), R'™® and R'® each represent a
hydrogen atom, halogen atom, alkyl group, aralkyl group,
alkenyl group, aryl group, cyano group, amino group, acyl
group, alkoxycarbonyl group, carboxyl group, alkoxy group,
alkylsulfonyl group, hydroxyl group, amide group, aryloxy
group, aromatic hydrocarbon ring or aromatic heterocyclic
group. These may be further substituted by substituents.

[0058]
2 or 3.

[0059] Of the aromatic amine derivative represented by
the formula (8), a compound in which Ar is an aromatic
group where two benzene rings are connected in a single
bond, R'® and R*® are hydrogen atoms, and n=2, i.e., 4,4"-bis
(9-carbazolyl)-biphenyl (CBP) represented by the following
formula (9) (main emission wavelength=380 nm) and its
derivatives are preferred in terms of particularly excellent
light-emitting efficiency, emission luminance and color
purity.

In the formula (8), “n” is preferably the integer of
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;fpo

Formula (10)

[0060] wherein “M” represents a metal atom, and R*°
represents a hydrogen atom, halogen atom, alkyl
group, aralkyl group, alkenyl group, aryl group,
cyano group, amino group, acyl group, alkoxycar-
bonyl group, carboxyl group, alkoxy group, alkyl-
sulfonyl group, hydroxyl group, amide group, ary-
loxy group, aromatic hydrocarbon ring or aromatic
heterocyclic group. These may be further substituted
by substituents.

[0061] Of the oxine complexes represented by the formula
(10), the aluminium quinoline complex (Alq) represented by
the following formula (11) (main emission wavelength=530
nm) is preferred.

Formula (11)

Formula (21)

[0062] wherein R** to R*' each may be the same or
different, and each represent a hydrogen atom or substituent
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group. This substituent may for example be an alkyl group,
cycloalkyl group or aryl group, and these may be further
substituted by substituents.

[0063] In the 1,3,6,8-tetraphenylpyrenes represented by
the formula (21), when R* to R** are hydrogen atoms, i.e.,
the 1,3,6,8-tetraphenylpyrene represented by the following
formula (13) (main emission wavelength=440 nm) is pre-
ferred from the viewpoint of excellent light-emitting effi-
ciency, emission luminance and color purity.

Formula (13)

1,3,6,8-tetraphenylpyrene
Formula (14)

Formula (15)

p-sexiphenyl
Formula (16)

9,9'-bianthryl

[0064] The amount of this 1,3,6,8-tetrasubstituted pyrene
compound in a layer which contains the 1,3,6,8-tetrasubsti-
tuted pyrene compound represented by the formula (1), is
preferably 0.1% by mass to 50% by mass, and more pref-
erably 0.5% by mass to 20% by mass.

[0065] When the content is less than 0.1% by mass,
light-emitting efficiency, emission luminance and color
purity may not be sufficient. When it is more than 50% by
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mass, color purity may deteriorate. On the other hand, when
the amount is within the preferred range, light-emitting
efficiency, emission luminance and color purity are excel-
lent.

[0066] Provided that the light-emitting layer in the organic
EL element of the present invention may be injected with
positive holes from the aforementioned positive electrode, a
positive hole injection layer, the aforementioned positive
hole transport layer or the like, and electrons from the
aforementioned negative electrode, electron hole injection
layer, the aforementioned electron transport layer or the like
when an electric field is applied; provides a site for recom-
bination of positive holes and electrons; and has a function
to allow the luminescent 1,3,6,8-tetrasubstituted pyrene
compound (luminescent material, luminous molecule) to
emit green light using recombination energy generated by
the recombination, the light-emitting layer may contain a
luminescent material in addition to the 1,3,6,8-tetrasubsti-
tuted pyrene compound, as long as it does not interfere with
the green light emission.

[0067] The aforementioned light-emitting layer can be
formed according to any known methods. Examples of the
methods include the vapor deposition method, wet film
forming method, molecular beam epitaxy (MBE) method,
cluster ion beam method, molecule laminating method,
Langmuir-Brodgett (LB) method, printing method, transfer
method, and the like.

[0068] Of these, vapor deposition is preferred from the
viewpoint that an organic solvent is not used, and that there
is no problem of waste fluid treatment, and the light-emitting
layer can be manufactured at lower cost, with ease and
efficiency, accordingly. When formed as a single layer
structure, for example, formed as a positive hole transport
and light-emitting and electron transport layer, the wet film
forming method can also be preferred.

[0069] There is no particular limitation on the vapor
deposition method. The vapor deposition can be suitably
selected from known methods according to the purpose.
Examples of the vapor deposition method include vacuum
vapor deposition, resistance heating vapor deposition,
chemical vapor deposition, physical vapor deposition, and
the like. Examples of chemical vapor deposition include
plasma CVD, laser CVD, heat CVD, gas source CVD, and
the like. The light-emitting layer may be formed by, for
example, subjecting the 1,3,6,8-tetrasubstituted pyrene com-
pound to the vacuum vapor deposition. When containing the
host material and the 1,3,6,8-tetrasubstituted pyrene com-
pound, the light-emitting layer may be formed by simulta-
neously depositing the host material and the 1,3,6,8-tetra-
substituted pyrene compound by the vacuum vapor
deposition. The light-emitting layer is more easily formed
when not containing the host material, from the viewpoint
that there is not need of co-deposition.

[0070] There is no particular limitation on the aforemen-
tioned wet film forming method. The wet film forming
method can be suitably selected from known methods
according to the purpose. Examples of the wet film forming
method include the ink-jet method, spin coating method,
kneader coat method, bar coating method, blade coating
method, casting method, dip coating method, curtain coating
method, and the like.

[0071] In the aforementioned wet film forming method, a
solution, in which the material of the light-emitting layer is
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dissolved and dispersed with a resin component, may be
used (applied or the like). Examples of the resin component
include polyvinyl carbazole, polycarbonate, polyvinyl chlo-
ride, polystyrene, polymethyl methacrylate, polyester,
polysulfone, polyphenylene oxide, polybutadiene, a hydro-
carbon resin, a ketone resin, a phenoxy resin, polyamide,
ethyl cellulose, vinyl acetate, an acrylonitrile butadiene
styrene (ABS) resin, polyurethane, a melamine resin, an
unsaturated polyester resin, an alkyde resin, an epoxy resin,
a silicone resin, and the like.

[0072] When formed by the wet film forming method, the
light-emitting layer can be formed by, for example, coating
and drying a solution (coating solution) of the 1,3,6,8-
tetrasubstituted pyrene compound and, if needed, a resin
material dissolved in a solvent. When the light-emitting
layer also contains a host material in addition to the 1,3,6,
8-tetrasubstituted pyrene compound, the wet film forming
method can be performed by coating and drying a solution
(coating solution) of the 1,3,6,8-tetrasubstituted pyrene
compound, the host material and the resin if necessary,
dissolved in a solvent.

