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EP 1 748 681 B1
Description
Technical Field

[0001] The present invention relates to a compound and a device, suitable to an organic electroluminescence (EL)
device which is a self-luminescent device suitable to various display devices, and particularly the invention relates to an
arylamine compound having a molecular weight of from 1500 to 6000, and an organic EL device using the compound.

Background Art

[0002] Because an organic EL device is a self-luminescent device, it is luminous, excellent in visibility, and capable
of giving clear display, as compared with a liquid crystal device. Therefore, active investigations have been made.
[0003] C.W. Tang et al. of Eastman Kodak Company developed a two-layer type laminated structure element in 1987,
and this enabled an organic EL device using an organic substance to be put into practical use. They laminated an
electron transporting fluorescent substance and a hole transporting organic substance, and injected both charges in a
layer of the fluorescent substance to make the layer emit, thereby making it possible to attain high luminance of 1,000
cd/m2 or more at a voltage of 10V or lower (for example, see Patent Document 1 and Patent Document 2).

Patent Document 1: JP-A-8-48656
Patent Document 2: Japanese Patent No. 3194657

[0004] From differences in process of device preparation and characteristics of materials, organic EL devices are
classified into a deposition type device using a low molecular weight material and a coating type device mainly using a
high molecular weight material.

[0005] The deposition type device requires a vacuum deposition apparatus for film formation. The coating type device
easily conducts film formation by applying a coating liquid to a substrate, and removing a solvent in the coating liquid,
so that the production process is simple, and the production can be carried out at low cost. Coating can be conducted
with an ink jet method, a spray coating method or a printing method, and expensive facilities are not necessary for the
production.

[0006] General materials used in the preparation of the coating type device were polymer materials such as poly(1,4-
phenylenevinylene) (hereinafter referred to as PPV) (for example, see Non-Patent Document 1).

[0007] Non-Patent Document 1: Applied Physics Letters 71-1, page 34 (1997)

[0008] An organic EL device is investigated in which the role of two layers is further finely divided, and separately from
an emission layer, a hole injecting layer, a hole transporting layer and an electron transporting layer are provided. As
hole injecting or transporting materials for the preparation of the hole injecting layer or the hole transporting layer by
coating, poly(ethylenedioxythiophene)/poly(styrenesulfonate) (hereinafter referred to as PEDOT/PSS) is widely used
(for example, see Non-Patent Document 2).

[0009] Non-Patent Document 2: Optical Materials 9 (1998) 125

[0010] However,the PEDOT/PSS coatingliquid is an aqueous gel dispersion hydrated with PSS, to which the molecular
chain of PEDOT gives ionic interaction, and is therefore an acidic aqueous solution. For this reason, there is the difficulty
on use such that the coating liquid corrodes a coating or printing apparatus such as an ink jet ejection head.

[0011] Further, it is pointed out that PSS in the coating film adversely affects an anode, and water used in the coating
liquid remains in the device, leading to deterioration during driving. Additionally, it is said that a thiophene ring of PEDOT
is reduced by electron influx. Due to those difficulties, it is not considered that PEDOT/PSS is a sufficient hole injecting
and transporting material, and satisfactory device characteristics, particularly in durability, were not obtained.

[0012] On the other hand, as a hole injecting and transporting material in the deposition type device, copper phthalo-
cyanine, and MTDATA represented by the following formula:
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or its derivative (for example, see Patent Document 3) are proposed, but those cannot form a stable thin film by coating.
Patent Document: JP-A-4-308688

[0013] Further, to enhance durability of the organic EL device, it is considered to be good to use a compound having
good thin film stability. Compounds having higher amorphous property gives higher thin film stability, and a glass transition
point (Tg) is used as a measure of the amorphous property (for example, see Non-Patent Document 3).

[0014] Non-Patent Document 3: M & BE Association, Vol. 11, No. 1, pages 32-41, (2000), The Japan Society of
Applied Physics.

[0015] The documents JP2000-63335 and JP-8-259934 disclose organic electroluminescent devices with a hole-
transporting layer comprising arylamine compounds.

[0016] Itis considered that higher glass transition point (Tg) is better. However, glass transition point of MTDATA is
76°C, and it is not said that its amorphous property is high. Due to this, satisfactory device characteristics were not
obtained in durability of the organic EL device and also in emission efficiency due to hole injecting and transporting
characteristics.

Disclosure of the Invention
<Problems that the Invention is to Solve>

[0017] One object of the present invention is to provide a homogeneous compound having excellent hole injecting
and transporting properties and having excellent amorphous property as a material for an organic EL device of high
efficiency and high durability.

