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Description

TECHNICAL FIELD

[0001] This invention relates to an electroluminescent device comprising, in order, an anode, an auxiliary carrier
transporting layer, an electroluminescent organic layer assembly and a cathode, wherein the light emitting material layer
emits light upon application of a voltage between the anode and the cathode.

BACKGROUND ART

[0002] The electroluminescent phenomenon of organic material was observed on anthracene single crystals (J. Chem.
Phys., 38 (1963), 2042). Thereafter, a relatively intense luminescent phenomenon was observed using a solution elec-
trode having high injection efficiency (Phys. Rev. Lett., 14 (1965), 229). Thereafter, active research works were made
on organic luminescent materials between conjugated organic host materials and conjugated organic activators having
a fused benzene ring (USP 3,172,862, USP 3,710,167, J. Chem. Phys., 44 (1966), 2902, and J. Chem. Phys., 50 (1969),
14364). The organic luminescent materials listed herein, however, suffer from the drawbacks of increased film thickness
and a high electric field needed to induce luminescence.
[0003] As one countermeasure, researches were made on thin-film devices using evaporation technique and suc-
ceeded in lowering drive voltage. Such devices, however, failed to provide luminance at a practically acceptable level
(Polymer, 24 (1983), 748, and Jpn. J. Appl. Phys., 25 (1986), L773).
[0004] Recently, Eastman Kodak proposed a device in which a charge transporting layer and a light emitting layer are
formed between electrodes by an evaporation technique, accomplishing a high luminance at a low drive voltage (Appl.
Phys. Lett., 51 (1987), 913 and USP 4,356,429). Thereafter, research works were further activated, as by shifting to
three layer type devices in which carrier transporting and light emitting functions are separated. From then onward, the
study on organic electroluminescent devices entered the practical stage (Jpn. J. Appl. Phys., 27 (1988), L269, L713).
[0005] WO 95/24056 A (UNIAX CORP[US]) relates to an ohmic hole injecting electrode or contact for diode structures.
It is formed of multilayer composite materials. The composite materials include a layer of a high work function inorganic
material and a layer of conductive polyaniline ("PANI"). In some embodiments, the anode allegedly has transparency.
These preferred materials supposedly function as transparent electrodes in light-related diodes such as LEDs and
photovoltaic cells where they are said to exhibit lower turn on voltages and higher efficiencies.
[0006] However, there remains a serious problem of product lifetime as demonstrated by a luminescent life which is
3,000 hours at the shortest and several ten thousands of hours at the longest when operated at several hundreds of
candelas.
[0007] It was also found that the above-described devices are prone to delamination due to moisture adsorption and
thermal degradation and substantially increase dark spots during long-term service. It is believed that such degradation
is mainly caused by interfacial separation between the inorganic electrode and the organic layer and the potential barrier
between the electrodes and the respective carrier transporting materials although these problems remain outstanding.

DISCLOSURE OF THE INVENTION

[0008] An object of the invention is to provide an organic electroluminescent device in which the drive voltage is lowered
in order to prevent degradation thereof.
[0009] Making extensive investigations to attain the above object, the inventors have found that in an electroluminescent
device comprising at least one electroluminescent organic layer interposed between the anode and the cathode, espe-
cially an electroluminescent device in which an organic hole transporting layer and a light emitting material layer are
sequentially deposited on an inorganic electrode (ITO electrode etc.) serving as the anode and the cathode is disposed
thereon, improved adhesion and an effective lowering of device drive voltage are achieved by providing an auxiliary
carrier transporting layer between the anode and the organic layer (especially between the inorganic electrode and the
organic hole transporting layer), and forming the auxiliary carriers transporting layer mainly from the aromatic amine
derivative of the general formula (1), and especially, the soluble, electrically conductive compound or polymer that the
aromatic amine derivative forms with a dopant.
[0010] Specifically, the invention provides an electroluminescent device comprising an anode, a cathode, and at least
one electroluminescent organic layer interposed therebetween, wherein a luminescent material in the organic layer emits
light upon application of a voltage between the anode and the cathode, characterized in that an auxiliary carrier trans-
porting layer which contains an aromatic amine derivative comprising recurring units of the following general formula
(1) and having a number average molecular weight of 200 to 100,000, and especially a soluble conductive compound
in which the aromatic amine derivative forms a salt with an electron accepting dopant, is formed between the anode and
the organic layer.
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Herein R1 to R4 each are independently hydrogen, a hydroxyl group, substituted or unsubstituted monovalent hydrocarbon
group, organooxy group, acyl group or sulfonate group, excluding the case where all R1 to R4 are hydrogen atoms at
the same time, and n is a positive number of 2 to 3,000.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a graph showing the dependence of emission luminance on voltage of the electroluminescent device
fabricated in Example 1 and 2.
FIG. 2 is a graph showing the dependence of current density on voltage of the electroluminescent device fabricated
in Example 1 and 2.
FIG. 3 is a graph showing the dependence of emission luminance on voltage of the electroluminescent devices
fabricated in Example 3.
FIG. 4 is a graph showing the dependence of current density on voltage of the electroluminescent devices fabricated
in Example 3.
FIG. 5 is a graph showing the dependence of emission luminance on voltage of the electroluminescent device
fabricated in Comparative Example 1.
FIG. 6 is a graph showing the dependence of current density on voltage of the electroluminescent device fabricated
in Comparative Example 1.