[0073] The thickness of the aforementioned light-emitting
layer is preferably 1 nm to 50 nm, and more preferably 3 nm
to 20 nm.

[0074] If the thickness of the light-emitting layer is 1 nm
to 50 nm, light-emitting efficiency, emission luminance and
color purity of the light emitted by the organic EL element
are sufficient. If the thickness is 3 nm to 20 nm, these effects
are more remarkable.

[0075] The organic EL element of the present invention
comprises an organic thin film layer which contains a
light-emitting layer interposed between an positive electrode
and a negative electrode. The organic EL element of the
present invention may include other layers such as a pro-
tective layer or the like, according to the purpose.

[0076] The organic thin film layer comprises the afore-
mentioned light-emitting layer, and may also comprise a
positive hole injection layer, a positive hole transport layer,
a positive hole blocking layer or an electron transport layer,
if necessary.

[0077] Positive Electrode

[0078] There is no particular limitation on the positive
electrode. The positive electrode can be suitably chosen
according to the purpose. Specifically, when the organic thin
film layer comprises only the light-emitting layer, it is
preferred to supply positive holes (carrier) to the light-
emitting layer. When the organic thin film layer comprises a
positive hole transport layer in addition to the light-emitting
layer, it is preferred to supply positive holes (carrier) to the
positive hole transport layer. When the organic thin film
layer further comprises a positive hole injection layer, it is
preferred to supply positive holes (carrier) to the positive
hole injection layer.

[0079] There is no particular limitation on the material of
the positive electrode. The material can be suitably selected
according to the purpose. Examples of the material include
metals, alloys, metal oxide, electrically conducting com-
pounds, mixtures thereof, and the like. Of these, materials
having a work function of 4 eV or more are preferred.
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[0080] Specific examples of the material of the positive
electrode include electrically conducting metal oxides such
as tin oxide, zinc oxide, indium oxide, indium tin oxide
(ITO) or the like; metals such as gold, silver, chromium,
nickel, or the like; mixtures or laminates of these metals and
electrically conducting metal oxides; inorganic electrically
conducting substances such as copper iodide and copper
sulfide, organic electrically conducting materials such as
polyaniline, polythiophene and polypyrrole, and laminates
of these with ITO, and the like. These may be used singly,
or in combination of two or more. Of these, the electrically
conducting metal oxides are preferred, and ITO is particu-
larly preferred from the viewpoints of productivity, high
conductivity and transparency.

[0081] There is no particular limitation on the thickness of
the positive electrode. The thickness can be selected accord-
ing to the material or the like. The thickness is preferably 1
nm to 5,000 nm, and more preferably 20 nm to 200 nm.

[0082] The positive electrode is typically formed on a
substrate such as glass, soda lime glass, non-alkali glass, a
transparent resin, or the like.

[0083] When using the above-mentioned glass as the
substrate, non-alkali glass or soda lime glass with a barrier
layer of silica or the like, are preferred from the viewpoint
that they lessen transport of ions from the glass.

[0084] There is no particular limitation on the thickness of
the substrate as long as it is sufficient to maintain mechanical
strength. When using glass as the substrate, however, it is
typically 0.2 mm or more, and preferably 0.7 mm or more.

[0085] The positive electrode can be conveniently formed
by known methods such as vapor deposition method, wet
film forming method, electron beam method, sputtering
method, reactive sputtering method, Molecular beam epit-
axy (MBE) method, cluster ion beam method, ion plating
method, plasma polymerization method (high frequency
excitation ion plating method), molecule laminating method,
Langmuir-brodgett (LB) method, printing method, transfer
method and the method of applying a dispersion of ITO by
a chemical reaction method (sol gel process, or the like).

[0086] By washing the positive electrode and performing
other treatment, the driving voltage of the organic EL
element can be reduced, and the light-emitting efficiency can
also be increased. When the material of the positive elec-
trode is ITO, examples of the other treatment include UV
ozonization and plasma processing, and the like.

[0087] Negative Electrode

[0088] There is no particular limitation on the negative
electrode. The negative electrode can be suitably selected
according to the purpose. It is preferred that the anode
supplies positive holes (carriers) to the organic thin film
layer, specifically, to a light-emitting layer when the organic
thin film layer comprises only the light-emitting layer or
when the organic thin film layer comprises an electron
transport layer in addition to the light-emitting layer, it is
preferred to supply electrons to this electron transport layer.
When an electron hole injection layer is interposed between
the organic thin film layer and the negative electrode, it is
preferred to supply electrons to the electron hole injection
layer.
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[0089] There is no particular limitation on the material of
the negative electrode. The material can be suitably selected
according to adhesion properties with the layers or mol-
ecules adjoining this negative electrode, such as the electron
transport layer and light-emitting layer, and according to
ionization potential, and stability. Examples of the material
include metals, alloys, metal oxides, electrically conducting
compounds, mixtures thereof, and the like.

[0090] Examples of the material of the negative electrode
include alkali metals (for example, Li, Na, K, Cs), alkaline
earth metals (e.g., Mg, Ca), gold, silver, lead, aluminum,
sodium-potassium alloys or mixtures thereof, lithium-alu-
minium alloys or mixtures thereof, magnesium-silver alloys
or mixtures thereof, rare earth metals such as indium and
ytterbium, and alloys thereof.

[0091] These may be used singly, or in combination of two
or more. Of these, materials having a work function of 4 eV
or less are preferred. Aluminum, lithium-aluminium alloys
or mixtures thereof, or magnesium-silver alloys or mixtures
thereof, are more preferred.

[0092] There is no particular limitation on the thickness of
the negative electrode. The thickness can be chosen accord-
ing to the material of the negative electrode. The thickness
is preferably 1 nm to 10,000 nm, and more preferably 20 nm
to 200 nm.

[0093] The negative electrode can be conveniently formed
by known methods such as the vapor deposition method, wet
film forming method, electron beam method, sputtering
method, reactive sputtering method, Molecular beam epit-
axy (MBE) method, cluster ion beam method, ion plating
method, plasma polymerization method (high frequency
excitation ion plating method), molecule laminating method,
Langmuir-brodgett (LLB) method, printing method, transfer
method, or the like.

[0094] When two or more of these are used together as the
material of the negative electrode, two or more materials
may be vapor-deposited simultaneously to form an alloy
electrode, or a pre-prepared alloy may be made to vapor-
deposit so as to form an alloy electrode.

[0095] The resistances of the positive electrode and nega-
tive electrode are preferably low, and it is preferred that they
are not more than several hundred ohms per square.

[0096] Positive Hole Injection Layer

[0097] There is no particular restriction on the positive
hole injection layer. The positive hole injection layer can be
chosen according to the purpose. It is preferred that it has the
function of, for example, injecting positive holes from the
positive electrode when an electric field is applied.