[0018] Another object of the present invention is to provide an organic EL device of high efficiency and high durability
using the compound.

[0019] As physical characteristics of a compound suitable for the present invention, there can be exemplified that (1)
it has high amorphous property and is suitable for film formation by coating, (2) it has excellent hole injecting ability, (3)
it has a hole transporting ability, and (4) it has a glass transition point of 150°C or higher, and is stable in a thin film state.
Further, as physical characteristics of a device suitable to the present invention, there can be exemplified that (1) film
formation can be conducted by coating, (2) its emission efficiency is high, (3) its maximum emission luminance is high,
and (4) a laminated device can be prepared by coating.

<Means for Solving the Problems>

[0020] To achieve the above objects, the present inventors have designed and chemically synthesized novel com-
pounds which are arylamine compounds having a molecular weight of from 1500 to 6000 and its derivative, experimentally
prepared various organic EL devices using the compounds, and closely investigated characteristic evaluation of the
devices, thereby leading to completion of the present invention.

[0021] Thatis, the above objects of the present invention have been achieved by providing an arylamine compound
having a molecular weight of from 1500 to 6000 as defined in claim 1, and an organic electroluminescence device
comprising a pair of electrodes, and at least one organic layer interposed therebetween, wherein the device contains
the compound as a constituent material of the at least one organic layer.

[0022] The organic EL device of the present invention has excellent hole injecting and transporting characteristics,
and can realize high efficiency and high durability due to use of an arylamine compound having a molecular weight of
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from 1500 to 6000 that forms a stable thin film.
<Advantage of the Invention>

[0023] The present invention relates to an arylamine compound having a molecular weight of from 1500 to 6000,
which is useful as a material of a thin film of a hole injecting layer or a hole transporting layer of an organic EL device,
and relates to an organic EL device prepared using the compound. By the present invention, emission efficiency and
durability of the conventional coating type organic EL device can remarkably be improved.

Brief Description of the Drawings
[0024]

Fig. 1 is a chart of TOF-MS.

Fig. 2 is an enlarged chart of TOF-MS.

Fig. 3 is a view showing the EL device structure of Example 8.

Fig. 4 is a view showing the EL device structure of Example 9.

Fig. 5 is a view showing the EL device structure of Example 10.

Fig. 6 is a view showing the EL device structure of Example 11.

Fig. 7 is a graph comparing the voltage/current density characteristics in Example 8 and Comparative Examples 1
and 2.

Fig. 8 is a graph comparing the voltage/luminance characteristics in Example 8 and Comparative Examples 1 and 2.
Fig. 9 is a graph comparing the current density/luminance characteristics in Example 8 and Comparative Examples
1 and 2.

Fig. 10 is a graph comparing the current density/current efficiency in Example 8 and Comparative Examples 1 and 2.

[0025] In the drawings, the reference numerals denote the followings.

: Glass substrate

: Transparent anode

: Hole injecting layer

: Hole transporting layer

: Layer serving as both emission layer and electron transporting layer
: Hole blocking layer

: Cathode

~NOoO O WN =

Best Mode for Carrying Out the Invention

[0026] The molecular weight of the arylamine compound and its derivative of the present invention is preferably from
1500 to 6000. The reasons that the lower limit of the molecular weight is thus defined in the present invention are that
when the molecular weight is smaller than 1500, a stable thin film cannot be formed by coating, and defect such as
crystallization occurs when driving the organic EL device prepared. On the other hand, the reason that the molecular
weight is 6000 or less is that compounds having different molecular weight by-produce, and it is difficult to separate
such compounds.

[0027] The arylamine compound having a molecular weight of from 1500 to 6000 of the present invention can be
synthesized by condensing an arylamine and an allyl halide through Ullmann reaction or the like.

[0028] The arylamine compounds according claim 1 and similar compounds not claimed are shown below.
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[0029] As shown in the above exemplified compounds, the "diarylamino structure-containing group" includes 4-(dia-
rylamino)phenyl group, and a group having a substituent on a part of a phenyl or phenylene group constituting 4-(diar-
ylamino)phenyl group. In the present specification, the "triphenylamine-like moiety structure" includes a triphenylamine
structure having a substituent and the terminal group that the compound of the above formula (4) or (6) has, as well as
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an unsubstituted triphenylamine structure.

[0030] Purification of the compound of the present invention was conducted by purification with column chromatog-
raphy, recrystallization or crystallization with a solvent, and the like. The compound could be purified up to a single
molecular species by column purification or the like. Structure of the compound was identified with an elementary analysis
or the like. One of the characteristics that the compound of present invention possesses is that regardless of a large
molecular weight, the compound is not a mixture of various molecular species like a polymer material, but is constituted
of a single molecular species.

