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Description

FIELD OF THE INVENTION

[0001] This invention relates to an organic electroluminescent (hereinafter referred to also as EL) element, and a
display, and particularly to an organic electroluminescent element excellent in the luminance of emitted light and a display
comprising the organic electroluminescent element.

BACKGROUND OF THE INVENTION

[0002] As an emission type electronic displaying device, there is an electroluminescence device (ELD). As materials
constituting the ELD, there is an inorganic electroluminescent element or an organic electroluminescent element. The
inorganic electroluminescent element has been used for a plane-shaped light source, but a high voltage alternating
current has been required to drive the element. An organic electroluminescent element has a structure in which a light
emission layer containing a light emission compound is arranged between a cathode and an anode, and an electron
and a positive hole were injected into the light emission layer and recombined to form an exciton. The element emits
light, utilizing light (fluorescent light or phosphorescent light) generated by deactivation of the exciton, and the element
can emit light by applying a relatively low voltage of from several to several decade volts. Further, the element has a
wide viewing angle and a high visuality since the element is of self light emission type, and the element is a complete
solid element, and the element is noted from the viewpoint of space saving and portability.
[0003] However, in the organic EL element for practical use, an organic EL element is required which efficiently emits
light with high luminance at a lower power.
[0004] In Patent No. 3093796, there is disclosed an element with long lifetime emitting light with high luminance in
which stilbene derivatives, distyrylarylene derivatives or tristyrylarylene derivatives are doped with a slight amount of a
fluorescent compound.
[0005] An element is known which comprises an organic light emission layer containing an 8-hydroxyquinoline alu-
minum complex as a host compound doped with a slight amount of a fluorescent compound (Japanese Patent O.P.I.
Publication No. 63-264692), and an element is known which comprises an organic light emission layer containing an 8-
hydroxyquinoline aluminum complex as a host compound doped with a quinacridone type dye (Japanese Patent O.P.I.
Publication No. 3-255190).
[0006] When light emitted through excited singlet state is used, the upper limit of the external quantum efficiency (ηext)
is considered to be at most 5%, as the generation ratio of singlet excited species to triplet excited species is 1:3, that
is, the generation probability of excited species capable of emitting light is 25%, and further, external light emission
efficiency is 20%. Since an organic EL element, employing phosphorescence through the excited triplet, was reported
by Prinston University (M. A. Baldo et al., Nature, 403, 17, p. 151-154 (1998)), study on materials emitting phosphores-
cence at room temperature has been actively made. As the upper limit of the internal quantum efficiency of the excited
triplet is 100%, the light emission efficiency of the exited triplet is theoretically four times that of the excited singlet.
Accordingly, light emission employing the excited triplet exhibits the same performance as a cold cathode tube, and can
be applied to illumination.
[0007] It is necessary that when a phosphorescent material is used as a dopant, the maximum wavelength of light
which a host compound emits, be in the region shorter than the maximum wavelength of light which the phosphorescent
material emits, but in addition, there exist other requisitions to be satisfied.
[0008] Several proposals with respect to the phosphorescent material were made in "The 10th International Workshop
On Inorganic and Organic Electroluminescence (EL ’00, Hamamatsu). For example, Ikai et al. use, a hole transporting
compound as a dopant of a phosphorescent material, M. E. Tompson et al. use, as a host compound of a phosphorescent
material, various kinds of electron transporting compounds, which are doped with a new iridium complex, and Tsutsui
et al. obtain high light emission efficiency due to introduction of a hole blocking layer.
[0009] The host compounds of phosphorescent compounds are disclosed in for example, C. Adachi et al., "Appl. Phys.
Lett., 77, pp. 904 (2000)", but an approach from a new aspect with respect to characteristics required in the host
compounds is necessary to obtain an organic electroluminescent element emitting light with high luminance.
[0010] EP 1013740 discloses an organic electroluminescent element comprising an organic luminescence layer with
fluorescent materials having a nitrogen atom number to carbon atom number ratio in the molecule smaller than 0.03.
[0011] US 2002/0045061 discloses an organic electroluminescent element comprising an organic luminescence layer
with a fluorescent host and a phosphorescent iridium dopant. The fluorescent compound having a nitrogen atom number
to carbon atom number ratio of more than 0.03.
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SUMMARY OF THE INVENTION

[0012] The present invention has been made in order to improve emission luminance. An object of the present invention
is to provide an organic electroluminescent element emitting light with high emission luminance, and a display employing
the organic electroluminescent element which emits light with high emission luminance at reduced power consumption.

BRIEF EXPLANATION OF THE DRAWING

[0013]

Fig. 1 is a schematic drawing of a displaying section of a full color display employing an active matrix system.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The object of the invention has been attained by the following constitutions:

1. An organic electroluminescent element comprising a light emission layer containing a fluorescent compound and
a phosphorescent compound, the fluorescent compound having a nitrogen atom number to carbon atom number
ratio in the molecule (N/C) of from more than 0 to not more than 0.03, wherein the phosphorescent compound
comprises an iridium complex, wherein the maximum emission wavelength of light emitted according to electrolu-
minescence of the element is longer than the maximum fluorescence wavelength of the fluorescent compound, the
maximum fluorescence wavelength of the fluorescent compound is a wavelength giving the maximum fluorescent
intensity in the fluorescent spectra of a 100 nm thick layer of the fluorescent compound deposited on a glass plate.
2. The organic electroluminescent element of item 1, wherein the maximum fluorescence wavelength of the fluo-
rescent compound is in the range of from 350 to 440 nm.
3. The organic electroluminescent element of item 1 or 2, wherein the molecular weight of the fluorescent compound
is not less than 600.
4. The organic electroluminescent element of item 1, wherein a hole transporting layer containing at least one
fluorescent compound or an electron transporting layer containing at least one fluorescent compound is provided
adjacent to the light emission layer, the maximum fluorescence wavelength of the fluorescent compound in the hole
transporting layer or the electron transporting layer being in the range of from 350 to 440 nm.
5. The organic electroluminescent element of any of items 1 to 4, wherein the maximum fluorescence wavelength
of the fluorescent compound is in the range of from 390 to 410 nm.
6. The organic electroluminescent element of item 5, wherein the maximum fluorescence wavelength of the fluo-
rescent compound contained in the light emission layer and in the hole transporting layer or the electron transporting
layer is in the range of from 390 to 410 nm.
7. The organic electroluminescent element of any of items 1 to 6, wherein the organic electroluminescent element
further comprises a cathode, and at least one cathode buffer layer is provided between the light emission layer and
the cathode.
8. The organic electroluminescent element of item 1, wherein the element further comprises a further fluorescent
compound having a maximum fluorescence wavelength in the region longer than a maximum phosphorescence
wavelength of the phosphorescent compound.
9. A display comprising the organic electroluminescent element of any one of items 1 to 8.
10. A full colour display comprising two of the organic electroluminescent element of items 1 to 8, wherein the two
elements are arranged on the same substrate, and emit light having a maximum emission wavelength different from
each other.

[0015] The fluorescent compound used in the organic electroluminescent element of the invention may include com-
pounds of formulae (I) to (IV) below:
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wherein R1 and R2 independently represent a substituent; Ar represents an aromatic hydrocarbon ring or an aromatic
heterocyclic ring, provided that each ring may have a substituent; and n is an integer of from 0 to 3.

wherein R6, R7 and R8 independently represent a substitution selected from an alkyl group, a cycloalkyl group, an aryl
group, a halogen atom, an alkoxy group, an aryloxy group and a heterocyclic group; and n4, n5 and n6 independently
represent an integer of from 0 to 7.