[0098] There is no particular limitation on the material of
the positive hole injection layer which can be conveniently
chosen according to the purpose, for example, a starburst
amine (4, 4', 4"-tris[3-methylphenyl(phenyl) amino] triph-
enylamine:m-MTDATA) represented by the following for-
mula, copper phthalocyanine or polyaniline.
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[0099] There is no particular limitation on the thickness of
the positive hole injection layer which can be chosen accord-
ing to the purpose. The thickness is preferably 1 nm to 100
nm, and more preferably 5 nm to 50 nm.

[0100] The positive hole injection layer can be conve-
niently formed by known the methods such as the vapor
deposition method, wet film forming method, electron beam
method, sputtering method, reactive sputtering method,
Molecular beam epitaxy (MBE) method, cluster ion beam
method, ion plating method, plasma polymerization method
(high frequency excitation ion plating method), molecule
laminating method, Langmuir-brodgett (LB) method, print-
ing method, transfer method, or the like.

[0101] Positive Hole Transport Layer

[0102] There is no particular limitation on the positive
hole transport layer. The positive hole transport layer can be
chosen according to the purpose. Examples of the positive
hole transport layer include a layer having the function to
convey positive holes from the positive electrode when an
electric field is applied, is preferred.

[0103] There is no particular limitation on the material of
the positive hole transport layer. The material can conve-
niently be chosen according to the purpose. Examples of the
material include aromatic amine compounds, carbazole,
imidazole, triazole, oxazole, oxadiazole, polyarylalkane,
pyrrazoline, pyrrazolone, phenylene diamine, arylamine,
amino-substituted chalcone, styryl anthracene, fluorenone,
hydrazone, stilbene, silazane, styryl amine, aromatic dim-
ethylidene compounds, porphyrine compounds, electrically
conducting oligomers and polymers such as polisilane com-
pounds, poly(N-vinyl carbazole), aniline copolymers,
thiophene oligomers and polymers, polythiophene and car-
bon film. If the materials of the positive hole transport layers
is mixed with the materials of the light-emitting layer to
form a film, a positive hole transport and light-emitting layer
can be formed.

[0104] These may be used singly, or two or more may be
used in combination. Of these, aromatic amine compounds
are preferred. Specific examples of the aromatic amine
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compounds include TPD (N,N'-diphenyl-N,N'(-bis (3-meth-
ylphenyl)-[1,1'-biphenyl]-4,4'-diamine) represented by the
following formula, and NPD (N,N'-dinaphthyl-N,N'-diphe-
nyl{1,1'-biphenyl]-4,4'-diamine) represented by the follow-
ing formula, are more preferred.

CH;

TPD

A0
O o0

NPD

ove
5

[0105] There is no particular limitation on the thickness of
the positive hole transport layer. The thickness of the posi-
tive hole transport layer may be chosen according to the
purpose. The thickness is typically in the range of 1 nm to
500 nm, and more preferably 10 nm to 100 nm.

[0106] The positive hole transport layer can be suitably
formed by known methods such as the vapor deposition
method, wet film forming method, electron beam method,
sputtering method, reactive sputtering method, Molecular
beam epitaxy (MBE) method, cluster ion beam method, ion
plating method, plasma polymerization method (high fre-
quency excitation ion plating method), molecule laminating
method, Langmuir-brodgett (L.B) method, printing method,
transfer method, or the like.

[0107] Positive Hole Blocking Layer

[0108] There is no particular limitation on the positive
hole blocking layer. The positive hole blocking layer may be
chosen according to the purpose. The positive hole blocking
layer preferably has the function of a barrier to positive holes
injected from the positive electrode.

[0109] There is no particular limitation on the material of
the positive hole blocking layer. The material can be suitably
chosen according to the purpose.

[0110] If the aforementioned organic EL element com-
prises a positive hole blocking layer, positive holes con-
veyed from the positive electrode side are blocked by this
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positive hole blocking layer, and electrons conveyed from
the negative electrode are transmitted through this positive
hole blocking layer to reach the aforementioned light-
emitting layer. Hence, recombination of electrons and posi-
tive holes occurs efficiently in this light-emitting layer, and
recombination of positive holes and electrons in organic thin
film layers other than this light-emitting layer can be pre-
vented. Thus, the luminescence from the 1,3,6,8-tetrasub-
stituted pyrene compound which is the target luminescent
material is obtained efficiently. This is advantageous in
respect of color purity.

[0111] The positive hole blocking layer is preferably dis-
posed between the light-emitting layer and the electron
transport layer.

[0112] There is no particular limitation on the thickness of
the positive hole blocking layer. The thickness can be
suitably chosen according to the purpose. The thickness is
typically about 1 nm to 500 nm, and more preferably 10 nm
to 50 nm.

[0113] The positive hole blocking layer may be a single
layer structure, or may be a laminated structure.

[0114] The positive hole blocking layer can be conve-
niently formed by known methods such as the vapor depo-
sition method, wet film forming method, electron beam
method, sputtering method, reactive sputtering method,
Molecular beam epitaxy (MBE) method, cluster ion beam
method, ion plating method, plasma polymerization method
(high frequency excitation ion plating method), molecule
laminating method, Langmuir-brodgett (LB) method, print-
ing method, transfer method, or the like.

[0115] Electron Transport Layer

[0116] There is no particular limitation on the electron
transport layer. The electron transport layer can be suitably
be chosen according to the purpose. Examples of the elec-
tron transport layer include a layer having one of the
function to convey electrons from the negative electrode,
and the function to act as a barrier to positive holes injected
from the positive electrode, is preferred.

[0117] There is no particular limitation on materials of the
electron transport layer. The materials can be selected
according to the purpose. Examples of the materials include
a quinoline derivative such as the aforementioned aluminum
quinoline complex (Alq) or the like, an oxadiazole deriva-
tive, a triazole derivative, a phenanthroline derivative, a
perylene derivative, a pyridine derivative, a pyrimidine
derivative, a quinoxaline derivative, a diphenylquinone
derivative, a nitro-substituted fluorene derivative, and the
like. If an electron transport layer material is mixed with the
light-emitting layer material to form a film, an electron
transport and light-emitting layer can be formed. If a posi-
tive hole transport layer material is additionally mixed to
form a film, an electron transport and positive hole transport
and light-emitting layer can be formed. In this case, a
polymer such as polyvinyl carbazole or polycarbonate can
be used.
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Formula (12)

H;C CH,
BCP

[0118] There is no particular limitation on the thickness of
the electron transport layer. The thickness can be suitably
chosen according to the purpose. The thickness is typically
about 1 nm to 500 nm, and preferably 10 nm to 50 nm.

[0119] The electron transport layer may be a single layer
structure, or may be a laminated layer structure.

[0120] 1In this case, it is preferred that an electron transport
material used for the electron tranport layer adjacent to the
light-emitting layer has an optical absorption edge at a
shorter wavelength than that of the 1,3,6,8-tetrasubstituted
pyrene compound so that it limits the luminescence region
in the organic EL element to the light-emitting layer and
prevents unwanted luminescence from the electron transport
layer. Examples of the electron transport materials having an
optical absorption edge at a shorter wavelength than that of
the 1,3,6,8-tetrasubstituted pyrene compound, include
phenanthroline derivatives, oxadiazole derivatives and tria-
zole derivatives. The compounds shown below are prefer-
able examples.