BEST MODE FOR CARRYING OUT THE INVENTION

[0012] The electroluminescent device of the invention includes, in the order specified, an anode, an auxiliary carrier
transporting layer, an electroluminescent organic layer assembly and a cathode.
[0013] The anode and cathode used herein may be well-known electrodes. For example, the anode may be an inorganic
electrode (or transparent electrode) of ITO formed on a glass substrate. The cathode may be a metallic electrode of
aluminum or MgAg alloy.
[0014] The electroluminescent organic layer includes a light emitting material layer and a hole-transporting layer and
may be of well-known construction. The layer closest to the anode is the hole-transporting layer. A laminate construction
in which a hole transporting layer, a light emitting material layer, and a carrier transporting layer are sequentially stacked
from the cathode side is typical, though the invention is not limited thereto.
[0015] The hole transporting material is generally selected from tertiary aromatic amines such as N,N,N-tris(p-
toluyl)amine (TPD), 1,1-bis[(di-4-toluylamine)phenyl]cyclohexane, N,N’-diphenyl-N,N’-bis(3-methylphenyl)(1,1’-biphe-
nyl)-4,4’-diamine, N,N,N’,N’-tetrakis(4-methylphenyl)(1,1’-biphenyl)-4,4’-diamine, N,N’bis(1-naphthyl)-N,N’-diphenyl-
1,1’-bisphenyl-4,4’-diamine, and 4,4’,4"-tris(3-methylphenylamino)triphenylamine. Pyrazoline derivatives are also useful.
[0016] The carrier transporting material is not critical although generally aromatic fused ring compounds and metal
complex compounds are often used. Examples include metal complex compounds such as tris(8-hydroxyquinoline)alu-
minium (Alq3) and bis(10-hydroxybenzo[h]quinolate)beryllium (BeBq2), 1,3,4-oxathiazole derivatives, 1,2,4-triazole de-
rivatives, bis(benzimidazole) derivatives of perylene dicarboxyimide, and thiopyrane sulfone derivatives.
[0017] The light emitting material is one or more selected from the group of metal complex compounds such as Alq3
and tris(5-cyano-8-hydroxyquinoline)aluminum (Al(Q-CN)), and dyes selected from oxathiazoles, e.g., biphenyl-p-(t-
butyl)phenyl-1,3,4-oxathiazole, triazoles, allylenes, and coumarins.
[0018] In the electroluminescent device of the invention, an auxiliary carrier transporting layer is interposed between
the anode and the hole-transporting layer for assisting in charge transportation.
[0019] The auxiliary carrier transporting layer is primarily composed of an aromatic amine derivative comprising re-
curring units of the following general formula (1).
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[0020] Advantageously, the aromatic amine derivative is used as a thin film of a soluble, electrically conductive com-
pound in which the aromatic amine derivative forms a salt with an electron accepting dopant.
[0021] In formula (1), R1 to R4 each are independently hydrogen or a substituted or unsubstituted organooxy group.
R1 to R4 may be the same or different, but R1 to R4 are not hydrogen atoms at the same time.
[0022] The organooxy groups represented by R1 are preferably of 1 to 20 carbon atoms. Examples of the organooxy
groups include alkoxy, alkenyloxy, and aryloxy groups, whose alkyl, alkenyl and aryl moieties are as exemplified above.
[0023] Preferably, R1 to R4 are independently selected from among hydrogen atoms, alkoxy groups of 1 to 4 carbon
atoms, alkoxyalkyl groups in which the alkoxy moiety has 1 to 4 carbon atoms and the alkyl moiety has 1 to 4 carbon atoms.
[0024] In formula (1), n is a positive number of 2 to 3,000 and preferably 4 to 3,000. The aromatic amine derivative of
formula (1) has a number average molecular weight of 200 to 100,000 and preferably 400 to 70,000.
[0025] The methods of synthesizing the aromatic amine derivatives of formula (1) and soluble conductive compounds
therefrom are not critical although they can be synthesized, for example, by the following methods.
[0026] Specifically, an aniline derivative, which is a fully purified starting reactant from which antioxidant and other
impurities have been removed as by distillation, is combined with an acid in a 1 to 3-fold amount to form a salt.
[0027] The resulting salt, which is soluble in water, is dissolved in water in a 2 to 10-fold amount based on the starting
reactant. The solution is kept at 25°C, to which ammonium persulfate, cerium sulfate, iron chloride or copper chloride
is added as an oxidizing agent. The amount of the oxidizing agent added is 0.5 to 4 moles, preferably 1 to 2 moles per
mole of the starting reactant. After the addition of oxidizing agent, reaction is effected for 10 to 50 hours. The reaction
solution was filtered, the residue was fully washed with a low-boiling, water-soluble organic solvent such as acetone,
methanol, ethanol or isopropanol, yielding a soluble conductive compound. The acid used herein becomes an electron
accepting dopant for the aromatic amine derivative and is not critical. The electron accepting dopant is selected from
among Lewis acids, protonic acids, transition metal compounds, electrolyte salts and halides.
[0028] Lewis acids include FeCl3, PF5, AsF5, SbF5, BF5, BCl3, and BBr3.
[0029] Protonic acids include inorganic acids such as HF, HCl, HNO5, H2SO4 and HClO4, and organic acids such as