EP 1 267 428 B1

5

5

10

15

20

25

30

35

40

45

50

55

wherein R11 to R16, and X1 to X9 independently represent a hydrogen atom or a substituent, and may be the same or
different, provided that the following expression is satisfied: 

wherein EsR11, EsR12, EsR13, EsR14, EsR15 and EsR16 represent the steric parameter of R11, R12, R13, R14, R15 and
R16, respectively.

wherein R101 to R128 independently represent a hydrogen atom or a substituent, provided that at least one of R101 to
R104 represents a substituent.
[0016] The present invention will be detailed below.
[0017] The present inventors have made an extensive study on a fluorescent compound used as a host compound
of a phosphorescent compound, and have found that there exists some relationship between the luminance of emitted
light of an electroluminescent element and a nitrogen atom number to carbon atom number ratio (N/C) in a molecule of
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the host compound contained in the electroluminescent element. As a result, it has been proved that a host compound
having a relatively low N/C increases the emitted light luminance. It is considered that the emitted light luminance is
restricted by some action of the nitrogen atom which is contained in the molecule of a host compound having a relatively
high N/C. Accordingly, in order to increase emitted light luminance of an organic electroluminescent element employing
a phosphorescent compound as a dopant, it is effective to reduce an N/C of the phosphorescent compound.
[0018] In the invention, the fluorescent compound is a compound in which light is emitted through light excited singlet
state in which two electron spins are in reversely parallel with each other, and the phosphorescent compound is a
compound in which light is emitted through light excited triplet state in which two electron spins are in parallel with each
other. Herein, the phosphorescent compound in the invention is considered to form exited triplet state at room temperature
(from 15 to 30° C) through energy transfer from the exited singlet state or excited triplet state of the fluorescent compound
described above. Phosphorescent compounds have been considered to be capable of emitting phosphoresce only at
a low temperature such as 77° K. However, since in recent years, compounds capable of emitting phosphoresce at room
temperature have been found, many compounds, mainly heavy metal-containing complexes such as iridium complexes,
have been synthesized and studied (see for example, S. Lamansky et al, J. Am. Chem. Soc., 123, pp. 4304, 2001).
[0019] In the invention, the maximum fluorescence wavelength of the fluorescent compound as a host compound is
a wavelength giving the maximum fluorescent intensity in the fluorescent spectra of a 100 nm thick layer of the fluorescent
compound deposited on a glass plate.
[0020] In the invention, it has been confirmed that the organic electroluminescent element comprising a light emission
layer containing a phosphorescent compound and a fluorescent compound having a nitrogen atom number/carbon atom
number ratio (N/C) in the molecule of from more than 0 to not more than 0.03 emits light with high luminance. Accordingly,
in the invention, the fluorescent compound as a host compound, which is used in combination with a phosphorescent
compound, is a compound having in its molecule an N/C of from more than 0 to not more than 0.03. Although the reason
is not completely elucidated, as described above, it is considered that luminance of emitted light is restricted by some
action of the nitrogen atom which is contained in the molecule of a host compound having a relatively high N/C.
[0021] Although the reason is not completely elucidated, it is considered that in order to obtain relatively long lifetime
of emitted light, the use of a host compound having a nitrogen atom is preferable but the use of a host compound having
an N/C not less than a certain value restricts the lifetime due to some action of the nitrogen atom.
[0022] In the invention, the phosphorescent maximum wavelength of the phosphorescent compound as a dopant
contained in the light emission layer is longer than the maximum fluorescence wavelength of the fluorescent compound
as a host compound, whereby an organic electroluminescence (EL) element can be obtained which employs light
emission due to excited triplet of the phosphorescent compound as a dopant. Accordingly, the organic electroluminescent
element of the invention emits light with an electroluminescent maximum wavelength longer than the maximum fluores-
cence wavelength of the fluorescent compound (a wavelength giving the maximum fluorescent intensity which is deter-
mined from the fluorescent spectra of a layer of the fluorescent compound which is deposited on a glass plate to give
a thickness of 100 nm).
[0023] In the invention, the maximum fluorescence wavelength of the fluorescent compound used as a host compound
is in the range of preferably from 350 to 440 nm, and more preferably from 390 to 410 nm.
[0024] A lower organic compound is poor in thermal stability due to its low molecular weight, and may not emit light
with sufficiently high luminance. In the invention, the molecular weight of the fluorescent compound as a host compound
of the phosphorescent compound is preferably not less than 600 in view of thermal stability.
[0025] In the invention, the phosphorescent quantum yield of the phosphorescent compound at 25° C in its solution
is preferably not less than 0.001, more preferably not less than 0.01, and most preferably not less than 0.1.
[0026] Neat, the measurement means and theory of the quantum yield φp of excited triplet state will be explained.
[0027] Energy transition from excited singlet state to the ground state is made at a rate constant of nonradiative
transition ksn and at a rate constant kf of fluorescent radiation kf, whereby exited energy is lost. In addition to this, energy
transition from excited singlet state to the excited triplet state is made at a rate constant Kisc. Herein, lifetime of the
excited singlet state τs is defined by the following formula: 

[0028] Fluorescent quantum yield φf is represented by the following formula: 
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[0029] Energy transition from excited triplet state to the ground state is made at a rate constant of nonradiative transition
ktn and at a rate constant of phosphorescent radiation kp, whereby exited energy is lost. Herein, lifetime of the excited
triplet state τt is defined by the following formula: 

[0030] τt is in the range of ordinarily 10-6 to 10-3 seconds, but may be up to several seconds.
[0031] Employing quantum yield of excited triplet state generation φST, phosphorescent quantum yield φp is represented
as follows: 

[0032] The parameters described above can be measured according to a method described in the fourth edition,
Jikken Kagaku Koza 7, Bunko II, p. 398 (1992) (published by Maruzen).
[0033] In the invention, the steric parameter Es of the substituent is a substitution constant defined by Taft and described
in, for example, "Relation between Structure and Activity of Medicine" extra issue No. 122, Konando. In the invention,
Es value is a value based on a hydrogen atom, namely the value of Es(H=0), and calculated by subtracting 1.24 from
the value of Es(CH3) based on a methyl group. Typical examples of the value are shown in Table 1.

[0034] The light emission layer will be detailed below.
[0035] The light emission layer herein refers to a layer emitting light when electric current is supplied to an electrode
comprised of a cathode and an anode. Typically, the light emission layer is a fluorescent compound-containing layer
emitting light when electric current is supplied to an electrode comprised of a cathode and an anode. The organic
electroluminescent element (EL element) basically has a structure in which a light emission layer is put between a pair
of electrodes. The organic EL element of the invention has a structure in which in addition to the light emission layer, a
hole transporting layer, an electron transporting layer, an anode buffer layer or a cathode buffer layer is optionally
provided between a cathode and an anode.
[0036] In concrete, the following structures are included.