[0031] The present inventors used a time-of-flight mass spectrometer (hereinafter referred to as TOF-MS) with which
a compound is ionized, and drifted in a potential difference space to detect, as means for demonstrating to be a single
molecular species. The analytical result using TOF-MS demonstrates homogeneity of the compound used in the present
invention. Because of being a single molecular species of high purity, carrier trap due to impurities, which is a factor of
durability deterioration of an organic EL device, is less, and it is suitable as an organic layer constituting an organic EL
device.

[0032] As physical property values of the compound, DSC measurement (Tg) and melting point measurement were
conducted. The melting point serves as a measure of deposition property, and the glass transition point (Tg) serves as
a measure of stability in a thin film state. The melting point and glass transition point were measured using a powder
with a differential scanning calorimeter, a product of MacScience.

[0033] Further, work function was measured by preparing a 100 nm thin film on an ITO substrate and using an
atmospheric photoelectron spectrometer AC2, a product of Riken Keiki Co., Ltd. The work function serves as a measure
of hole injecting ability.

[0034] With the compound of the present invention, a coating liquid can be prepared, and an organic EL device can
be prepared by forming a thin film by coating. For a solvent used to prepare the coating liquid, a solvent such as
cyclohexane, THF, trichloroethane or o-dichlorobenzene is suitable. To the coating liquid, a functional compound such
as a luminescent material or an electron transporting material can be mixed.

[0035] As a film-forming method using the coating liquid, coating methods such as a spin coating method, a casting
method, a microgravure method, a gravure coating method, a bar coating method, a roll coating method, a wire bar
coating method, a dip coating method, a spray coating method, a screen printing method, a flexo printing method, an
off-set printing method, and an ink-jet printing method can be used.

[0036] Thickness of the coating film can be selected such that driving voltage and durability of the organic EL device
are optimal. Such a thickness that at least pinholes do not generate is necessary. When the thickness is too thick, driving
voltage of the organic EL device increases, which is not preferred. Therefore, the thickness of the coating film is, for
example, from 1 nm to 1 wm, and preferably from 10 to 200 nm.

[0037] The structure of the organic EL device of the present invention includes a structure comprising, successively
on a substrate, an anode, a hole injecting layer, a hole transporting layer, a layer serving as both emission layer and
electron transporting layer, a hole blocking layer and a cathode, or a structure comprising, successively on a substrate,
an anode, a hole injecting layer, a hole transporting layer, an emission layer, a hole blocking layer, an electron transporting
layer, an electron injecting layer and a cathode. In those multilayered structures, by combining functions of several
organic layers, such as a structure comprising an anode, a layer serving as all of hole injecting layer/hole transporting
layer/emission layer/electron transporting layer, a hole blocking layer and a cathode, the number of the organic layers
can be reduced. Further, the organic EL device of the present invention may have a new functional layer other than the
above.

[0038] As the anode of the present invention, an electrode material having large wok function, such as ITO, NESA or
tin oxide, is used. As the hole injecting layer, a coating film of the arylamine compound of the present invention or a high
molecular weight material is used. By depositing a low molecular weight material on the coating film or laminating a high
molecular weight material thereon, a hole transporting layer, an emission layer and the like can be laminated. As the
examples of the high molecular weight material, PEDOT/PSS, a polymerizable polymer having a hole transporting
aromatic amine at a side chain or in a main chain, and the like are exemplified.

[0039] Further, a material such as copper phthalocyanine (hereinafter referred to as CuPc), starburst type triphe-
nylamine derivatives and naphthalene amine compounds, can be used through deposition.

[0040] Asthe holetransporting layer, as well as the arylamine compound of the present invention, benzidine derivatives
such as N,N’-diphenyl-N,N’-di(m-tolyl)benzidine (hereinafter referred to as TPD) and N,N’-diphenyl-N,N’-di(a-naphthyl)
benzidine (hereinafter referred to as NPD), and dimmer, trimer and tetramer of various triphenylamines can be used.
[0041] Astheemissionlayerorelectrontransporting layer of the presentinvention, a mixture of the arylamine compound
of the present invention and a luminescent material or an electron transporting material, or a mixture of a high molecular
weight material and an electron transporting material can be used. As the examples of the high molecular weight material,
polydialkylfluorene derivatives, poly(N-vinylcarbazole) (hereinafter referred to as PVK), polyaniline, polythiophene, poly
(p-phenylenevinylene), polysiloxane, and the like are exemplified. Further, electron transporting materials such as various
luminescent materials, carbazole derivatives, aluminum complexes of quinoline, oxazole derivatives, and the like can
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be used.