benzene sulfonic acid, p-toluenesulfonic acid, dodecylbenzenesulfonic acid, polyvinylsulfonic acid, methanesulfonic
acid, 1-butanesulfonic acid, vinylphenylsulfonic acid and camphorsulfonic acid.
[0030] Transition metal compounds include FeOCl, TiCl4, ZrCl4, HfCl4, NbF5, NbCl5, TaCl5 and MoF5.
[0031] Electrolyte salts include LiSbF6, LiAsF6, NaAsF6, NaSbF6, KAsF6, KSbF6, [(n-Bu)4N]AsF6, [(n-Bu)4N]SbF6,
[(n-Et)4N]AsF6 and [(n-Et)4N]SbF6.
[0032] Halides includes Cl2, Br2, I2, ICl, ICl3, IBr and IF. Of these electron accepting dopants, ferric chloride is the
preferred Lewis acid, hydrochloric acid is the preferred protonic acid, perchloric acid is the preferred inorganic acid, and
p-toluenesulfonic acid and camphorsulfonic acid are the preferred organic acids.
[0033] In the case of aromatic amine derivatives having no dopant, the soluble conductive compound obtained by the
above method is washed with an alkali, obtaining the desired aromatic amine derivative. The alkali used herein is not
critical although it is desirably ammonia or sodium hydrogen carbonate. Thus, the aromatic amine derivative of the
invention is readily obtained through alkali treatment of the soluble conductive compound.
[0034] The aromatic amine derivative of the invention thus obtained can be readily converted into a soluble conductive
compound or conductive high-molecular-weight compound by doping it with the above-described electron accepting
dopant such as a Lewis acid, protonic acid, transition metal compound or electrolyte salt.
[0035] The dopant-forming electron acceptor is generally added in such an amount as to give one or less dopant per
nitrogen atom in the recurring units of conjugated structure containing nitrogen as a basic atom.
[0036] Alternatively, doping can be carried out by forming a coating of the aromatic amine derivative of the invention
and then exposing the coating to hydrochloric acid vapor or iodine vapor.
[0037] The soluble conductive compounds of the invention thus obtained are soluble in common organic solvents, for
example, chlorinated solvents such as chloroform, dichloroethane, and chlorobenzene, amide solvents such as N,N-
dimethylformamide and N,N-dimethylacetamide and polar solvents such as phenolic solvents in a proportion of 2 to 10%
by weight. Of these, N,N-dimethylformamide is most desirable in order to obtain a fully stable varnish which does not
gel. In this case, the solubility is usually 5 to 7% by weight.
[0038] It is noted that even a solvent which does not form a uniform medium when used alone can be used in combination
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with another solvent insofar as a uniform medium is obtainable. Such examples include ethyl cellosolve, butyl cellosolve,
ethyl Carbitol, butyl Carbitol, ethyl Carbitol acetate and ethylene glycol.
[0039] When a coating of the soluble conductive compound is formed on a substrate, it is, of course, preferable to
add additives such as coupling agents to a solution of the soluble conductive compound for the purpose of further
improving the adhesion of the soluble conductive compound coating to the substrate.
[0040] The coating method of forming a thin film of the soluble conductive compound includes dipping, spin coating,
transfer printing, roll coating and brush coating, but is not limited thereto. The coating thickness is not critical although
a coating as thin as possible is desirable for improving external emission efficiency. Usually, a thickness of 100 to 1,000
Å is preferred.
[0041] By applying the solution onto a substrate and evaporating off the solvent, a coating of the aromatic amine
derivative or conductive compound thereof according to the invention can be formed on the substrate. The temperature
used in this step is sufficient for the solvent to evaporate and generally in the range of 80 to 150°C.
[0042] The electroluminescent device of the invention is fabricated by any desired method. Typically, a thin film of the
aromatic amine derivative or conductive compound thereof is first formed on ITO serving as an inorganic electrode. The
ITO electrode used herein has been removed of foreign matter such as organic matter on the surface by cleaning
treatment such as back sputtering or ozone treatment.
[0043] The method of forming a thin film of the aromatic amine derivative or conductive compound thereof is not critical
although spin coating or evaporation is preferably used. More preferably, spin coating is used.
[0044] On the electrode-bearing substrate thus obtained, electroluminescent organic materials are deposited. Their
laminate structure largely varies and is not critical. Most often, a device in which a hole transporting layer, a light emitting
layer and a carrier transporting layer are sequentially deposited by evaporation is used. These materials are sequentially
deposited by vacuum evaporation and on the top of them, a MgAg alloy, for example, is evaporated as a cathode. This
results in an electroluminescent device which emits light of a specific wavelength upon application of an electric field.
[0045] Examples and comparative examples are given below for illustrating the present invention although the invention
is not limited to the examples.