Table 1

Substituent Es value

H 0

CH3 -1.24

C2H5 -1.31

i-C3H7 -1.71

t-C4H9 -2.78

F -0.46

Cl -0.97

Br -1.16

CF3 -2.40

CCl3 -3.30

OCH3 -0.55

OH -0.55

SH -1.07

CN -0.51



EP 1 267 428 B1

8

5

10

15

20

25

30

35

40

45

50

55

(i) Anode/Light emission layer/Cathode
(ii) Anode/Hole transporting layer/Light emission layer/Cathode
(iii) Anode/Light emission layer/Electron transporting layer/Cathode
(iv) Anode/Hole transporting layer/Light emission layer/Electron transporting layer/Cathode
(v) Anode/Anode buffer layer/Hole transporting layer/Light emission layer/Electron transporting layer/Cathode buffer
layer/Cathode

[0037] As a method of forming a light emission layer employing the compounds mentioned above, there is a known
method for forming a thin film such as a deposition method, a spin-coat method, a casting method and an LB method.
The light emission layer is preferably a molecular deposit layer. The molecular deposit layer herein refers to a layer
formed by deposition of the above compounds in a gaseous state, or to a layer formed by solidification of the compounds
in a melted state or a liquefied state. The molecular deposit layer is distinguished from a thin layer (molecular cumulation
layer) formed by an LB method by a structural difference, for example, an aggregated structure or a higher order structure,
or a functional difference resulting from the structural difference.
[0038] Moreover, the light emission layer can be formed by the method such as that described in Japanese Patent
O.P.I. Publication No. 57-51781, by which the above compound as a light emission material is dissolved in a solvent
together with a binder such as a resin, and the thus obtained solution is formed into a thin layer by a method such as a
spin-coat method. Thickness of the emission layer thus formed is not specially restricted. Although the thickness of the
layer thus formed is optionally selected, the thickness is preferably within the range of from 5 nm to 5 Pm.
[0039] The phosphorescent compound used in the invention comprises an iridium complex.
[0040] The phosphorescent compound suitably has a phosphorescent quantum yield in the solution at 25° C of pref-
erably not less than 0.001 at 25° C, as described above, and has a maximum phosphorescence wavelength longer than
a maximum fluorescence wavelength of a fluorescent compound as a host compound. Employing the phosphorescent
compound emitting a phosphorescent light with a maximum phosphorescence wavelength longer than a maximum
fluorescence wavelength of the fluorescent compound as a host compound, that is, employing phosphorescence emitted
by the phosphorescent compound or a triplet state, an EL element can be obtained which emits electroluminescence
light having wavelengths longer than a maximum fluorescence wavelength of the fluorescent compound. The maximum
phosphorescence wavelength of the phosphorescent compound used is not specifically limited, but the wavelength of
emitted light can be theoretically varied selecting a center metal, a ligand or a substituent of the ligand contained in the
phosphorescent compound.
[0041] For example, employing a fluorescent compound having a maximum fluorescent wavelength in the range of
from 350 to 440 nm as a host compound, and an iridium complex compound having a phosphorescent light in a green
region, an EL element can be obtained which emits electroluminescence light in the green region.
[0042] Examples of the phosphorescent compound used in the invention will be listed below, but are not limited thereto.
[0043] These compounds can be synthesized according to a method described in for example, Inorg. Chem. 40,
1704-1711.
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[0044] As another embodiment of the invention, there is an organic electroluminescent element comprising, in addition
to a fluorescent compound (A) as a host compound and a phosphorescent compound, a fluorescent compound (B)
having a phosphorescent maximum wavelength in the wavelength region longer than the maximum wavelength of light
emitted by the phosphorescent compound. In this case, the electroluminescence of the EL element is emitted from the
fluorescent compound (B) to which energy is transferred from the fluorescent compound (A) and the phosphorescent
compound. The fluorescent compound (B) preferably has a high quantum yield in the form of solution. Herein, the
quantum yield is preferably not less than 10%, and more preferably not less than 30%. Examples of the fluorescent
compound (B) include a qumarine dye, a cyanine dye, a chloconium dye, a squalenium dye, an oxobenzanthracene
dye, a fluorescene dye, a rhodamine dye, a pyrylium dye, a perylene dye, a stilbene dye, a polythiophene dye, and a
fluorescent compound of a rare earth element complex type.
[0045] The fluorescent quantum yield herein can be measured according to a method described in the fourth edition,
Jikken Kagaku Koza 7, Bunko II, p. 362 (1992) (published by Maruzen). In the invention, tetrahydrofuran is employed
as a solvent for measurement.
[0046] In the invention, a fluorescent compound, having a nitrogen atom number-to-carbon atom number ratio (N/C)
in the molecule of from more than 0 to not more than 0.03 is used as a host compound in combination with a phospho-
rescent compound. This can provide an organic EL element having a high luminance and a long emission lifetime, but
from another viewpoint, it is useful in the invention to employ the compounds represented by formulae (I) to (IV) above
as a host compound which is used in combination with the phosphorescent compound.
[0047] The compounds represented by formulae (I) through (IV) in the invention will be explained below.
[0048] In formula (I), n is an integer of from 0 to 3, and R1 and R2 independently represent a substituent. The substituent
is preferably an alkyl group such as a methyl group, an ethyl group, an i-propyl group, a hydroxyethyl group, a meth-
oxymethyl group, a trifluoromethyl group and a t-butyl group, a halogen atom such as a fluorine atom and a chlorine
atom, or an alkoxy group such as a methoxy group, an ethoxy group, an i-propoxy group and a butoxy group. Ar represents
an aromatic hydrocarbon ring or an aromatic heterocyclic ring, provided that each may have a substituent, and preferably
represents a naphthyl group, a binaphthyl group, a quinolyl group, an iso-quinolyl group, a benzoxazolyl group and a
benzimidazolyl group, when n are an integer of 2 or more, plural R1s and R2s each may be the same or different.
[0049] In Formula (II), n4, n5 and n6 independently represent an integer of from 0 to 7. R6, R7 and R8 independently
represent a substituent selected from an alkyl group, a cycloalkyl group, an aryl group, a halogen atom, an alkoxy group,
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an aryloxy group and a heterocyclic group; and a methyl group and a naphthyl group are particularly preferred.
[0050] When n4, n5 and n6 each are an integer of 2 or more, plural R6s, R7s, and R8s each may be the same or different.
[0051] In Formula (III), R11 through R16, and X1 through X9 independently represent a hydrogen atom or a substituent,
and may be the same or different, provided that the sum of EsR11 through EsR16, which represent the steric parameter
of R11 through R16, respectively, satisfies the following expression: 