[0042] Further, by adding a luminescent material called a dopant, including a fluorescent dye such as quinacridone,
coumarin 6 or rubrene, or a phosphorescent material such as an iridium complex of phenylpyridine; or an electron
transporting material such as oxazole derivatives or triazole derivatives, to the emission layer, the performance of the
organic EL device of the present invention can be improved.

[0043] The organic EL device of the present invention may have a hole blocking layer or an electron injecting layer.
As the hole blocking layer, bathocu-proine, oxazole derivatives and the like can be used. As the electron injecting layer,
lithium fluoride and the like can be used. As the cathode of the present invention, an electrode material having small
work function, including metals such as magnesium, calcium or aluminum, and alloys of at least one of those metals
with silver, indium or the like is used.

<Examples>

[0044] The embodiment of the present invention is specifically described below by the Examples, but the invention is
not limited to the following Examples so long as not exceeding its gist.

Example 1 not according to the invention
(Synthesis of 4,4’,4"-tris[N,N-bis(4’-diphenylaminobiphenyl- 4-yl)Jtriphenylamine (hereinafter referred to as TPA-9) (2))

[0045] 12.4 g of acetamide, 45.0 g of 4-iodo-4’-diphenylaminobiphenyl, 20.9 of potassium carbonate, 2.0 g of copper
powder, 1.1 g of sodium hydrogensulfite and 15 ml of diphenyl ether were reacted at 210°C for 10 hours under a nitrogen
atmosphere while stirring. After completion of the reaction, 400 ml of toluene was added, followed by stirring for 1 hour.
The mixture was heat filtered, and the filtrate was condensed to obtain crude crystals of an acetylated form. 220 ml of
isopropyl alcohol and 11.8 g of potassium carbonate were added to the crude crystals, followed by refluxing for 7 hours.
The reaction liquid was condensed to obtain a crude product of a deacetylated form. The dried crude product was purified
by column chromatography to obtain 11.6 g of a white powder of N,N-bis(4’-diphenylaminophenyl-4-yl)amine.

[0046] 1.00 g of N,N-bis(4’-diphenylaminophenyl-4-yl)amine, 0.23 g of tris(4-bromophenyl)amine, 0.26 g of sodium
tertiary butoxide, 0.02 g of palladium (Il) acetate and 0.003 g of sodium hydrogensulfite were added to 7 ml of dehydrated
toluene, followed by heating, and under reflux, a solution of tri tertiary butyl phosphine dissolved in 3 ml of dehydrated
toluene was added to react for 4 hours.

[0047] After completion of the reaction, 60 ml of toluene was added, followed by stirring for 1 hour. The mixture was
heat filtered. After allowing to stand to cool, precipitates in the filtrate were again filtered to obtain a crude product. The
dried crude product was purified with column chromatography (carrier: silica gel, eluting solution: chloroform/hexane=5/3)
to obtain 0.33 g (yield 31%) of TPA-9.

[0048] Afterthe purification, chemical structure of the white powder obtained was identified with an elementary analysis.
The results of the elementary analysis were as follows.

Theoretical value (carbon 88.17%) (hydrogen 5.94%) (nitrogen 6.35%)
Found value (carbon 87.85%) (hydrogen 5.98%) (nitrogen 6.17%)

[0049] The identified compound was analyzed using MALDI-TOF-MS (Perspective Biosystem Inc., Shinshu University,
Faculty of Textile Science & Technology, Department of Functional Polymer Science) which is a mass analyzer. The
measurement results of TOF-MS were shown in Fig. 1, and its enlarged view was shown in Fig. 2.

[0050] From the results of TOF-MS, it was confirmed that TPA-9 is isotopes having a single chemical structure, that
have molecular weights of 2206, 2207, 2205, 2208, 2210 and the like. From the above result, itis apparent that regardless
of having high molecular weight of 1500 or higher, the compound of the present invention has high purity and is homo-
geneous.

Example 2 not according to the invention

(Synthesis of 4,4’,4"-tris[N,N-bis(4’-diphenylamino-3,3’-dimethylbiphenyl-4-yl)Jtriphenylamine (hereinafter referred to as
DM-TPA-9) (3))

[0051] 10 g of N,N-bis(4’-diphenylamino-3,3’-dimethylbiphenyl-4-yl)amine, 2.18 g of tris(4-bromophenyl)amine, 2.6 g
of tertiary butoxysodium and 0.015 g of palladium (Il) acetate were added to 150 ml of dehydrated toluene, followed by
heating at 60°C, and 0.055 g of tri tertiary butyl phosphine was added to react at 95°C for 11 hours.