Example 1

[0046] To 0.2 mol (27.4 g) of o-phenetidine, 30.86 g (0.3 mol) of 35% hydrochloric acid was added, and 200 ml of
water poured, followed by stirring at the boiling point for 2 hours. Thereafter, the solution was cooled to 5°C, to which a
solution of 0.2 mol ammonium persulfate in 100 ml water was added dropwise at a reaction temperature of 0 to 5°C.
After the completion of dropwise addition, stirring was continued for a further 24 hours at a reaction temperature of 0 to
5°C. At the end of reaction, the product was poured into a large volume of acetone, washed and filtered. This operation
was repeated until the filtrate became colorless.
[0047] By GPC and IR, the polymer thus obtained was identified to be the end compound.

IR: 3350 cm-1 (νNH), 1320 cm-1 (νCN), 1220 cm-1 (νCO), 820 cm-1 (1,4-substituted benzene)
GPC: number average molecular weight 2,700 polydispersity index (Mw/Mn) 8.35 (measurement conditions: eluent
DMF, flow rate 1.0 ml/min, polystyrene basis, column KD805 by Showa Denko Co., Ltd.)

[0048] The resulting polymer, 2 g, was dissolved in 98 g of N,N-dimethylformamide solvent, to which 0.015 mol (3.44
g) of camphorsulfonic acid was added as a dopant, followed by stirring for one day at room temperature. The varnish
thus obtained was passed through a 0.2-micron filter to remove the insoluble.
[0049] An electroluminescent device was fabricated as follows under such conditions that a thin film was formed from
the varnish to a thickness of 100 Å by a spin coating technique.
[0050] ITO-deposited glass was available from Sanyo Electric Co., Ltd. and had an ITO thickness of 1000 Å. This
substrate was subjected to ultrasonic cleaning with acetone and isopropyl alcohol and then to ozone treatment. To the
thus treated substrate, the varnish was spin coated to form a thin film of 100 A thick. On the substrate, TPD, Alq, and
MgAg were formed by vacuum evaporation to a thickness of 400 Å, 600 Å, and 2000 Å, respectively.
[0051] The thus fabricated device was measured for light emission performance by applying a voltage. FIG. 1 illustrates
the dependence of emission luminance on voltage, and FIG. 2 illustrates the voltage versus current density.