Formula (12)

2-(4-tert-butylphenyl)-5-(4-biphenylyl)-1,3,4-oxadiazole
N—N
O/( N)\Q

3-phenyl-4-(1-naphthyl)-5-phenyl-1,2,4-triazole
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-continued
N—N
7\

N

Y

3-(4-tert-butylphenyl)-4-phenyl-5-(4'-biphenylyl)-1,2,4-triazole

[0121] The electron transport layer can be conveniently
formed by known methods such as the vapor deposition
method, wet film forming method, electron beam method,
sputtering method, reactive sputtering method, Molecular
beam epitaxy (MBE) method, cluster ion beam method, ion
plating method, plasma polymerization method (high fre-
quency excitation ion plating method), molecule laminating
method, Langmuir-brodgett (LB) method, printing method,
transfer method, or the like.

[0122] Other Layers

[0123] The organic EL element of the present invention
may have other layers. The other layers can be suitably
chosen according to the purpose. Examples of the other
layers include a protective layer, and the like.

[0124] There is no particular limitation on the aforemen-
tioned protective layer. The protective layer may be suitably
chosen according to the purpose. Examples of the protective
layers include a layer which can prevent molecules or
substances that promote deterioration of the organic EL
element, such as moisture and oxygen, from penetrating the
organic EL element, is preferred.

[0125] Examples of the material of the aforementioned
protective layer include metals such as In, Sn, Pb, Au, Cu,
Ag, Al, Ti, and Ni, metal oxides such as MgO, SiO and SiO,,
AL, 05, GeO, NiO, Ca0O, BaO, Fe,0;, Y,0, and TiO,,
nitrides such as SiN and SiN,O,, metal fluorides such as
MgkF.,, LiF, AlF,, CaF,, polyethylene, polypropylene, poly-
methyl methacrylate, polyimide, polyurea, polytetrafluoro-
ethylene, polychlorotrifluoroethylene, polydichlorodifluoro-
ethylene, a copolymer of chlorotrifluoroethylene and
dichlorodifluoroethylene, a copolymer obtained by copoly-
merizing a monomer mixture comprising tetrafluoroethylene
and at least one comonomer, a fluorine-containing copoly-
mer having a ring structure in a main chain of the copolymer,
a water-absorbing substance having a water absorption rate
of 1% or more, and a dampproof substance having a water
absorption rate of 0.1% or less.

[0126] The protective layer can be suitably formed by
known methods such as the vapor deposition method, wet
film forming method, sputtering method, reactive sputtering
method, Molecular beam epitaxy (MBE) method, cluster ion
beam method, ion plating method, plasma polymerization
method (high frequency excitation ion plating method),
printing method and transfer method.

[0127] There is no particular limitation on the structure of
the organic EL element of the present invention. The struc-
ture may be selected according to the purpose. Examples of
the structures include the following (1) to (13):

11
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[0128] (1) Positive electrode/positive hole injection
layer/positive hole transport layer/light-emitting layer/
electron transport layer/electron hole injection layer/
negative electrode,

[0129] (2) Positive electrode/positive hole injection
layer/positive hole transport layer/light-emitting layer/
electron transport layer/negative electrode,

[0130] (3) Positive electrode/positive hole transport
layer/light-emitting layer/electron transport layer/elec-
tron hole injection layer/negative electrode,

[0131] (4) Positive electrode/positive hole transport
layer/light-emitting layer/electron transport layer/nega-
tive electrode,

[0132] (5) Positive electrode/positive hole injection
layer/positive hole transport layer/light-emitting and
electron transport layer/electron hole injection layer/
negative electrode

[0133] (6) Positive electrode/positive hole injection
layer/positive hole transport layer/light-emitting and
electron transport layer/negative electrode,

[0134] (7) Positive electrode/positive hole transport
layer/light-emitting and electron transport layer/elec-
tron hole injection layer/negative electrode,

[0135] (8) Positive electrode/positive hole transport
layer/light-emitting and electron transport layer/nega-
tive electrode,

[0136] (9) Positive electrode/positive hole injection
layer/positive hole transport and light-emitting layer/
electron transport layer/electron hole injection layer/
negative electrode

[0137] (10) Positive electrode/positive hole injection
layer/positive hole transport and light-emitting layer/
electron transport layer/negative electrode,

[0138] (11) Positive electrode/positive hole transport
and light-emitting layer/electron transport layer/elec-
tron hole injection layer/negative electrode,

[0139] (12) Positive electrode/positive hole transport
and light-emitting layer/electron transport layer/nega-
tive electrode,

[0140] (13) Positive electrode/positive hole transport
and light-emitting and electron transport layer/negative
electrode, and the like.

[0141] When the organic EL element has a positive hole
blocking layer, layer configurations in which the positive
hole blocking layer is interposed between the light-emitting
layer and electron transport layer in the configuration (1) to
(13) presented above may also be suitable.

[0142] Of these layer structures, the aspect (4), positive
electrode/positive hole transport layer/light-emitting layer/
electron transport layer/negative electrode, is shown in FIG.
1. An organic EL element 10 has a layer structure compris-
ing an positive electrode 14 (for example, ITO electrode)
formed on a glass substrate 12, a positive hole transport
layer 16, a light-emitting layer 18, an electron transport layer
20, and a negative electrode 22 (for example, an Al—Li
electrode), each of which is disposed in this order. The
positive electrode 14 (for example, an ITO electrode) and
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the negative electrode 22 (for example, an Al—L.i electrode)
are interconnected through the power supply. An organic
thin film layer 24 which emits green light is formed by the
positive hole transport layer 16, light-emitting layer 18 and
electron transport layer 20.

[0143] The luminescence peak wavelength of the organic
EL element of the present invention is preferably 490 nm to
540 nm.

[0144] From the viewpoint of light-emitting efficiency of
the organic EL e¢lement of the present invention, it is
preferred that it emits green light at a voltage of 10V or less,
more preferred that it emits green light at a voltage of 7V or
less, and still more preferred that it emits green light at a
voltage of 5V or less.

[0145] TItis preferred that, at an applied voltage of 10V, the
emission luminance of the organic EL element of the present
invention is 100 cd/m* or more, more preferred that it is 500
cd/m? or more, and still more preferred that it is 1,000 cd/m?
or more.

[0146] The organic EL element of the present invention is
especially useful in various fields such as computers,
vehicle-mounted display devices, field-ready display
devices, home apparatuses, industrial apparatuses, house-
hold electric appliances, traffic display devices, clock dis-
play devices, calendar display units, luminescent screens
and audio equipment, and is particularly suitable for the
organic EL display of the present invention, as described
below.