[0052] The adjacent substituents may be condensed with each other to form a ring structure. The substituents repre-
sented by R11 through R16 are preferably a methyl group, an ethyl group, an isopropyl group, a t-butyl group or a
trifluoromethyl group. The substituents represented by X1 through X9 are preferably an alkyl group, an aryl group, a
heterocyclic group, a halogen atom, an alkoxy group and an amino group. X2, X5 and X8 each are preferably an aryl
group or an amino group, and especially preferably a diarylamino group.
[0053] In formula (IV), R101 through R128 independently represent a hydrogen atom or a substituent, provided that at
least one of R101 through R104 represents a substituent. When R101 through R128 represent a substituent, the substituent
is preferably an alkyl group (for example, a methyl group, an ethyl group, an i-propyl group, a hydroxyethyl group, a
methoxymethyl group, a trifluoromethyl group, a perfluoropropyl group, a perfluoro-n-butyl group, a perfluoro-t-butyl
group, or a t-butyl group); a cycloalkyl group (for example, a cyclopentyl group and a cyclohexyl group); an aralkyl group
(for example, a benzyl group and a 2-phenetyl group); an aryl group (for example, as a phenyl group, a naphthyl group,
a p-tolyl group and a p-chlorophenyl group); an alkoxy group (for example, a methoxy group, an ethoxy group, an i-
propoxy group and a butoxy group); an aryloxy group (for example, a phenoxy group) or an arylamino group (for example,
a diphenylamino group). The foregoing groups further may have a substituent, examples of which include a hydrogen
atom, a halogen atom, a trifluoromethyl group, an alkyl group, an aryl group, an alkoxy group, an aryloxy group, an
alkylthio group, a dialkylamino group, a dibenzylamino group, and a diarylamino group.
[0054] In formula (IV), the substituent represented by R101 through R104 is preferably an alkyl group, and two or four
substituents of R101 through R104 are more preferably methyl groups.
[0055] In formula (V) not part of the invention, R201, R202, R203, R204, R205, and R206 independently represent a
hydrogen atom, or a substituent. When R201 through R206 independently represent a substituent, the substituent is
preferably those denoted in R101 through R128 above, more preferably a substituted or unsubstituted aryl group, and
most preferably substituted or unsubstituted phenyl group.
[0056] Examples of compounds represented by formulae (I) through (IV) will be listed below, but are not limited thereto.
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[0057] Color of light emitted from the fluorescent compound according to the invention is measured by a spectral light
meter CS-1000, manufactured by Minolta Co., Ltd., and expressed according to CIE chromaticity diagram described in
Fig. 4.16 on page 108 of "Shinpen Shikisai Kagaku Handbook" (Coloring Science Handbook, New Edition), edited by
Nihon Shikisai Gakkai, published by Todai Shuppan Kai.
[0058] Compounds represented by formulae (I) through (V) have a high glass transition point (Tg), and therefore,
provide high thermal stability as materials for an organic electroluminescence element. The Tg, which the compounds
have, is preferably not less than 100° C.
[0059] The molecular weight of the compounds represented by formulae (I) through (IV) is in the range of preferably
from 600 to 5000. The compounds having the molecular weight of such a range can provide a light emission layer
capable of being easily formed by an vacuum deposition method, and therefore, an organic EL element can be easily
manufactured. Further, thermal stability of the fluorescent compound in the organic EL element is higher.
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[0060] Layers such as a hole injecting layer, a hole transporting layer, an electron injecting layer and an electron
transporting layer other than the light emission layer, which constitute the organic EL element, will be explained below.
[0061] In the invention, a hole injecting layer or a hole transporting layer has a function of transporting the positive
hole injected from the anode to the light emission layer. Many positive holes can be injected in a lower electric field by
the presence of the hole injecting layer or the hole transporting layer between the anode and the light emission layer.
Moreover, an element can be obtained which increases a light emission efficiency and has an excellent light emission
ability, since the electrons injected into the light emission layer from the cathode, the electron injecting layer or the
electron transporting layer are accumulated at the interface in the light emission layer by a barrier to electrons existing
at the interface between the light emission layer and the hole injecting layer or the hole transporting layer.
[0062] The material for the hole injecting layer and the hole transporting layer (hereinafter referred to also as a hole
injecting material and a hole transporting material, respectively) can be optionally selected from known materials without
any limitation as far as they have a function capable of transporting the positive hole injected from the anode to the light
emission layer. Such materials include those employed for hole transporting materials in conventional photoconductive
elements or known materials used in the hole injecting layer or hole transporting layer of conventional EL elements.
[0063] The hole injecting material or the hole transporting material describe above may be either an organic substance
or an inorganic substance as long as it has a hole injecting ability, a hole transporting ability or an ability to form a barrier
to electron. Examples of the hole injecting material or the hole transporting material include a triazole derivative, an
oxadiazole derivative, an imidazole derivative, a polyarylalkane derivative, a pyrazoline derivative and a pyrazolone
derivative, a phenylenediamine derivative, an arylamine derivative, an amino substituted chalcone derivative, an oxazole
derivative, a styryl anthracene derivative, a fluorenone derivative, a hydrazone derivative, a stilbene derivative, a silazane
derivative, an aniline copolymer, and an electroconductive oligomer , particularly a thiophene oligomer. As the hole
injecting material or the hole transporting material, those described above are used, but a porphyrin compound, an
aromatic tertiary amine compound, or a styrylamine compound is preferably used, and an aromatic tertiary amine com-
pound is more preferably used.
[0064] Typical examples of the aromatic tertiary amine compound and styrylamine compound include N,N,N’,N’-
tetraphenyl-4,4’-diaminophenyl, N,N’-diphenyl-N,N’-bis(3-methylphenyl)-[1,1’-biphenyl]-4,4’-diamine (TPD), 2,2’-bis(4-
di-p-tolylaminophenyl)propane, 1,1’-bis(4-di-p-tolylaminophenyl)cyclohexane, N,N,N’,N’-tetra-p-tolyl-4,4’-diaminobi-
phenyl, 1,1’-bis(4-di-p-tolylaminophenyl)-4-phenylcyclohexane, bis(4-dimethylamino-2-methylphenyl)-phenylmethane,
bis(4-di-p-tolylaminophenyl)-phenylmethane, N,N’-diphenyl-N,N’-di(4-methoxyphenyl)-4,4’-diaminobiphenyl, N,N,N’,N’-
tetraphenyl-4,4’-diaminodiphenylether, 4,4’-bis(diphenylamino)quardriphenyl, N,N,N-tri(p-tolyl)amine, 4-(di-p-tolylami-
no)-4’-[4-(di-p-tolylamino)styryl]stilbene, 4-N,N-diphenylamino-(2-diphenylvinyl)benzene, 3-methoxy-4’-N,N-diphe-
nylaminostylbenzene, N-phenylcarbazole, compounds described in US Patent No. 5,061,569 which have two condensed
aromatic rings in the molecule thereof such as 4,4’-bis[N-(1-naphthyl)-N-phenylamino]biphenyl (NPD), and compounds
described in Japanese Patent O.P.I. Publication No. 4-308688 such as 4,4’,4’’-tris[N-(3-methylphenyl)-N-phenylami-
no]-triphenylamine (MTDATA) in which three triphenylamine units are bonded in a starburst form.
[0065] A polymer in which the material mentioned above is introduced in the polymer chain or a polymer having the
material as the polymer main chain can be also used.
[0066] As the hole injecting material or the hole transporting material, inorganic compounds such as p-Si and p-SiC
are usable. The hole injecting layer or hole transporting layer can be formed by layering the hole injecting material or
the hole transporting material by a known method such as a vacuum deposition method, a spin coat method a casting
method and an LB method. The thickness of the hole injecting layer or the hole transporting layer is not specifically
limited, but is ordinarily from 5 nm to 5 Pm. The hole injecting layer or the hole transporting layer may be composed of
a single layer structure comprising one or two or more of the materials mentioned above, or of plural layers comprising
the same composition or different composition.
[0067] An electron transporting layer which is provided according to necessity is a layer having a function of transporting
electrons injected to the cathode to the light emission layer. The material for the electron transporting layer may be
optionally selected from known compounds.
[0068] Examples of the material used in the electron transporting layer (hereinafter referred to also as electron trans-
porting material) include a nitro-substituted fluorene derivative, a diphenylquinone derivative, a thiopyran dioxide deriv-
ative, a heterocyclic tetracarboxylic acid anhydride such as naphthaleneperylene, a carbodiimide, a fluolenylidenemeth-
ane derivative, an anthraquinodimethane an anthrone derivative, and an oxadiazole derivative. Moreover, a thiadiazole
derivative which is formed by substituting the oxygen atom in the oxadiazole ring of the foregoing oxadiazole derivative
with a sulfur atom, and a quinoxaline derivative having a quinoxaline ring known as an electron withdrawing group are
usable as the electron transporting material.
[0069] A polymer in which the material mentioned above is introduced in the polymer chain or a polymer having the
material as the polymer main chain can be also used.
[0070] A metal complex of an 8-quinolynol derivative such as aluminum tris-(8-quinolynol) (Alq3), aluminum tris-(5,7-
dichloro-8-quinolynol), aluminum tris-(5,7-dibromo-8-quinolynol), aluminum tris-(2-methyl-8-quinolynol), aluminum
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tris-(5-methyl-8-quinolynol), or zinc bis-(8-quinolynol) (Znq), and a metal complex formed by replacing the center metal
of the foregoing complexes with another metal atom such as In, Mg, Cu, Ca, Sn, Ga or Pb, can be used as the electron
transporting material. Furthermore, a metal free or metal-containing phthalocyanine, and a derivative thereof, in which
the molecular terminal is replaced by a substituent such as an alkyl group or a sulfonic acid group, are also preferably
used as the electron transporting material. The distyrylpyrazine derivative exemplified as a material for an light emission