Example 2

[0052] To 0.2 mol (27.4 g) of o-phenetidine, 30.86 g (0.3 mol) of 35% hydrochloric acid was added, and 200 ml of
water poured, followed by stirring at the boiling point for 2 hours. Thereafter, the solution was cooled to 5°C, to which a
solution of 0.2 mol ammonium persulfate in 100 ml water was added dropwise at a reaction temperature of 0 to 5°C.
After the completion of dropwise addition, stirring was continued for a further 24 hours at a reaction temperature of 0 to
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5°C. At the end of reaction, the product was poured into a large volume of acetone, washed and filtered. This operation
was repeated until the filtrate became colorless.
[0053] By GPC and IR, the polymer thus obtained was identified to be the end compound.

IR: 3350 cm-1 (νNH), 1320 cm-1 (νCN), 1220 cm-1 (νCO), 820 cm-1 (1,4-substituted benzene)
GPC: number average molecular weight 2,700 polydispersity index (Mw/Mn) 8.35 (measurement conditions: eluent
DMF, flow rate 1.0 ml/min, polystyrene basis, column KD805 by Showa Denko Co., Ltd.)

[0054] The resulting polymer, 2 g, was dissolved in 98 g of N,N-dimethylformamide solvent, to which 0.03 mol (6.88
g) of camphorsulfonic acid was added as a dopant, followed by stirring for one day at room temperature. The varnish
thus obtained was passed through a 0.2-micron filter to remove the insoluble.
[0055] Using the varnish, an electroluminescent device was fabricated as in Example 1.
[0056] Specifically, ITO-deposited glass was available from Sanyo Electric Co., Ltd. and had an ITO thickness of 1000
Å. This substrate was subjected to ultrasonic cleaning with acetone and isopropyl alcohol and then to ozone treatment.
To the thus treated substrate, the varnish was spin coated to form a thin film of 100 A thick. On the substrate, TPD, Alq,
and MgAg were formed by vacuum evaporation to a thickness of 400 Å, 600 Å, and 2000 Å, respectively.
[0057] The thus fabricated device was measured for light emission performance by applying a voltage. FIG. 1 (no. 2)
illustrates the dependence of emission luminance on voltage, and FIG. 2 illustrates the voltage versus current density.

Example 3

[0058] To 0.2 mol (27.4 g) of o-phenetidine, 30.86 g (0.3 mol) of 35% hydrochloric acid was added, and 200 ml of
water poured, followed by stirring at the boiling point for 2 hours. Thereafter, the solution was cooled to 5°C, to which a
solution of 0.2 mol ammonium persulfate in 100 ml water was added dropwise at a reaction temperature of 0 to 5°C.
After the completion of dropwise addition, stirring was continued for a further 24 hours at a reaction temperature of 0 to
5°C. At the end of reaction, the product was poured into a large volume of acetone, washed and filtered. This operation
was repeated until the filtrate became colorless.
[0059] By GPC and IR, the polymer thus obtained was identified to be the end compound.

IR: 3350 cm-1 (νNH), 1320 cm-1 (νCN), 1220 cm-1 (νCO), 820 cm-1 (1,4-substituted benzene)
GPC: number average molecular weight 2,700 polydispersity index (Mw/Mn) 8.35 (measurement conditions: eluent
DMF, flow rate 1.0 ml/min, polystyrene basis, column KD805 by Showa Denko Co., Ltd.)