[0052] After completion of the reaction, 100 ml of toluene was added, followed by stirring for 1 hour. The mixture was
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allowed to stand to cool to 45°C, and heat filtered. The filtrate was condensed to obtain 19 g of a crude product. The
dried crude product was purified with column chromatography (carrier: silica gel, eluting solution: chloroform/hexane=1/1)
to obtain 3.53 g (yield 32%, melting point 220.0-222.5 °C) of DM-TPA-9.

Example 3 not according to the invention

(Synthesis of 4,4’,4"-tris{N,N-bis[4’-(carbazol-9-yl)-biphenyl-4-yllamino}triphenylamine (hereinafter referred to as CZ-
TPA-9) (4))

[0053] 10 g of N,N-bis[4’-(carbazol-9-yl)biphenyl-4-yl)]Jamine, 2.4 g of tris(4-bromophenyl)amine, 2.85 g of tertiary
butoxysodium and 0.017 g of palladium (Il) acetate were added to 200 ml of dehydrated toluene, followed by heating at
60°C, and 0.06 g of tri tertiary butyl phosphine was added to react at 95°C for 12 hours.

[0054] After completion of the reaction, 100 ml of toluene was added, followed by stirring for 1 hour. The mixture was
allowed to stand to cool to 45°C, and heat filtered. The filtrate was condensed to obtain 33 g of a crude product. The
dried crude product was introduced in 200 ml of toluene, followed by reflux stirring for 1 hour and then filtration. The
residue was dissolved in 200 ml of THF, and insoluble content was removed by filtration. The filtrate was added dropwise
to 300 ml of methanol to precipitate crystals, and 2.55 g (yield 24%, melting point 249.5-252.0°C) of CZ-TPA-9 was
obtained.

Example 4

(Synthesis of 1’, (1), (1’)"-tris[N,N-bis(4’-diphenylamino- biphenyl-4-yl)amino]-tris-4,4’-biphenylamine (hereinafter re-
ferred to as BP-TPA-9) (5))

[0055] 3.6 g of N,N-bis(4’-diphenylaminobiphenyl-4-yl)-4-bromoaniline, 0.5 g of triphenylamine-4,4’,4"-boric acid and
2.6 ml of 2M sodium carbonate were added to 50 ml of dehydrated toluene, and 0.023 g of tetrakis(triphenylphosphine)
palladium (0) was added under a nitrogen stream to react at 85°C for 96 hours.

[0056] After completion of the reaction, 100 ml of toluene was added, and the mixture was stirred at 80°C for 1 hour,
and then allowed to stand to cool to 45°C. The reaction liquid was transferred to a separatory funnel. A toluene layer
was washed with water, and transferred to an eggplant flask. A solvent was condensed 30 ml to precipitate crystals.
The crystals were filtered off, and the resulting crude product was dissolved in 30 ml of THF. 60 ml of toluene was added
dropwise at room temperature to precipitate crystals, thereby obtaining 0.42 g (yield 12.7%, melting point 222.0-225.0°C)
[0057] A white powder purified by repeating crystallization further two times was subjected to an elemental analysis
to identify the chemical structure. The results of the elementary analysis were as follows.

Theoretical value (carbon 88.78) (hydrogen 5.46%) (nitrogen 5.75%)
Found value (carbon 89.09%) (hydrogen 5.74%) (nitrogen 5.68%)

Example 5

[0058] Regardingthe compound BP-TPA-9 of the presentinvention and MTDATA, a glass transition point was obtained
by a differential scanning calorimeter (a product of MacScience). The measurement results were as follows, and it was
confirmed that compound BP-TPA-9 of the presentinvention and similar compounds have remarkably high glass transition
points.

TPA-9 Glass transition point: 188°C
DM-TPA-9  Glass transition point: 173°C
CZ-TPA-9  Glass transition point: 221°C
BP-TPA-9  Glass transition point: 204°C
MTDATA Glass transition point: 76°C

Example 6

[0059] TPA-9 (2) not according to the invention was dissolved in 1,1,2-trichloroethane in a concentration of 2 mass%,
and the resulting coating liquid was applied to an ITO substrate by a spin coating method, and dried in a vacuum oven
at 100°C to form a hole injecting layer of about 20 nm. It was observed by a polarizing microscope observation that the
compound of the synthesis example of the present invention forms a thin film that is homogeneous, and does not have
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a defect.
Example 7

[0060] Regarding thin films of the compound BP-TPA-9 of the present invention and similar compounds, prepared by
coating, work function was measured with an atmospheric photoelectron spectrometer (a product of Riken Keiki Co.,
Ltd., AC2). The measurement results are shown below.