layer may preferably be employed as the electron transporting material. An inorganic semiconductor such as n-Si and
n-SiC may also be used as the electron transporting material in a similar way as in the hole injecting layer or in the hole
transporting layer.
[0071] The electron transporting layer can be formed by layering the compounds described above by a known method
such as a vacuum deposition method, a spin coat method, a casting method and an LB method. The thickness of the
electron transporting layer is not specifically limited, but is ordinarily from 5 nm to 5 Pm. The electron transporting layer
may be composed of a single layer structure comprising one or two or more of the materials mentioned above, or of
plural layers comprising the same composition or different composition.
[0072] In the invention, the light emission layer contains the fluorescent compound, but a positive hole or electron
transporting layer adjacent to the light emission layer may contain one or more kinds of fluorescent compounds having
a maximum fluorescence wavelength in the same regions as the fluorescent compound as a host compound of the
phosphorescent compound described above, whereby an emission efficiency of the EL element can be increased. The
fluorescent compound, which may be contained in the hole or electron transporting layer, is a fluorescent compound
having the maximum fluorescence wavelength in the region of from 350 to 440 nm, and preferably 390 to 410 nm, as
the fluorescent compound contained in the light emission layer.
[0073] A substrate preferably employed for the organic electroluminescent element of the invention is not restricted
to specific kinds of materials such as glass and plastic, as far as it is transparent. Examples of the substrate preferably
employed used in the organic electroluminescent element of the invention include glass, quartz and light transmissible
plastic film.
[0074] Examples of the light transmissible plastic film include films such as polyethyleneterephthalate (PET), polyeth-
ylenenaphthalate (PEN), polyethersulfone (PES), polyetherimide, polyetheretherketone, polyphenylenesulfide, polyar-
ylate, polycarbonate (PC), cellulose triacetate (TAC), cellulose acetate propionate (CAP) and so on.
[0075] Preferable examples in the preparation of the organic EL element will be described below.
[0076] For one example, the preparation of the EL element having the foregoing constitution, Anode/Hole injecting
layer/Hole transporting layer/Light emission layer/Electron transporting layer/Electron injecting layer/Cathode, will be
described.
[0077] A thin layer of a desired material for electrode such as a material for an anode is formed on a suitable substrate
by a deposition or spattering method, so that the thickness of the layer is not more than 1 Pm, and preferably within the
range of from 10 to 200 nm to prepare the anode. Then the hole injecting layer, the hole transporting layer, the light
emission layer, the electron transporting layer and the electron injecting layer, which constitute the element, are formed
on the resulting anode in that order.
[0078] A buffer layer (an electrode interface layer) may be provided between the anode and the light emission layer
or the hole injecting layer, or between the cathode and the light emission layer or the electron injecting layer.
[0079] The buffer layer is a layer provided between the electrode and an organic layer in order to reduce the driving
voltage or to improve of light emission efficiency. As the buffer layer there are an anode buffer layer and a cathode buffer
layer, which are described in "Electrode Material" page 123, Div. 2 Chapter 2 of "Organic EL element and its frontier of
industrialization" (published by NTS Corporation, November 30, 1998) in detail.
[0080] The anode buffer layer is described in Japanese Patent O.P.I. Publication Nos. 9-45479, 9-260062, and
8-288069 etc., and its examples include a phthalocyanine buffer layer represented by a copper phthalocyanine layer,
an oxide buffer layer represented by a vanadium oxide layer, an amorphous carbon buffer layer, a polymer buffer layer
employing an electroconductive polymer such as polyaniline (emeraldine), and polythiophene, etc.
[0081] The cathode buffer layer is described in Japanese Patent O.P.I. Publication Nos. 6-325871, 9-17574, and
9-74586, etc. in detail, and its examples include a metal buffer layer represented by a strontium or aluminum layer, an
alkali metal compound buffer layer represented by a lithium fluoride layer, an alkali earth metal compound buffer layer
represented by a magnesium fluoride layer, and an oxide buffer layer represented by an aluminum oxide or lithium oxide
layer.
[0082] The buffer layer is preferably very thin and has a thickness of preferably from 0.1 to 100 nm depending on
kinds of the material used.
[0083] A layer having another function may be provided if necessary in addition to the fundamental configuration layers
as described above, for example a hole blocking layer may be added as described in Japanese Patent O.P.I. Publication
Nos. 11-204258, and 11-204359, and on page 237 of "Organic EL element and its frontier of industrialization" (published
by NTS Corporation, November 30, 1998).
[0084] At least one of the cathode buffer layer and anode buffer layer may contain the compound in the invention,
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and may function as a light emission layer.
[0085] Electrodes of the organic EL element will be explained below. The electrodes consist of a cathode and an anode.
[0086] For the anode of the organic EL element, a metal, an alloy, or an electroconductive compound each having a
high working function (not less than 4 eV), and mixture thereof are preferably used as the electrode material. Concrete
examples of such an electrode material include a metal such as Au, and a transparent electroconductive material such
as CuI, indium tin oxide (ITO), SnO2, or ZnO.
[0087] The anode may be prepared by forming a thin layer of the electrode material according to a depositing or
spattering method, and by forming the layer into a desired pattern according to a photolithographic method. When
required precision of the pattern is not so high (not less than 100 Pm), the pattern may be formed by depositing or
spattering of the electrode material through a mask having a desired form. When light is emitted through the anode, the
transmittance of the anode is preferably 10% or more, and the sheet resistivity of the anode is preferably not more than
several hundred Ω/K. The thickness of the layer is ordinarily within the range of from 10 nm to 1 Pm, and preferably
from 10 to 200 nm, although it may vary due to kinds of materials used.
[0088] On the other hand, for the cathode, a metal (also referred to as an electron injecting metal), an alloy, and an
electroconductive compound each having a low working function (not more than 4 eV), and a mixture thereof is used
as the electrode material. Concrete examples of such an electrode material include sodium, sodium-potassium alloy,
magnesium, lithium, a magnesium/copper mixture, a magnesium/silver mixture, a magnesium/aluminum mixture, mag-
nesium/indium mixture, an aluminum/aluminum oxide (Al2O3) mixture, indium, a lithium/aluminum mixture, and a rare-
earth metal. Among them, a mixture of an electron injecting metal and a metal higher in the working function than that
of the electron injecting metal, such as the magnesium/silver mixture, magnesium/aluminum mixture, magnesium/indium
mixture, aluminum/aluminum oxide (Al2O3) mixture or lithium/aluminum mixture, is suitable from the view point of the
electron injecting ability and resistance to oxidation. The cathode can be prepared forming a thin layer of such an
electrode material by a method such as a deposition or spattering method. The sheet resistivity as the cathode is
preferably not more than several hundred Ω/K, and the thickness of the layer is ordinarily from 10 nm to 1 Pm, and
preferably from 50 to 200 nm. It is preferable in increasing the light emission efficiency that either the anode or the
cathode of the organic EL element is transparent or semi-transparent.
[0089] A preparation method of the organic EL element will be explained below.
[0090] For formation of the thin layer, a vacuum deposition method is preferably used even though a spin coating
method, a casting method and a deposition method can be used. The vacuum deposition method is preferable since a
uniform layer can be formed and a pinhole is formed with difficulty. Although conditions of the vacuum deposition are
different due to kinds of materials used, or an intended crystalline or association structure of the molecular deposited
layer, the vacuum deposition is preferably carried out at a boat temperature of from 50° C to 450° C, at a vacuum degree
of from 10-6 to 10-3 Pa, at a deposition speed of from 0.01 to 50 nm/second, and at a substrate temperature of from -50
to 300° C, to form a layer thickness of from 5 nm to 5 Pm.
[0091] As described above, on a suitable substrate, a thin layer of a desired electrode material such as an anode
material is formed by a deposition or spattering method so that the thickness of the layer is not more than 1 Pm, preferably
within the range of from 10 to 200 nm to prepare the anode. Then the hole injecting layer, the hole transporting layer,
the light emission layer and the electron transporting layer and the electron injecting layer are formed on the anode as
described above. After formation of these layers, a thin layer comprising a material for cathode is formed thereon by,
for example, a deposition method or spattering method so that the thickness is not more than 1P m, and preferably from
50 to 200 nm, to provide the cathode. Thus a desired EL element is obtained. It is preferred that the layers from the hole
injecting layer to the cathode are continuously formed under one time of vacuuming to prepare the organic EL element.
Further, the organic EL element can be prepared in the reverse order, in which the cathode, the electron injecting layer,
the light emission layer, hole injecting layer, and the anode are formed in that order. Light emission can be observed
when a direct current with a voltage of from about 5 to 40 V is applied to the thus prepared organic EL element so that
the polarity of the anode is positive and that of the cathode is negative. When the voltage is applied in the reverse polarity,
no current is generated and light is not emitted at all. When an alternating voltage is applied, light is emitted only when
the polarity of the anode is positive and that of the cathode is negative. The shape of the wave of the alternating current
may be optionally selected.