[0060] The resulting polymer, 2 g, was dissolved in 98 g of N,N-dimethylformamide solvent, to which 0.015 mol (3.27
g) of 5-sulfosalicylic acid was added as a dopant, followed by stirring for one day at room temperature. The varnish thus
obtained was passed through a 0.2-micron filter to remove the insoluble. At the same time, varnishes were prepared by
adding 0.03 mol of 5-sulfosalicylic acid and 0.045 mol of 5-sulfosalicylic acid, and similarly evaluated.
[0061] Using the varnish, a thin film was formed by a spin coating technique.
[0062] Specifically, ITO-deposited glass was available from Sanyo Electric Co., Ltd. and had an ITO thickness of 1000
Å. This substrate was subjected to ultrasonic cleaning with acetone and isopropyl alcohol and then to ozone treatment.
To the thus treated substrate, the varnish was spin coated to form a thin film of 100 A thick. On the substrate, TPD, Alq,
and MgAg were formed by vacuum evaporation to a thickness of 400 Å, 600 Å, and 2000 Å, respectively.
[0063] The thus fabricated device was measured for light emission performance by applying a voltage. FIG. 3 illustrates
the dependence of emission luminance on voltage, and FIG. 4 illustrates the voltage versus current density.

Comparative Example 1

[0064] For comparison purposes, device structures of ITO/TPD/Alq/MgAg were measured for emission performance.
The respective layers other than ITO were formed by vacuum evaporation. FIG. 5 illustrates the dependence of emission
luminance on voltage, and FIG. 6 illustrates the voltage versus current density.
[0065] In FIGS. 1 to 6, Nos. 1 to 5 represent the results of electroluminescent devices of cathode/auxiliary carrier
transporting layer/hole transporting layer/light emitting material layer/anode construction, and No. 6 represents the results
of an electroluminescent device of cathode/hole transporting layer/light emitting material layer/anode construction. The
respective layers were composed of the following components.

Cathode: indium tin oxide
Auxiliary carrier transporting layer:
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the above-prepared poly(o-phenetidine)
No. 1: o-phenetidine/camphorsulfonic acid = 1/1
No. 2: o-phenetidine/camphorsulfonic acid = 1/2
No. 3: o-phenetidine/5-sulfosalicylic acid = 1/1
No. 4: o-phenetidine/5-sulfosalicylic acid = 1/2
No. 5: o-phenetidine/5-sulfosalicylic acid = 1/3

Hole transporting layer:
N,N’-diphenyl-N,N’-bis(3-methylphenyl) (1,1’-bisphenyl)-4,4’-diamine
Light emitting material layer:
aluminum 8-hydroquinoline complex
Anode:
magnesium-silver alloy

Comparative Example 2

[0066] To 0.2 mol (18.6 g) of aniline was added 30.86 g (0.3 mol) of 35% hydrochloric acid. Then 200 ml of water was
poured to the solution, which was stirred at the boiling point for 2 hours. Thereafter, the solution was cooled to 5°C, to
which a solution of 0.2 mol ammonium persulfate in 100 ml water was added dropwise at a reaction temperature of 0
to 5°C. After the completion of dropwise addition, stirring was continued for a further 24 hours at a reaction temperature
of 0 to 5°C. At the end of reaction, the product was poured into a large volume of acetone, washed and filtered. This
operation was repeated until the filtrate became colorless.
[0067] By GPC and IR, the polymer thus obtained was identified to be the end compound.
[0068] The resulting polymer, 2 g, was dissolved in 98 g of N,N-dimethylformamide solvent, to which 0.015 mol (3.27
g) of 5-sulfosalicylic acid was added as a dopant, followed by stirring for one day at room temperature. An attempt was
made to pass the varnish thus obtained through a 0.2-micron filter to remove the insoluble, but failed. A thin film was
formed using the non-filtered varnish, finding asperities in excess of 2000 Å.
[0069] Using the varnish, an electroluminescent device was fabricated. Electrical shorts due to asperities in excess
of 2000 Å prevented evaluation of its performance.
[0070] As is evident from the above Examples, the electroluminescent device of the invention has a low drive voltage.

Claims

1. An electroluminescent device comprising, in the order specified:

an anode;
an auxiliary carrier transporting layer;
an electroluminescent organic layer assembly having a plurality of layers including a light-emitting material layer
and a hole-transporting layer, and wherein the layer closest to the anode is said hole transporting layer; and
a cathode;
said auxiliary carrier transporting layer containing an aromatic amine derivative comprising recurring units of
the following general formula (1) and having a number average molecular weight of 200 to 100,000:

wherein R1 to R4 each are independently hydrogen, or a substituted or unsubstituted organooxy group, excluding
the case where all R1 to R4 are hydrogen atoms at the same time, and n is a positive number of 2 to 3,000; and
wherein said light emitting material is one or more selected from the group consisting of metal complex compounds,
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oxathiazoles, triazoles, allylenes, and coumarins.