TPA-9 Work function: 5.06 eV
DM-TPA-9  Work function: 5.07 eV
CZ-TPA-9  Work function: 5.26 eV
BP-TPA-9  Work function: 5.21 eV

[0061] From the above results, it can be considered that the thin film prepared using the compound used in the organic
EL device of the present invention has an energy level appropriate as a hole injecting and transporting layer.

Example 8 not according to the invention

[0062] An organic EL device was prepared by successively laminating a hole injecting layer 3, a hole transporting
layer 4, a layer serving as both emission layer and electron transporting layer 5 and a cathode (aluminum magnesium
electrode) 7, on an ITO electrode previously formed as a transparent anode 2 on a glass substrate 1, as shown in Fig. 3.
[0063] The glass substrate 1 having ITO of 150 nm film thickness formed thereon was washed with an organic solvent,
and then subjected to an oxygen plasma treatment to clean the surface.

[0064] A coating liquid of TPA-9 (2) dissolved in 1,1,2-trichloroethane was applied to the ITO substrate by a spin
coating method, and dried in a vacuum oven at 100°C to form the hole injecting layer 3 of about 20 nm thickness. This
was fitted in a vacuum deposition apparatus, and pressure was reduced to 0.001 Pa or lower.

[0065] Subsequently, as the hole transporting layer 4, TPD was formed in about 30 nm at a deposition rate of 0.6 As.
Next, as the layer serving as both emission layer and electron transporting layer 5, Alq was formed in about 50 nm at a
deposition rate of 0.6 A/s. The above depositions each were continuously conducted without breaking vacuum. Finally,
a mask for cathode deposition was inserted, and an alloy of MgAg was deposited in about 200 nm at a ratio of 10:1 to
form the cathode 7. The device prepared was stored in a vacuum desiccator, and characteristic measurement was
conducted at ordinary temperature in the atmosphere.

[0066] Characteristics of the organic EL device of the present invention thus formed were evaluated by emission
luminance in the case of loading a current density of 400 mA/cm?2, emission efficiency defined by emission luminance/
voltage, and the maximum luminance before breakthrough when increasing current density load. The maximum lumi-
nance measured by this method reflects electrical stability of a device, and is therefore a measure of durability of the
organic EL device.

[0067] When current density of 400 mA/cm?2 was loaded to the organic EL device, a stable green emission of 25000
cd/m2. was obtained. Emission efficiency at this luminance was high efficiency of 5.10 cd/A. Device voltage at this time
was 14.0 v. When load was further increased, the maximum luminance showed 21000 cd/m?2, and the device deteriorated.

Comparative Example 1

[0068] For the sake of comparison, the material of the hole injecting layer 3 was replaced with MTDATA, and its
characteristic was examined. Because MTDATA could not prepare a thin film which is homogeneous and does not have
defect, by coating, a thin film was prepared by deposition. That is, an ITO substrate was fitted in a vacuum deposition
apparatus, pressure was reduced to 0.001 Pa or lower, and as the hole injecting layer 3, MTDATA was formed in about
20 nm at a deposition rate of 0.6 A/s. Subsequently, similar to Example 5, the hole transporting layer, the layer serving
as both emission layer and electron transporting layer, and the cathode were all formed by deposition. The above
depositions each were continuously conducted without breaking vacuum.

[0069] When current density of 400 mA/cm?2 was loaded to the organic EL device using MTDATA, a stable green
emission of 15300 cd/m2 was obtained. Emission efficiency at this luminance was 3.90 cd/A. Device voltage at this time
was 14.8 V. When load was further increased, the maximum luminance showed 16000 cd/m2, and the device deteriorated.

Comparative Example 2

[0070] For further sake of comparison, the material of the hole injecting layer 3 was replaced with copper phthalocy-
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anine, and its characteristic was examined. In place of MTDATA in Comparative Example 1, purified copper phthalocy-
anine was formed in about 20 nm at a deposition rate of 4 nm/min. Subsequently, similar to Comparative Example 1, a
device was prepared.

[0071] When current density of 400 mA/cm? was loaded to the organic EL device using copper phthalocyanine, a
stable green emission of 16200 cd/m?2 was obtained. Emission efficiency at this luminance was 4.12 cd/A. Device voltage
at this time was 12.4 V. When load was further increased, the maximum luminance showed 18000 cd/m?2, and the device
deteriorated.

[0072] From the above results, it is apparent that emission efficiency and durability of the organic EL device of the
present invention are superior to the conventional EL device.