EXAMPLES

[0092] The present invention will be explained in the following examples, but is not limited thereto.

Example 1

[0093] Electroluminescence element sample Nos. 1-1 through 1-22 were prepared according to the following proce-
dures:
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<Preparation of organic EL element sample>

[0094] A pattern was formed on a substrate (manufactured by NH Technoglass Co., Ltd.) composed of a glass plate
(100 mm x 1000 mm x 1.1 mm) and a 150 nm ITO (indium tin oxide) layer as an anode. Then the resulting transparent
substrate having the ITO transparent electrode was subjected to ultrasonic washing in i-propyl alcohol and dried by a
dry nitrogen gas and subjected to UV-ozone cleaning for 5 minutes.
[0095] Thus obtained transparent substrate was fixed on a substrate holder of a vacuum deposition apparatus available
in the market. Further, 200 mg of α-NPD were put in a first resistive heating molybdenum boat, 200 mg of CBP were
put in a second resistive heating molybdenum boat, 200 mg of bathocuproine (BC) were put in a third resistive heating
molybdenum boat, 200 mg of Ir-1 (phosphorescent compound) were put in a fourth resistive heating molybdenum boat,
and 200 mg of Alq3 were put in a fifth resistive heating molybdenum boat, and the resulting boats were set in the vacuum
deposition apparatus. Then the pressure in the vacuum tank was reduced to 4 x 10-4 Pa, and the boat carrying α-NPD
was heated to 220° C by supplying an electric current to the boat so as to form a hole transporting layer having a thickness
of 45 nm by depositing α-NPD onto the transparent substrate at a depositing speed of 0.1 nm/sec. Moreover, the boat
carrying CBP and the boat carrying Ir-1 were heated to 220° C by supplying an electric current to both boats so as to
co-deposit the CBP at a depositing speed of 0.01 nm/sec and the Ir-1 at a depositing speed of 0.1 nm/sec onto the hole
transporting layer to form a light emission layer of 20 nm. The temperature of the substrate at the time of the deposition
was room temperature. Then the boat carrying BC was heated to 250° C by supplying an electric current to the boat so
as to deposit the BC onto the light emission layer at a depositing speed of 0.1 nm/sec to form an electron transporting
layer of 10 nm which could function as a hole blocking layer. Further, the boat carrying Alq3 was heated to 250° C by
supplying an electric current to the boat so as to deposit the Alq3 onto the electron transporting layer at a depositing
speed of 0.1 nm/sec to form an electron transporting layer of 40 nm. The temperature of the substrate at the time of the
deposition was room temperature.
[0096] Next, the vacuum tank was opened, and a stainless steel mask having a rectangular hole was set on the
electron transporting layer. Further, 3 g of magnesium was put in a molybdenum resistive heating boat and 0.5 g of
silver was put in a tungsten basket for deposition. The boat and the basket were set in the vacuum tank. The pressure
in the vacuum tank was reduced to 2 X 10-4 Pa. Then the boat carrying magnesium was heated by supplying an electric
current so as to deposit magnesium at a deposition speed of from 1.5 to 2.0 nm/sec. At this time, the basket carrying
silver was simultaneously heated so as to deposit silver at a deposition speed of 0.1 nm/sec to form a counter electrode
composed of a mixture of magnesium and silver. Thus a comparative organic EL element sample No. 1-1 was prepared.
[0097] Organic EL element sample Nos. 1-2 through 1-15 were prepared in the same manner as comparative organic
EL element sample No. 1-1, except that CBP and the phosphorescent compound in the light emission layer were replaced
with those as shown in Table 2.
[0098] The chemical structures of the compounds used above are shown below.
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<Evaluation of luminance of light emitted from organic EL element sample Nos. 1-1 through 1-15>

[0099] When an initial driving voltage of 3V was applied to organic EL element sample No. 1-1, an electric current
begins flowing and a light was emitted from the phosphorescent compound which was a dopant in the light emission
layer. When a direct current voltage of 9V was applied to organic EL element sample No. 1-1 at 23° C in an atmosphere
of a dry nitrogen gas, luminance of light emitted from the sample 1-1 was measured according to CS-1000 produced
Minolta Co., Ltd. The luminance of light emitted from the organic EL element sample Nos. 1-2 through 1-15 was expressed
by a relative value when the luminance of light emitted from the organic EL element sample No. 1-1 was set at 100. The
results are shown in Table 2.
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[0100] As is apparent from Table 2 above, inventive organic electroluminescence element samples comprising a light
emission layer containing the compounds in the invention emits light with high luminance. The inventive samples have
proved to be useful for an organic EL element, and the following three are pointed out.

(1) The organic EL element employing the host compound having an N/C of from more than 0 to not more than 0.03
(3%) provides high luminance.
(2) When a host compound having a maximum fluorescence wavelength in the wavelength regions of from 350 to
440 nm of the host compounds having an N/C of from more than 0 to not more than 0.03 (3%) is employed, higher
luminance is obtained.
(3) The host compound, having an N/C of from more than 0 to not more than 0.03 (3%), a maximum fluorescence
wavelength in the wavelength regions of from 350 to 440 nm, and a molecular weight of not less than 600, provides
the highest luminance.

[0101] The phosphorescent quantum yields of phosphorescent compounds Ir-1, 2, 3, 5, 8, and 9 in 25° C tetrahydrofuran
was 0.36, 0.32, 0.27, 0.12, 0.34, and 0.21, respectively.
[0102] Herein, the maximum fluorescence wavelength of the fluorescent compound as a host compound is a wave-
length giving the maximum fluorescent intensity in the fluorescent spectra of a 100 nm thick layer of the fluorescent
compound deposited on a glass plate.