2. The electroluminescent device of claim 1 wherein said auxiliary carrier transporting layer is formed of a soluble,
electrically conductive compound in which said aromatic amine derivative forms a salt with an electron accepting
dopant.

3. The electroluminescent device of claim 2 wherein the electron accepting dopant is selected from the group consisting
of a Lewis acid, protonic acid, transition metal compound, electrolyte salt and halide.

4. The electroluminescent device of claim 3 wherein said dopant is 5-sulfosalicylic acid.

5. The electroluminescent device of any preceding claim wherein said metal complex compound is tris(8-hydroxyqui-
noline)aluminium or tris(5-cyano-8-hydroxyquinoline)aluminium.

6. The electroluminescent device of any preceding claim wherein said hole-transporting layer comprises tertiary aro-
matic amines.

7. The electroluminescent device of any preceding claim wherein said auxiliary carrier transporting layer is formed
from a composition containing said aromatic amine derivative and an amide solvent.

8. A method of forming an electroluminescent device according to any preceding claim including the steps of: forming
a varnish which is a solution of said aromatic amine derivative in an organic solvent, said varnish being a uniform
medium; applying the varnish onto a substrate; and evaporating off the solvent to leave a coating of the aromatic
amine derivative on the substrate.

9. A method according to claim 8 wherein the organic solvent is an amide solvent.

10. A method according to claim 9 wherein the amide solvent is N,N-dimethylformamide.

11. A method according to claim 10 wherein the varnish is a 5-7% solution by weight.

Patentansprüche

1. Elektrolumineszierende Vorrichtung, umfassend, in der angegebenen Reihenfolge:

eine Anode;
eine Hilfsträger-Transportschicht;
eine elektrolumineszierende organische Schichtanordnung aus einer Vielzahl von Schichten, einschließlich
einer lichtemittierenden Materialschicht und einer Loch-Transportschicht, und wobei die Schicht, die der Anode
am nächsten ist, eine Loch-Transportschicht ist; und
eine Kathode;
wobei die Hilfsträger-Transportschicht, die ein aromatisches Aminderivat enthält, Grundeinheiten der folgenden
allgemeinen Formel (1) umfasst und ein zahlenmittleres Molekulargewicht von 200 bis 100.000 aufweist:

worin R1 bis R4 jeweils unabhängig Wasserstoff oder eine substituierte oder unsubstituierte Organooxy-Gruppe
sind, mit Ausnahme des Falles, in dem alle R1 bis R4 gleichzeitig Wasserstoffatome sind, und n eine positive Zahl
von 2 bis 3000 ist; und worin das lichtemittierende Material eines oder mehrere, ausgewählt aus der aus Metall-
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komplexverbindungen, Oxathiazolen, Triazolen, Allylenen und Coumarinen bestehenden Gruppe sind.

2. Elektrolumineszierende Vorrichtung nach Anspruch 1, wobei die Hilfsträger-Transportschicht aus einer löslichen,
elektrisch leitfähigen Verbindung gebildet ist, in der das aromatische Aminderivat mit einem elektronenakzeptieren-
den Dotiermittel ein Salz bildet.

3. Elektrolumineszierende Vorrichtung nach Anspruch 2, wobei das elektronenakzeptierende Dotiermittel aus der aus
einer Lewis-Säure, einer Protonensäure, einer Übergangsmetallverbindung, einem Elekrolytsalz und einem Halo-
genid bestehenden Gruppe ausgewählt ist.

4. Elektrolumineszierende Vorrichtung nach Anspruch 3, wobei das Dotiermittel 5-Sulfosalicylsäure ist.

5. Elektrolumineszierende Vorrichtung nach einem der vorangegangenen Ansprüche, wobei die Metallkomplexver-
bindung Tris(8-hydroxychinolin)aluminium oder Tris(5-cyano-8-hydroxychinolin)aluminium ist.

6. Elektrolumineszierende Vorrichtung nach einem der vorangegangenen Ansprüche, wobei die Loch-Transportschicht
tertiäre aromatische Amine umfasst.