Example 9 not according to the invention

[0073] An organic EL device was prepared by successively laminating a layer serving as both hole injecting layer and
hole transporting layer 3 and 4, a layer serving as both emission layer and electron transporting layer 5 and a cathode
(aluminum magnesium electrode) 7, on an ITO electrode previously formed as a transparent anode 2 on a glass substrate
1, as shown in Fig. 4. The glass substrate 1 having ITO of 150 nm film thickness formed thereon was washed with an
organic solvent, and then subjected to an oxygen plasma treatment to clean the surface.

[0074] Similar to Example 8, TPA-9 (2) was applied to the ITO substrate by a spin coating method, and dried in a
vacuum oven to form the layer serving as both hole injecting layer and hole transporting layer 3 and 4 of about 50 nm
thickness. This was fitted in a vacuum deposition apparatus, and pressure was reduced to 0.001 Pa or lower. Next, as
the layer serving as both emission layer and electron transporting layer 5, Alqg was formed in about 50 nm at a deposition
rate of 0.6 A/s. Finally, a mask for cathode deposition was inserted, and an alloy of MgAg was deposited to form the
cathode 7.

[0075] When current density of 400 mA/cm2 was loaded to the organic EL device, a stable green emission of 8100
cd/m2 was obtained.

Example 10 not according to the invention

[0076] A device in which a hole blocking layer was laminated between the layer serving as both emission layer and
electron transporting layer 5 and the cathode (aluminum magnesium electrode) 7 was prepared, as shown in Fig. 5. An
organic EL device was prepared by laminating the layer serving as both hole injecting layer and hole transporting layer
3 and 4 and the layer serving as both emission layer and electron transporting layer 5 as the respective coating films,
and laminating the hole blocking layer 6 and the cathode thereon by deposition. That is, similar to Example 8, TPA-9
(2) was applied to the ITO substrate by a spin coating method, and dried in a vacuum oven to form the layer serving as
both hole injecting layer and hole transporting layer 3 and 4 of about 20 nm thickness.

[0077] Subsequently, a coating liquid of PVK (PVK, 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole (hereinafter
referred to as PBD) and coumarin 6 were dissolved in o-dichlorobenzene in the proportion of 10:3:0.2) was applied by
a spin coating method, and dried in a vacuum oven at 100°C to form the layer serving as both emission layer and electron
transporting layer 5 of about 70 nm. Next, bathocu-proine (hereinafter referred to as BCP) was deposited to form the
hole blocking layer 6. Finally, a mask for cathode deposition was inserted, and an alloy of MgAg was deposited to form
the cathode 7.

[0078] When current density of 300 mA/cm?2 was loaded to the organic EL device thus prepared, a stable green
emission of 2800 cd/m2 was obtained.

Example 11 not according to the invention

[0079] An organic EL device was prepared by forming a layer serving as all of hole injecting layer/hole transporting
layer/emission layer/electron transporting layer 3, 4 and 5 in a form of a coating film, on an ITO electrode previously
formed as a transparent anode 2 on a glass substrate 1, and laminating a hole blocking layer 6 and a cathode (aluminum
magnesium electrode) 7 by deposition, as shown in Fig. 6.

[0080] Subsequently, a coating liquid of TPA-9 (2) (PVK, PBD and coumarin 6 were dissolved in 1,1,2-trichloroethane
in the proportion of 10:3:0.2) was applied to the ITO substrate by a spin coating method, and dried in a vacuum oven at
100°C to form the layer serving as all of hole injection layer/hole transporting layer/emission layer/electron transporting
layer 3, 4 and 5. Next, BCP was deposited to form the hole blocking layer 6. Finally, a mask for cathode deposition was
inserted, and an alloy of MgAg was deposited to form the cathode 7.

[0081] When voltage of 6.3 V was loaded to the organic EL device, a stable green emission of 400 cd/m2 was obtained.
[0082] From the above results, it is apparent that emission characteristics and durability of the organic EL device
prepared using the arylamine compound of the present invention are superior to the conventional EL device.
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[0083] While the presentinvention has been described in detail and with reference to the specific embodiments thereof,
it will be apparent to one skilled in the art that various changes and modifications can be made therein without departing
from the spirit and scope thereof.

[0084] This application is based on Japanese Patent Application No. 2004-089836 filed March 25, 2004 and Japanese
Patent Application No. 2004-090334 filed March 25, 2004.

Industrial Applicability

[0085] The arylamine compound having a molecular weight of from 1500 to 6000 of the present invention has high
amorphous property, can form a thin film by coating, and is stable in a thin film state, and therefore is excellent as a
compound for an organic EL device. By preparing an organic EL device using a thin film obtained by coating the arylamine
compound of the present invention as a hole injecting layer or a hole transporting layer, emission efficiency and durability
of the conventional coating type organic EL device can remarkably be improved. For example, it became possible to
spread the application to home appliances or illumination.