[0147] <Organic EL Display>

[0148] There is no particular limitation on the organic EL
display of the present invention. The organic EL display of
the present invention can be chosen from known structure,
except that it uses the organic EL element of the present
invention.

[0149] The organic EL display may be a green mono-
chrome, a multi-color, or a full color type.

[0150] The organic EL display may be made a full color
type as disclosed in Monthly Display (published by Techno
Times Co., Ltd. of Japan), September 2000, pages 33-37,
i.e., (a) the three color light emitting method where three
types of organic EL elements which, respectively, emit light
corresponding to the three primary colors (blue (B), green
(G), red (R)) are disposed on a substrate; (b) the white
method where white light from an organic EL element for
white light emission is divided into the three primary colors
via color filters; (c¢) and the color conversion method
wherein blue light emitted by an organic EL element which
emits blue light is converted into red (R) and green (G) via
a fluorescent pigment layer. In the present invention, as the
organic EL element of the invention emits green light, the
three color light emitting method and color conversion
method can be used, the three color light emitting method
being particularly suitable.

[0151] To manufacture an organic EL display of the full
color type by the three color light emitting method, an
organic EL element for red light emission and an organic EL
element for blue light emission are required in addition to
the organic EL element of the present invention for green
light emission.

Mar. 18, 2004

[0152] There is no particular limitation on the organic EL
element for red light emission. The organic EL element for
red light emission can be selected from among known in the
art. A typical laminar construction is ITO (positive elec-
trode)/NPD/DCJTB 1% aluminium quinoline complex
(Alq) as shown below/Alg/Al—Li (negative electrode).
DCIJTB is 4-dicyanomethylene-6-cp-julolidinostyryl-2-tert-
butyl-4H-pyran. Alq is as shown previously.

DCITB
4-dicyanomethylene-6-cp-julolidinostyryl-2-tert-butyl-4H-pyran

[0153] There is no particular limitation on the organic EL
element used for blue light emission. The organic EL
element can be selected from among known in the art.
Examples of a suitable laminar structure include ITO (posi-
tive electrode)/NPD/DPVBIi/Alq/Al—Li (negative elec-
trode).

[0154] There is no particular limitation on embodiments of
the organic EL display. The embodiments can be chosen
according to the purpose. Suitable examples of the embodi-
ments include the passive matrix panel and active matrix
panel disclosed in Nikkei Electronics (published by NIkkei
Business Publications Inc. of Japan), No. 765, Mar. 13,
2000, pages 55-62.

[0155] The aforementioned passive matrix panel for
example has belt-like positive electrodes 14 (for example,
ITO electrodes) arranged parallel to each other on a glass
substrate 12 as shown in FIG. 2. On the anodes 14, belt-like
organic thin film layers 24 for green light emission, organic
thin film layers 26 for blue light emission and organic thin
film layers 28 for red light emission are arranged sequen-
tially in parallel and substantially perpendicular to the
positive electrodes 14. Each of the organic thin film layers
has negative electrodes 22 of the same shape thereon.

[0156] In the aforementioned passive matrix panel, posi-
tive electrode lines 30 comprising plural positive electrodes
14, and negative electrode lines 32 comprising plural nega-
tive electrodes 22, for example intersect substantially at
right angles to form a circuit, as shown in FIG. 3. Each of
the organic thin film layers 24, 26, and 28 for green light
emission, blue light emission and red light emission situated
at each intersection point functions as a pixel, there being
plural organic EL elements 34 corresponding to each pixel.
In this passive matrix panel, when a current is applied by a
constant current supply 36 to one of the positive electrodes
14 in the positive electrode lines 30, and one of the negative
electrodes 22 in the negative electrode lines 32, a current
will be applied to the organic EL thin film layer situated at
the intersection, and the organic EL thin film layer at this
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position will emit light. By controlling the light emission of
each pixel unit, a full color picture can easily be formed.

[0157] In the active matrix panel, for example, scanning
lines, data lines and current supply lines are arranged in a
grid pattern on a glass substrate 12, as shown in FIG. 4. A
TFT circuit 40 connected to the scanning lines and the like
forming the grid pattern is disposed in each grid, and an
positive electrode 14 (for example, an ITO electrode) dis-
posed in each grid can be driven by the TFT circuit 40. On
the anodes 14, a belt-like organic thin film layer 24 for green
light emission, organic thin film layer 26 for blue light
emission and organic thin film layer 28 for red light emis-
sion, are arranged sequentially and in parallel to each other.
A negative electrode 22 is also arranged so as to cover each
of the organic thin film layer 24 for green light emission,
organic thin film layer 26 for blue light emission and organic
thin film layer 28 for red light emission. The organic thin
film layer 24 for green light emission, organic thin film layer
26 for blue light emission and organic thin film layer 28 for
red light emission respectively comprise a positive hole
transport layer 16, light-emitting layer 18 and electron
transport layer 20.

[0158] In the aforementioned active matrix panel, as
shown in FIG. 5, plural scanning lines 46 are arranged in
parallel to each other, intersecting in substantially right
angles with plural data lines 42 and current supply lines 44,
which are parallel to each other, to form grids, and a
switching TFT 48 and driver TFT 50 are connected to each
grid to form a circuit. If a current is applied from a driver
circuit 38, the switching TFT 48 and driver TFT 50 can be
driven for each grid. In each grid, the organic thin film
elements 24, 26, and 28 for blue light emission, green light
emission and red light emission function as a pixel. In this
active matrix panel, if a current is applied from the drive
circuit 38 to one of the scanning lines 46 arranged in the
horizontal direction, and the data line 42 arranged in the
vertical direction, the switching TFT 48 situated at the
intersection is driven, the driver TET 50 is driven as a result,
and an organic EL element 52 at this position emits light by
a current from the current supply line 44. By controlling the
light emission of this pixel unit, a full color picture can
easily be formed.

[0159] The organic EL display of the present invention
may be conveniently used in fields of various kinds such as
computers, vehicle-mounted display devices, field-ready
display devices, home apparatuses, industrial apparatuses,
household electric appliances, traffic display devices, clock
display devices, calendar display units, luminescent screens
and audio equipment.

[0160] Hereinafter, specific examples of the present inven-
tion will be described, but it should be understood that the
present invention is not limited to these examples.