7. Elektrolumineszierende Vorrichtung nach einem der vorangegangenen Ansprüche, wobei die Hilfsträger-Transport-
schicht aus einer Zusammensetzung gebildet ist, die das aromatische Aminderivat und ein Amidlösungsmittel enthält.

8. Verfahren zur Bildung einer elektrolumineszierenden Vorrichtung nach einem der vorangegangenen Ansprüche,
umfassend die folgenden Schritte: Bilden eines Lacks, der eine Lösung des aromatischen Aminderivats in einem
organischen Lösungsmittel ist, wobei der Lack ein einheitliches Medium ist; Aufbringen des Lacks auf ein Substrat;
und Abdampfen des Lösungsmittels, um eine Beschichtung aus dem aromatischen Aminderivat auf dem Substrat
zu hinterlassen.

9. Verfahren nach Anspruch 8, wobei das organische Lösungsmittel ein Amidlösungsmittel ist.

10. Verfahren nach Anspruch 9, wobei das Amidlösungsmittel N,N-Dimethylformamid ist.

11. Verfahren nach Anspruch 10, wobei der Lack eine 5- bis 7%ige (Gew.-%) Lösung ist.

Revendications

1. Dispositif électroluminescent comprenant, dans l’ordre indiqué :

une anode ;
une couche de transport de porteurs auxiliaire ;
un assemblage de couches organiques électroluminescentes ayant une pluralité de couches comprenant une
couche de matériau luminescent et une couche de transport de trous, la couche la plus proche de l’anode étant
ladite couche de transport de trous ; et
une cathode ;
ladite couche de transport de porteurs auxiliaire contenant un dérivé d’amine aromatique comprenant des motifs
récurrents de formule générale (1) qui suit et ayant une masse moléculaire moyenne en nombre de 200 à 100
000 :
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dans laquelle chacun de R1 à R4 est indépendamment l’hydrogène, ou un groupe organoxy substitué ou non
substitué, à l’exclusion du cas où tous les R1 à R4 sont des atomes d’hydrogène en même temps, et n est un nombre
positif de 2 à 3000 ; et
dans lequel ledit matériau luminescent est un ou plusieurs choisis dans l’ensemble constitué par les composés
complexes métalliques, les oxathiazoles, les triazoles, les allylènes, et les coumarines.

2. Dispositif électroluminescent selon la revendication 1, dans lequel ladite couche de transport de porteurs auxiliaire
est formée d’un composé électriquement conducteur soluble dans lequel ledit dérivé d’amine aromatique forme un
sel avec un dopant accepteur d’électrons.

3. Dispositif électroluminescent selon la revendication 2, dans lequel le dopant accepteur d’électrons est choisi dans
l’ensemble constitué par un acide de Lewis, un acide protonique, un composé de métal de transition, un sel élec-
trolytique, et un halogénure.

4. Dispositif électroluminescent selon la revendication 3, dans lequel ledit dopant est l’acide 5-sulfosalicylique.

5. Dispositif électroluminescent selon l’une quelconque des revendications précédentes, dans lequel ledit composé
complexe métallique est le tris(8-hydroxyquinoline)aluminium ou le tris(5-cyano-8-hydroxyquinoline)aluminium.

6. Dispositif électroluminescent selon l’une quelconque des revendications précédentes, dans lequel ladite couche de
transport de trous comprend des amines aromatiques tertiaires.

7. Dispositif électroluminescent selon l’une quelconque des revendications précédentes, dans lequel ladite couche de
transport de porteurs auxiliaire est formée à partir d’une composition contenant ledit dérivé d’amine aromatique et
un solvant de type amide.

8. Procédé pour former un dispositif électroluminescent selon l’une quelconque des revendications précédentes, com-
prenant les étapes consistant à : former un vernis qui est une solution dudit dérivé d’amine aromatique dans un
solvant organique, ledit vernis étant un milieu uniforme ; appliquer le vernis sur un substrat ; et chasser le solvant
par évaporation pour laisser un revêtement du dérivé d’amine aromatique sur le substrat.

9. Procédé selon la revendication 8, dans lequel le solvant organique est un solvant de type amide.

10. Procédé selon la revendication 9, dans lequel le solvant de type amide est le N,N-diméthylformamide.

11. Procédé selon la revendication 10, dans lequel le vernis est une solution à 5 à 7 % en poids.
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