Claims

1. An arylamine compound selected from the group consisting of compounds represented by the following formulae
(5), (6), (7), (8) and (10):
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2. An organic electroluminescence device comprising a pair of electrodes, and at least one organic layer interposed
therebetween, wherein the device contains a compound as defined in claim 1 as a constituent material of the at

EP 1748 681 B1

0T

Mg 550 50D

o Yo

least one organic layer.

Patentanspriiche

1.

Arylaminverbindung, ausgewahlt aus der Gruppe bestehend aus den durch die folgenden Formeln (5), (6), (7), (8)

und (10) dargestellten Verbindungen:
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2. Organische Elektrolumineszenzvorrichtung, umfassend ein Elektrodenpaar und mindestens eine dazwischen ein-
geschobene organische Schicht, wobei die Vorrichtung eine Verbindung, wie in Anspruch 1 definiert, als Bestand-
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teilmaterial der mindestens einen organischen Schicht enthait.

Revendications

1.

Composé d’arylamine choisi dans le groupe consistant en les composés représentés par les formules (5), (6), (7),

(8) et (10) suivantes :
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2. Dispositif électroluminescent organique comprenant une paire d’électrodes et au moins une couche organique
interposée entre elles, ou le dispositif contient un composé selon la revendication 1 comme matériau constitutif de
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la au moins une couche organique.
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FIG. 3

FIG. 4
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FIG. 5

FIG. 6
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FIG. 9

n

¥ LB L ¥

® EXAMPLE 8
X COMPARATIVE EXAMPLE 1 ®
O COMPARATIVE EXAMPLE 2

X
®

*&

|

&
0£9 - | 'l L [
0 100

200 300 400
CURRENT DENSITY (mA/cm?)

31

500

600



CURRENT EFFICIENCY (cd/A)

EP 1748 681 B1

CURRENT DENSITY (mA/cm2)

32

64 prT ! T T Y ] -
®
56 @ .
X ®
48 -
QO X Q o
4. O -
3.2 -W -
X
2.4 -2 -
16 -
® EXAMPLE 8 X
08 kR X COMPARATIVE EXAMPLE 1 i
' o COMPARATIVE EXAMPLE 2
0 L* § [ [ [l 3
0 100 200 300 400 500 600



EP 1748 681 B1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 8048656 A [0003]
* JP 3194657 B [0003]
* JP 4308688 A[0012]
» JP 2000063335 A [0015]

Non-patent literature cited in the description

* Applied Physics Letters, 1997, vol. 71-1, 34 [0007]
e Optical Materials, 1998, vol. 9, 125 [0009]

33

JP 8259934 A [0015]
JP 2004089836 A [0084]
JP 2004090334 A [0084]

M & BE Association. The Japan Society of Applied
Physics, 2000, vol. 11, 32-41 [0014]



patsnap

LT RBFROF) ERICEMMEH BB LY
DF(RE)F EP1748681B1 DF(E)A 2010-12-01
HiES EP2005727462 HiEA 2005-03-25
FRIEFB(ERPOAGR) FREACFET ALK&
E KEEAEMKRE
BB (TR AGER) HODOGAYA{tZHE R/ .
EMARE
LETERE (RN AGE) HODOGAYALZ AR TE.
[FR]&Z A A MIKI TETSUZO
TARUMOTO NAOHIRO
TANIGUCHI YOSHIO
ICHIKAWA MUSUBU
EBHA MIKI, TETSUZO
TARUMOTO, NAOHIRO
TANIGUCHI, YOSHIO
ICHIKAWA, MUSUBU
IPCH %5 HO05B33/22 C07C211/54 C07D209/86 C09K11/06 HO5B33/14
CPCH %5 CO09K11/06 C07C211/54 C07D209/86 CO9K2211/1014 HO1L2251/5384 HO5B33/14
£ £ 2004089836 2004-03-25 JP
2004090334 2004-03-25 JP
H T SCEk EP1748681A1
EP1748681A4
SAEREE$E Espacenet
FEGF)

AEARMHBERN (1) RTRND FEHN1500E6000MFRICEY : B
BARKSE  TREEFERNEICEANERISHEF BEB RN SR
LeY. RENSR, BEEAZILEY , TAEBERSENEVELS

Jeve

RS &

sUsarEs
<UNe


https://share-analytics.zhihuiya.com/view/3edc1efe-4d28-4f50-bb53-352249a7cfd3
https://worldwide.espacenet.com/patent/search/family/035056586/publication/EP1748681B1?q=EP1748681B1