EXAMPLE 1

[0161] Synthesis of 1,3,6,8-tetrakis(N-(3-methylphenyl)-
N-phenylamino)pyrene

[0162] 1,3,6,8-tetrabromopyrene was synthesized by the
reaction of pyrene and bromine based on the method stated
in Annalen der Chemie, Vol. 531, p.81. 1,3,6,8-tetrabro-
mopyrene was then diarylaminated. The diarylanimation
was performed according to a general method of triary-
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lamine synthesis from an aryl halide, which is stated in
Tetrahedron Letters, Vol.39, p. 2367 (1998). Specifically, 4
equivalents of 3-methyldiphenylamine, 4 equivalents of
sodium-t-butoxide, 0.1% equivalents of palladium acetate
and 0.4% equivalents of tri(t-butyl)phosphine were reacted
with 1,3,6,8-tetrabromopyrene using o-xylene as a solvent at
130° C. for 3 hours. After the reaction was complete, the
product was cooled, the solution used for the reaction was
washed several times with water, and the o-xylene was
distilled off. The remaining oily matter was washed with
methanol, and a crude reaction product was obtained by
recrystallizing the oily matter with THF-methanol. By puri-
fying the crude reaction product by vacuum sublimation,
1,3,6,8-tetrakis(N-(3-methylphenyl)-N-phenylamino)py-
rene was obtained. 1,3,6,8-tetrakis(N-(3-methylphenyl)-N-
phenylamino)pyrene is a compound where, in the formula
(1), R* to R* are the groups represented by the following
formula:

CH;

[0163] The result of the mass spectrum analysis, elemental
analysis and IR analysis of the thus synthesized 1,3,6,8-
tetrakis (N-(3-methylphenyl)-N-phenylamino)pyrene, are
shown below.

[0164] <Mass Spectrum>

[0165] Using the formula C,gHs,N, and atomic weights of
12 for carbon, 1 for hydrogen, and 14 for nitrogen, the
calculated molecular weight was 926.

[0166] Molecular weight peaks in the mass spectrum were
at 926 and 927.

[0167] <Elemental Analysis>

[0168] Using the formula C,,Hs,N,;

[0169] Calculated value: C, 88.09%; H, 5.87%; N, 6.04%
[0170] Experimental value: C, 88.40%; H, 5.94%; N,
6.12%

[0171] <IR Analysis>

[0172] The IR spectrum of the synthesized 1,3,6,8-tetrak-

is(N-(3-methylphenyl)-N-phenylamino)pyrene taken by the
KBr pellet method is shown in FIG. 6.
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EXAMPLE 2

[0173] Synthesis of 1,3,6,8-tetrakis [N-(1-naphthyl)-N-
phenylaminoJpyrene

[0174] 1,3,6,8-tetrakis(N-(1-naphthyl)-N-phenylami-

no)pyrene was synthesized as in Example 1, except that
3-methyldiphenylamine was replaced by (1-naphthyl)-N-
phenylamine. 1,3,6,8-tetrakis[ N-(1-naphthyl)-N-pheny-
laminoJpyrene is a compound, where, in the formula (1), R*
to R* are the groups represented by the following formula:

[0175] The mass spectrum analysis, the elemental analysis
and the IR analysis of the thus synthesized 1,3,6,8-tetrakis
[N-(1-naphthyl)-N-phenylamino Jpyrene, are shown below.

[0176]

<Mass Spectrum>

[0177] Using the formula CgoHs,N, and atomic weights of
12 for carbon, 1 for hydrogen, and 14 for nitrogen, the
calculated molecular weight was 1070.

[0178] Molecular weight peaks in the mass spectrum were
at 1070 and 1071.

[0179] <Elemental Analysis>

[0180] Using the formula Cg Hs,N,;

[0181] Calculated value: C, 89.69%; H, 5.08%; N, 5.23%
[0182] Experimental value: C, 90.09%; H, 5.28%; N,
5.07%

[0183] <IR Analysis>

[0184] The IR spectrum of the synthesized 1,3,6,8-tetrakis
[N-(1-naphthyl)-N-phenylamino]pyrene by the KBr pellet
method is shown in FIG. 7.

EXAMPLE 3

[0185] Synthesis of 1,3,6,8-tetrakis [4,4'-bis{(a,a-dimeth-
ylbenzyl)diphenylamino] pyrene

[0186] 1,3,6,8-tetrakis [4,4'-bis(a,a-dimethylbenzyl)
diphenylamino Jpyrene was synthesized as in Example 1,
except that 3-methyldiphenylamine was replaced by 4.,4'-
bis(a,a-dimethylbenzyl)diphenylamine. 1,3,6,8-tetrakis[4,
4'-bis (a,a-dimethylbenzyl)diphenylamino ]pyrene is a com-
pound where, in the formula (1), R' to R* are the groups
represented by the following formula:
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) O

Q CH

CH,

EXAMPLE 4

[0187] Manufacture of Organic EL Element

[0188] A laminated type organic EL element using the
1,3,6,8-tetrakis [N-(3-methylphenyl)-N-phenylamino]
pyrene synthesized in Example 1 as the luminescent material
of the light-emitting layer, was manufactured as follows. A
glass substrate on which an ITO electrode was formed as a
positive electrode, was subjected to ultrasonic cleaning in
water, acetone and isopropyl alcohol, and then was given
UV ozonization. Thereafter, N,N'-dinaphthyl-N,N'-diphe-
nyl{1,1'-biphenyl]-4,4'-diamine (NPD) was coated to a
thickness of 50 nm as a positive hole transport layer on the
ITO electrode using a vacuum vapor deposition device
(degree of vacuum=1x107° Torr (1.3x107* Pa), temperature
of the substrate=room temperature). Next, a light-emitting
layer of 1,3,6,8-tetrakis(N-(3-methylphenyl)-N-phenylami-
no)pyrene was coated by deposition on the positive hole
transport layer of N,N'-dinaphthyl-N,N'-diphenyl-{1,1'-bi-
phenyl]4,4'-diamine (NPD) to a thickness of 20 nm, and
2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP) was
coated by deposition as a first electron transport layer on the
light-emitting layer to a thickness of 10 nm. Thereafter,
aluminium quinoline complex (Alq) was coated by deposi-
tion as a second electron transport layer on the first electron
transport layer to a thickness of 20 nm, and Al—Li alloy
(content of Li=0.5% by mass) was provided by vapor-
deposition as a negative electrode on the second electron
transport layer of aluminium quinoline complex (Alq) to a
thickness of 50 nm. In this way, the organic EL element was
manufactured.

[0189] When a voltage was applied to the ITO electrode
(positive electrode) and Al—Li alloy (negative electrode) in
the thus manufactured organic EL element, in this organic
EL element, a green light emission was observed at a voltage
of 5V or higher, and a high color purity green light emission
with a emission luminance of 1,920 cd/m?® was observed at
an applied voltage of 10V.

EXAMPLE 5
[0190] Manufacture of Organic EL Element

[0191] An organic EL element was manufactured as in
Example 4, except that the light-emitting layer was formed
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by simultaneous vapor deposition of 1,3,6,8-tetrakis(N-(3-
methylphenyl)-N-phenylamino)pyrene and N,N'-dinaph-
thyl-N,N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine (NPD), so
that there were 99 molecules of NPD (99 moles) to each
molecule (one mole) of 1,3,6,8-tetrakis(N-(3-methylphe-
nyl)-N-phenylamino)pyrene.

[0192] When a voltage was applied to the ITO electrode
(positive electrode) and Al—Li alloy (negative electrode) in
the manufactured organic EL element, in this organic EL
element, a green light emission was observed at a voltage of
5V or higher, and a high color purity green light emission
with a emission luminance of 2,850 ¢d/m® was observed at
an applied voltage of 10V.