Example 2

[0103] Organic EL element sample Nos. 2-1 through 2-15 were prepared in the same manner as in organic EL element
sample Nos. 1-1 through 1-15 in Example 1, respectively, except that α-NPD (having a maximum fluorescence wavelength
of 452 nm) as a hole transporting material was replaced with m-MTDATXA (having a maximum fluorescence wavelength
of 399 nm). The resulting element samples exhibited more increased luminance.

Example 3

[0104] Organic EL element sample Nos. 3-1 through 3-15 were prepared in the same manner as in organic EL element
sample Nos. 1-1 through 1-15 in Example 1, respectively, except that the cathode was replaced with Al, and a LiF-
deposited cathode buffer layer with a thickness of 0.5 nm was provided between the cathode and the electron transporting
layer. The luminance of emitted light from the sample was measured according to CS-1000 produced Minolta Co., Ltd.
in the same manner as in Example 1. When the luminance of the organic EL element sample No. 1-8 was set at 100,
the relative value of the luminance of the organic EL element sample No. 3-8 was 142. Similarly, introduction of the
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cathode buffer layer was proved to be effective in the other organic EL element samples prepared above.

Example 5

[0105] Organic EL element sample No. 5-1 was prepared in the same manner as in Example 1, except that the light
emission layer was replaced with a light emission layer having a thickness of 10 nm in which the respective five layers
of a 1 nm thick layer containing fluorescent compound (7) and 1% by weight of DCM2 (light emission layer A) and a 1
nm thick layer containing compound (7) and 10% by weight of Ir-1 (light emission layer B) were alternately layered.

[0106] A 590 nm light was emitted from DCM2 contained in the organic EL element sample No. 5-1.
[0107] Organic EL element sample No. 5-2 was prepared in the same manner as organic EL element sample No. 5-1
above, except that the fluorescent compound (7) was replaced with CBP. A 590 nm light was also emitted from DCM2
contained in the organic EL element sample No. 5-2, but its luminance was 0.60 times that of the organic EL element
sample No. 5-1 employing the fluorescent compound (7). As is apparent from the above, the inventive sample provides
higher luminance.

Example 6

[0108] The red light-emitting organic EL element, green light-emitting organic EL element, and blue light-emitting
organic EL element prepared in Examples 1 and 4 were arranged on the same substrate, and a full color display as
shown in Fig. 1 was prepared which employed an active matrix system.
[0109] Fig. 1 is a schematic drawing of a displaying section of the full color display prepared.
[0110] The displaying section A has a wiring portion including a plurality of scanning signal lines 5 and a plurality of
data signal lines 6, and a plurality of pixels 3 (a red-light emitting pixel, a green-light emitting pixel and a blue-light emitting
pixel, etc.) on the same substrate. The scanning signal lines 5 and the data signal lines 6 are composed of an electro-
conductive material. The line 5 and the line 6 are crossed with each other at a right angle, and connected with the pixel
3 at the crossing position (not illustrated in detail). Organic EL elements corresponding to each of the plural pixels 3
described above are driven by an active matrix system in which a switching transistor as an active element and a driving
transistor are provided to each of the organic EL elements. When the scanning signal is applied from the scanning signal
line 5, the pixels 3 receive the image data signal from the data signal line 6, and emit light corresponding to the image
data. A full color image can be displayed by suitably arranging the red-light emitting pixel, green-light emitting pixel and
blue-light emitting pixel on the same substrate.
[0111] The full color display prepared above provided a full color moving image with high luminance and high visibility.

Example 7

[0112] Organic EL element sample Nos. 7-1 through 7-15 were prepared in the same manner as comparative organic
EL element sample No. 1-1 in Example 1, except that the compound contained in the light emission layer and the
phosphorescent compound were replaced with those as shown in Table 3.
[0113] When a direct current voltage of 9V was applied to the resulting-organic EL element samples at 23° C in an
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atmosphere of a dry nitrogen gas, the half value period (emission lifetime) at which luminance of light emitted from the
samples was reduced to half was measured. The half lifetime (emission lifetime) of light emitted from the organic EL
element sample Nos. 7-2 through 7-15 was expressed by a relative value when the half lifetime (emission lifetime) of
light emitted from the organic EL element sample No. 7-1 was set at 100. The luminance (cd/m2) was measured according
to CS-1000 produced Minolta Co., Ltd. The results are shown in Table 3.

Table 3

Sample No.
Compound 

contained in light 
emission layer

N/C
Phosphorescent 

compound
Emission lifetime Emission color Remarks

7-1 *TPB 0 Ir-1 100 Green Comp.

7-2 **TCPB 0.05 Ir-1 92 Green Comp.

7-3 CBP 0.056 Ir-1 86 Green Comp.

7-4 TAZ 0.125 Ir-1 82 Green Comp.

7-5 OXD7 0.2 Ir-1 94 Green Comp.

7-6 BC 0.077 In-1 56 Green Comp.

7-7 TPA 0.076 Ir-1 62 Green Comp.

7-8 (6) 0.0152 Ir-1 238 Green Inv.

7-9 (7) 0.0152 Ir-1 225 Green Inv.

7-10 (9) 0.0208 Ir-1 204 Green Inv.

7-11 (38) 0.0159 Ir-1 216 Green Inv.

7-12 (1) 0.0238 Ir-2 201 Green Inv.

7-13 (6) 0.0152 Ir-3 227 Green Inv.

7-14 (9) 0.0208 Ir-8 212 Green Inv.

7-15 (38) 0.0159 Ir-9 225 Red Inv.

Comp.: Comparative Inv.: Inventive
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[0114] As is apparent from Table 3 above, inventive organic electroluminescence element samples comprising a light
emission layer containing the host compound in the invention having an N/C of from more than 0 to not more than 0.03
(3%) provides a longer half lifetime (emission lifetime), as compared with the comparative samples, and have proved
to be useful for an organic EL element.

EFFECT OF THE INVENTION

[0115] The present invention provides an organic electroluminescent element emitting light with high emission lumi-
nance, and a display employing the organic electroluminescent element which emits the light at reduced power con-
sumption.

Claims

1. An organic electroluminescent element comprising a light emission layer containing a fluorescent compound and a
phosphorescent compound, characterized by the fluorescent compound having a nitrogen atom number to carbon
atom number ratio in the molecule (N/C) of from more than 0 to not more than 0.03, wherein the phosphorescent
compound comprises an iridium complex, wherein the maximum emission wavelength of light emitted according to
electroluminescence of the element is longer than the maximum fluorescence wavelength of the fluorescent com-
pound, the maximum fluorescence wavelength of the fluorescent compound is a wavelength giving the maximum
fluorescent intensity in the fluorescent spectra of a 100 nm thick layer of the fluorescent compound deposited on a
glass plate.

2. The organic electroluminescent element of claim 1, wherein the maximum fluorescence wavelength of the fluorescent
compound is in the range of from 350 to 440 nm.

3. The organic electroluminescent element of claim 1 or 2, wherein the molecular weight of the fluorescent compound
is not less than 600.

4. The organic electroluminescent element of claim 1, wherein a hole transporting layer containing at least one fluo-
rescent compound or an electron transporting layer containing at least one fluorescent compound is provided adjacent
to the light emission layer, the maximum fluorescence wavelength of the fluorescent compound in the hole trans-
porting layer or the electron transporting layer being in the range of from 350 to 440 nm.
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5. The organic electroluminescent element of any preceding claims, wherein the maximum fluorescence wavelength
of the fluorescent compound is in the range of from 390 to 410 nm.