EXAMPLE 6
[0193] Manufacture of Organic EL Element

[0194] An organic EL element was manufactured as in
Example 5, except that N,N'-dinaphthyl-N,N'-diphenyl-[1,
1'-biphenyl]-4,4'-diamine (NPD) was replaced by 4,4'-bis
(9-carbazolyl)-biphenyl (CBP) as a material for the light-
emitting layer.

[0195] When a voltage was applied to the ITO electrode
(positive electrode) and Al—Li alloy (negative electrode) in
the manufactured organic EL element, in this organic EL
element, a green light emission was observed at a voltage of
5V or higher, and a high color purity green light emission
with a emission luminance of 2,600 ¢d/m® was observed at
an applied voltage of 10V.

Example 7
[0196] Manufacture of Organic EL Element

[0197] An organic EL element was manufactured as in
Example 4, except that 1,3,6,8-tetrakis(N-(3-methylphenyl)-
N-phenylamino)pyrene synthesized in Example 1 was
replaced by 1,3,6,8-tetrakis [N-(1-naphthyl)-N-pheny-
lamino]Jpyrene synthesized in Example 2.

[0198] When a voltage was applied to the ITO electrode
(positive electrode) and Al—Li alloy (negative electrode) in
the manufactured organic EL element, in this organic EL
element, a green light emission was observed at a voltage of
5V or higher, and a high color purity green light emission
with a emission luminance of 2,010 cd/m* was observed at
an applied voltage of 10V.

EXAMPLE 8
[0199] Manufacture of Organic EL Element

[0200] An organic EL element was manufactured as in
Example 5, except that 1,3,6,8-tetrakis [N-(3-methylphe-
nyl)-N-phenylamino Jpyrene synthesized in Example 1, was
replaced by  1,3,6,8-tetrakis|N-(1-naphthyl)-N-pheny-
lamino]Jpyrene synthesized in Example 2.

[0201] When a voltage was applied to the ITO electrode
(positive electrode) and Al—Li alloy (negative electrode) in
the manufactured organic EL element, in this organic EL
element, a green light emission was observed at a voltage of
5V or higher, and a high color purity green light emission
with a emission luminance of 2,900 cd/m* was observed at
an applied voltage of 10V.
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EXAMPLE 9
[0202] Manufacture of Organic EL Element

[0203] An organic EL element was manufactured as in
Example 7, except that a positive hole transport and light-
emitting layer (thickness: 50 nm) was formed using the
1,3,6,8-tetrakis(N-(1-naphthyl)-N-phenylamino)pyrene
instead of forming the positive hole transport layer and the
light-emitting layer and that the thickness of the first and
second electron transport layers were increased by 10 nm
each to 20 nm and 30 nm, respectively.

[0204] When a voltage was applied to the ITO electrode
(positive electrode) and Al—Li alloy (negative electrode) in
the manufactured organic EL element, in this organic EL.
element, a green light emission was observed at a voltage of
5V or higher, and a high color purity green light emission
with a emission luminance of 1,800 cd/m* was observed at
an applied voltage of 10V.

EXAMPLE 10
[0205] Manufacture of Organic EL Element

[0206] An organic EL element was manufactured as in
Example 5, except that 1,3,6,8-tetrakis (N-(3-methylphe-
nyl)-N-phenylamino)pyrene synthesized in Example 1 was
replaced by 1,3,6,8-tetrakis[4,4'-bis(a,a-dimethyl benzyl-
Ydiphenylamino Jpyrene synthesized in Example 3.

[0207] When a voltage was applied to the ITO electrode
(positive electrode) and Al—Li alloy (negative electrode) in
the manufactured organic EL element, in this organic EL.
element, a green light emission was observed at a voltage of
5V or higher, and a high color purity green light emission
with a emission luminance of 3,000 cd/m* was observed at
an applied voltage of 10V.

EXAMPLE 11
[0208] Manufacture of Organic EL Element

[0209] An organic EL element was manufactured as in
Example 5, except that N,N'-dinaphthyl-N,N'-diphenyl-[1,
1'-biphenyl]-4,4'-diamine (NPD) was replaced by alu-
minium quinoline complex (Alq) as the material of the
light-emitting layer, and the first electron transport layer of
BCP was omitted.

[0210] When a voltage was applied to the ITO electrode
(positive electrode) and Al—Li alloy (negative electrode) in
the manufactured organic EL element, in this organic EL.
element, a green light emission was observed at a voltage of
5V or higher, and a high color purity green light emission
with a emission luminance of 2,620 cd/m? was observed at
an applied voltage of 10V.

[0211] The present invention resolves the problems in the
related art, and provides a 1,3,6,8-tetrasubstituted pyrene
compound as a material of a green light emission in an
organic EL element, an organic EL element having excellent
light-emitting efficiency, emission luminance and color
purity of green light, and a high performance organic EL
display using the organic EL element.



US 2004/0053069 Al
16

What is claimed is:
1. An organic EL element comprising:

an organic thin film layer between a positive electrode and
a negative electrode, the organic thin film layer con-
taining a 1,3,6,8-tetrasubstituted pyrene compound rep-
resented by the following formula (1) as a luminescent
material:

Formula (1)

wherein R' to R* may be the same or different, and
represent a group represented by the following formula

2):

Formula (2)

wherein R> and R® may be the same or different, and
represent a hydrogen atom or a substituent group.

2. An organic EL element according to claim 1, wherein
R' to R* are groups represented by the following formula
(3), and the 1,3,6,8-tetrasubstituted pyrene compound is
1,3,6,8-tetrakis (N,N'-diphenylamino) pyrene:

Formula (3)
/ Yy B
\
—N
7\
_\(Rg)n

wherein R” and R® may be the same or different, and each
represent at least one hydrogen atom, at least one alkyl
group, or at least one aryl group; and the letter “n”
represents an integer of 1 or more.

3. An organic EL element according to claim 1, wherein
R' to R* are groups represented by the following formula
(4), and the 1,3,6,8-tetrasubstituted pyrene compound is
1,3,6,8-tetrakis [N-(1-naphthyl)-N-pheny! amino Jpyrene:
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Formula (4)

®),
7/ X"
—N, ==\ ®"),
/ \_/
(Rll)n/_

wherein R®, R1% and R may be the same or different and
each represent at least one hydrogen atom, at least one
alkyl group, or at least one aryl group; and the letter “n”
represents an integer of 1 or more.

4. An organic EL element according to claim 1, wherein
R* to R* are groups represented by the following formula
(5), and the 1,3,6,8-tetrasubstituted pyrene compound is
1,3,6,8-tetrakis [4,4'-bis(a,c-dimethylbenzyl)dipheny-
lamino Jpyrene:

Formula (5)

wherein R*2, R*?, R** and R* may be the same or
different, and each represent at least one hydrogen
atom, at least one alkyl group, or at least one aryl
group; and the letter “n” represents an integer of 1 or
more.

5. An organic EL element according to claim 1, wherein
the organic thin film layer comprises a light-emitting and
electron transport layer containing the 1,3,6,8-tetrasubsti-
tuted pyrene compound as a luminescent material.

6. An organic EL element according to claim 1, wherein
the organic thin film layer comprises a light-emitting layer
between a positive hole transport layer and an electron
transport layer, the light-emitting layer containing the 1,3,
6,8-tetrasubstituted pyrene compound as a luminescent
material.

7. An organic EL element according to claim 6, wherein
the light-emitting layer consists of the 1,3,6,8-tetrasubsti-
tuted pyrene compound represented by the formula (1).

8. An organic EL element according to claim 6, wherein
the light-emitting layer comprises an aromatic amine deriva-
tive represented by the following formula (6):
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Formula (6)
R16
/
Ar N
\ 17
R

wherein “n” is 2 or 3, “Ar” represents a group selected
from the group consisting of divalent aromatic group,
trivalent aromatic group, divalent heterocylic aromatic
group, and trivalent heterocyclic aromatic group, and
R and R'7 may be the same or different representing
one of a monovalent aromatic group and a heterocyclic
aromatic group.

9. An organic EL element according to claim 8, wherein
the aromatic amine derivative is selected from N,N'-dinaph-
thyl-N,N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine (NPD) rep-
resented by the following formula (7) and a derivative
thereof:

Formula (7)

.

10. An organic EL element according to claim 6, wherein
the light-emitting layer comprises a carbazole derivative
represented by the following formula (8):

NPD

Formula (8)

Ar——N

wherein “Ar” represents a group selected from the group
of a divalent group having an aromatic ring, a trivalent
group having an aromatic group, a divalent group
having a heterocyclic aromatic ring, and a trivalent
group having a heterocyclic ring; R'® and R* each
indepently represent a hydrogen atom, a halogen atom,
a substituted or unsubstituted alkyl group, a substituted
or unsubstituted aralkyl group, a substituted or unsub-
stituted alkenyl group, a substituted or unsubstituted
aryl group, a substituted or unsubstituted cyano group,
a substituted or unsubstituted amino group, a substi-

17
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tuted or unsubstituted acyl group, a substituted or
unsubstituted alkoxy carbonyl group, a substituted or
unsubstituted carboxyl group, a substituted or unsub-
stituted alkoxy group, a substituted or unsubstituted
alkyl sulfonyl group, a substituted or unsubstituted
hydroxyl group, a substituted or unsubstituted amide
group, a substituted or unsubstituted aryloxy group, a
substituted or unsubstituted aromatic hydrocarbon ring,
or a substituted or unsubstituted aromatic heterocyclic
group; and “n” is an integer of 2 or 3.

11. An organic EL element according to claim 10, wherein
the carbazole derivative is selected from 4,4'-bis(9-carba-
zolyl)-biphenyl (CBP) represented by the following formula
(9) and a derivative thereof:

Formula (9)
zNH W, :
CBP

12. An organic EL element according to claim 6, wherein
the light-emitting layer comprises an oxine complex repre-
sented by the following formula (10):

Formula (10)

3

wherein “M” represents a metal atom, and R*° represents
a hydrogen atom, halogen atom, alkyl group, aralkyl
group, alkenyl group, aryl group, cyano group, amino
group, acyl group, alkoxycarbonyl group, carboxyl
group, alkoxy group, alkylsulfonyl group, hydroxyl
group, amide group, aryloxy group, aromatic hydro-
carbon ring or aromatic heterocyclic group. These may
be further substituted by substituents.
13. An organic EL element according to claim 12, wherein
the oxine complex is aluminium quinoline complex (Alq)
represented by the following formula (11):

Formula (11)

3
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14. An organic EL element according claim 6, wherein the
electron transport layer comprises 2,9-dimethyl4,7-diphe-
nyl-1,10-phenanthroline (BCP) represented by the following
formula (12) as an electron transport material:

Formula (12)

o,C CH,
BCP

15. An organic EL element according to claim 1, wherein
the organic EL element emits green light.
16. A 1,3,6,8-tetrasubstituted pyrene compound repre-
sented by the following formula (1):
Formula (1)

wherein R' to R* may be the same or different, and
represent a group represented by the following formula
@:
Formula (2)
RS
/

—N

RS

wherein R® and R® may be the same or different, and

represent a hydrogen atom or a substituent group.

17. An 1,3,6,8-tetrasubstituted pyrene compound accord-
ing to claim 16, wherein R* to R* are groups represented by
the following formula (3), and the 1,3,6,8-tetrasubstituted
pyrene compound is 1,3,6,8-tetrakis (N,N-diphenylami-
no)pyrene:

Formula (3)
/ \((R7)n
—N
/' \
_\(Rg)n

wherein R” and R® may be the same or different, and each
represent at least one hydrogen atom, at least one alkyl
group, or at least one aryl group; and the letter “n”
represents an integer of 1 or more.

18. An 1,3,6,8-tetrasubstituted pyrene compound accord-
ing to claim 16, wherein R! to R* are groups represented by
the following formula (4), and the 1,3,6,8-tetrasubstituted
pyrene compound is 1,3,6,8-tetrakis [N-(1-naphthyl)-N-phe-
nylamino]pyrene:
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Formula (4)

(R,
/X"

—N ==\ ®"),
/N _/

(Rll)n/_

wherein R®, R'° and R may be the same or different, and
each represent at least one hydrogen atom, at least one
alkyl group, or at least one aryl group; and the letter “n”
represents an integer of 1 or more.

19. An 1,3,6,8-tetrasubstituted pyrene compound accord-
ing to claim 16, wherein R* to R* are groups represented by
the following formula (5), and the 1,3,6,8-tetrasubstituted
pyrene compound is 1,3,6,8-tetrakis [4,4'-bis (o,c.-dimeth-
ylbenzyl)diphenylamino]pyrene:

Formula (5)

wherein R*2, R*®, R'* and R?® may be the same or
different, and each represent at least one hydrogen
atom, at least one alkyl group, or at least one aryl
group; and the letter “n” represents an integer of 1 or
more.

20. An 1,3,6,8-tetrasubstituted pyrene compound accord-
ing to claim 16, used as a luminescent material in an organic
EL element.

21. An organic EL display, comprising an organic EL
element wherein the organic EL element comprises:

an organic thin film layer between a positive electrode and
a negative electrode, the organic thin film layer com-
prising a 1,3,6,8-tetrasubstituted pyrene compound rep-
resented by the following formula (1) as a luminescent
material:
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Formula (1) Formula (2)
RS
—N

R6

wherein R® and R® may be the same or different, and
represent a hydrogen atom or a substituent group.

22. An organic EL display according to claim 21, wherein

the organic display is one of a passive matrix panel and an

wherein R! to R? may be the same or different, and active matrix panel.
represent a group represented by the following formula

2):
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