6. The organic electroluminescent element of claim 5, wherein the maximum fluorescence wavelength of the fluorescent
compound contained in the light emission layer and in the hole transporting layer or the electron transporting layer
is in the range of from 390 to 410 nm.

7. The organic electroluminescent element of any preceding claim, wherein the organic electroluminescent element
further comprises a cathode, and at least one cathode buffer layer is provided between the light emission layer and
the cathode.

8. The organic electroluminescent element of claim 1, wherein the element further comprises a further fluorescent
compound having a maximum fluorescence wavelength in the region longer than a maximum phosphorescence
wavelength of the phosphorescent compound.

9. A display comprising the organic electroluminescent element of any one of claims 1 to 8.

10. A full colour display comprising two of the organic electroluminescent element of claims 1 to 8, wherein the two
elements are arranged on the same substrate, and emit light having a maximum emission wavelength different from
each other.

Patentansprüche

1. Organisches Elektrolumineszenzelement, das eine eine fluoreszierende Verbindung und eine phosphoreszierende
Verbindung enthaltende Lichtemissionsschicht umfasst,
dadurch gekennzeichnet, dass die fluoreszierende Verbindung ein Verhältnis der Zahl der Stickstoffatome zur
Zahl der Kohlenstoffatome in dem Molekül (N/C) von mehr als 0 bis nicht mehr als 0,03 aufweist, wobei die phos-
phoreszierende Verbindung einen Iridiumkomplex umfasst, wobei die Wellenlänge des Emissionsmaximums von
entsprechend der Elektrolumineszenz des Elements emittiertem Licht länger als die Wellenlänge des Fluoreszenz-
maximums der fluoreszierenden Verbindung ist, wobei die Wellenlänge des Fluoreszenzmaximums der fluoreszie-
renden Verbindung eine Wellenlänge ist, die die maximale Fluoreszenzintensität im Fluoreszenzspektrum einer
100 nm dicken Schicht der auf einer Glassplatte abgeschiedenen fluoreszierenden Verbindung angibt.

2. Organisches Elektrolumineszenzelement nach Anspruch 1, wobei die Wellenlänge des Fluoreszenzmaximums der
fluoreszierenden Verbindung im Bereich von 350 bis 440 nm liegt.

3. Organisches Elektrolumineszenzelement nach Anspruch 1 oder 2, wobei das Molekulargewicht der fluoreszierenden
Verbindung nicht weniger als 600 beträgt.

4. Organisches Elektrolumineszenzelement nach Anspruch 1, wobei eine Löchertransportschicht, die mindestens eine
fluoreszierende Verbindung enthält, oder eine Elektronentransportschicht, die mindestens eine fluoreszierende
Verbindung enthält, angrenzend zur Lichtemissionsschicht angebracht ist, wobei die Wellenlänge des Fluoreszenz-
maximums der fluoreszierenden Verbindung in der Löchertransportschicht oder der Elektronentransportschicht im
Bereich von 350 bis 440 nm liegt.

5. Organisches Elektrolumineszenzelement nach einem der vorhergehenden Ansprüche, wobei die Wellenlänge des
Fluoreszenzmaximums der fluoreszierenden Verbindung im Bereich von 390 bis 410 nm liegt.

6. Organisches Elektrolumineszenzelement nach Anspruch 5, wobei die Wellenlänge des Fluoreszenzmaximums der
fluoreszierenden Verbindung, die in der Lichtemissionsschicht und in der Löchertransportschicht oder der Elektro-
nentransportschicht enthalten ist, im Bereich von 390 bis 410 nm liegt.

7. Organisches Elektrolumineszenzelement nach einem der vorhergehenden Ansprüche, wobei das organische Elek-
trolumineszenzelement ferner eine Kathode umfasst und mindestens eine Kathodenpufferschicht zwischen der
Lichtemissionsschicht und der Kathode angebracht ist.

8. Organisches Elektrolumineszenzelement nach Anspruch 1, wobei das Element ferner eine weitere fluoreszierende
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Verbindung umfasst, die die Wellenlänge des Fluoreszenzmaximums in einem Bereich längerer Wellenlängen als
die Wellenlänge des Phosphoreszenzmaximums der phosphoreszierenden Verbindung aufweist.

9. Display, das das organische Elektrolumineszenzelement nach einem der Ansprüche 1 bis 8 umfasst.

10. Vollfarben-Display, das zwei der organischen Elektrolumineszenzelemente nach den Ansprüchen 1 bis 8 umfasst,
wobei die zwei Elemente auf dem gleichen Substrat angeordnet sind und Licht emittieren, das eine voneinander
verschiedene Wellenlänge des Emissionsmaximums aufweist.

Revendications

1. Elément électroluminescent organique comprenant une couche émettant de la lumière contenant un composé
fluorescent et un composé phosphorescent, caractérisé en ce que le composé fluorescent a un rapport du nombre
d’atomes d’azote sur le nombre d’atomes de carbone (N/C) dans la molécule de plus de 0 jusqu’à pas plus de 0,03,
dans lequel le composé phosphorescent comprend un complexe d’iridium, dans lequel la longueur d’onde d’émission
maximale de la lumière émise sous l’effet de l’électroluminescence de l’élément est plus longue que la longueur
d’onde de fluorescence maximale du composé fluorescent, la longueur d’onde de fluorescence maximale du com-
posé fluorescent est une longueur d’onde donnant l’intensité de fluorescence maximale dans le spectre de fluores-
cence d’une couche épaisse de 100 nm du composé fluorescent déposé sur une plaque de verre.

2. Elément électroluminescent organique selon la revendication 1, dans lequel la longueur d’onde de fluorescence
maximale du composé fluorescent est dans la gamme de 350 à 440 nm.

3. Elément électroluminescent organique selon la revendication 1 ou 2, dans lequel le poids moléculaire du composé
fluorescent n’est pas inférieur à 600.

4. Elément électroluminescent organique selon la revendication 1, dans lequel une couche de transport de trous
contenant au moins un composé fluorescent ou une couche de transport d’électrons contenant au moins un composé
fluorescent est fournie de façon adjacente à la couche émettant de la lumière, la longueur d’onde de fluorescence
maximale du composé fluorescent dans la couche de transport de trous ou la couche de transport d’électrons étant
dans la gamme de 350 à 440 nm.

5. Elément électroluminescent organique selon l’une quelconque des revendications précédentes, dans lequel la
longueur d’onde de fluorescence maximale du composé fluorescent est dans la gamme de 390 à 410 nm.

6. Elément électroluminescent organique selon la revendication 5, dans lequel la longueur d’onde de fluorescence
maximale du composé fluorescent contenu dans la couche émettant de la lumière et dans la couche de transport
de trous ou la couche de transport d’électrons est dans la gamme de 390 à 410 nm.

7. Elément électroluminescent organique selon l’une quelconque des revendications précédentes, lequel élément
électroluminescent organique comprend en outre une cathode, et au moins une couche tampon pour la cathode
est fournie entre la couche émettant de la lumière et la cathode.

8. Elément électroluminescent organique selon la revendication 1, lequel élément comprend en outre un composé
fluorescent supplémentaire ayant une longueur d’onde de fluorescence maximale dans une région plus longue que
la longueur d’onde de phosphorescence maximale du composé phosphorescent.

9. Affichage comprenant l’élément électroluminescent organique selon l’une quelconque des revendications 1 à 8.

10. Affichage tout en couleur comprenant deux de l’élément électroluminescent organique selon les revendications 1
à 8, dans lequel les deux. éléments sont agencés sur le même substrat, et émettent une lumière ayant une longueur
d’onde d’émission maximale différente entre eux.
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