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Description
TECHNICAL FIELD
[0001] The present invention relates to an organic light-emitting device and a display apparatus.
BACKGROUND ART

[0002] The electroluminescent device is a self-emission type device and therefore has high visibility, is excellent in
display performance, can respond at a high speed, and can be reduced in thickness. Accordingly, the electroluminescent
device has been attracting attention as a display device such as a flat panel display.

[0003] Ofthe electroluminescentdevice, an organic light-emitting device using an organic compound as a light-emitting
body has, for example, such characteristics that the device can be driven at a lower voltage than a drive voltage of an
inorganic light-emitting device, the area of the device can be easily enlarged, and a desired emission color can easily
be obtained by selecting an appropriate coloring matter. Accordingly, the organic light-emitting device has been actively
developed as a next-generation display.

[0004] Here, as the process of producing an organic light-emitting device using an organic light-emitting body, there
are included a process involving producing a low-molecular-weight compound by a dry process such as vacuum evap-
oration, and a coating film formation process such as a spin coating method, a casting method, and an ink-jet method.
[0005] In a case of producing the device by the coating film formation process, the organic light-emitting device
produced by the coating film formation process (hereinafter, simply referred to as "coating organic light-emitting device")
has, for example, the following merits compared to the organic light-emitting device produced by the dry process:

(1) the device can be produced at low cost;
(2) the device can be increased in area easily; and
(3) the controllability of doping in a slight amount is excellent.

[0006] FIG. 9 is a cross-sectional view illustrating a general structure of a coating organic light-emitting device. An
organic light-emitting device 110 illustrated in FIG. 9 has an anode 101, a hole injection layer 102, a light-emitting layer
103, an electron injection layer 104, and a cathode 105 formed sequentially on a substrate 100.

[0007] In the organic light-emitting device 110 shown in FIG. 9, a mixture of polythiophene and polystyrene sulfonic
acid (PEDOT:PSS) is generally used as a constituent material of the hole injection layer 102, and the film is formed by
aspin coating method. Here, the mixture PEDOT:PSSis soluble in water and insoluble in an organic solvent. Accordingly,
even when the light-emitting layer 103 is formed by dissolving a constituent material of the light-emitting layer 103 in a
non-polar solvent and by coating the solution on the PEDOT:PSS film, the PEDOT:PSS film is not eluted. Therefore,
the PEDOT:PSS is regarded as a suitable hole injection material for production of a coating organic light-emitting device.
[0008] For the formation of the light-emitting layer 103, a polymer compound is mainly used. This is because the
polymer compound has high amorphous property and therefore hardly crystallizes as compared to a low-molecular
compound. Specific examples of the materials used include polymers such as polyvinyl carbazole (PVK) which is a
disconjugated polymer, polyphenylene vinylene (PPV) and polyfluorene (PF) which are n-conjugated polymers, and
derivatives thereof. In particular, the n-conjugated polymer is also referred to as "conductive polymer". The polymer
material which is a constituent material of the light-emitting layer 103 is formed into a solution, and then formed into a
film by a spin coating method, an inkjet method .

[0009] Next, the electron injection layer 104 composed of lithium fluoride and a metal electrode which becomes the
cathode 105 are sequentially formed on the light-emitting layer 103 by employing a vacuum evaporation method, whereby
an organic light-emitting device is completed.

[0010] Asdescribed above, the coating organic light-emitting device can be produced by a simple process. Accordingly,
the device is expected to find use in a wide variety of applications. However, the device involves such a problem to be
solved that the device does not have a sufficient lifetime.

[0011] Various assumptions have been made about the causes for the fact that the device does not have a sufficient
lifetime. One of the causes is considered to be difficulty in molecular weight control or purification of the polymer compound
as a constituent material of the light-emitting layer 103.

[0012] One possible approach to solving the above problem involves use of an oligomer material the molecular weight
control and purification of which can be easily performed as compared to a polymer material and which has higher
amorphous property as compared to a low-molecular material. The oligomer material is excellent in purity and coating
performance, and in addition, has high degree of freedom of material design, and various units such as a hole-transporting
part, an electron-transporting part, and a light-emitting part can be provided at desired parts. Accordingly, the widening
of the scope of material design is also included as a merit.
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[0013] As examples of the application of an oligomer material to an organic light-emitting device, there are included
applications disclosed in Advanced Material, S. W. Culligan et al., 2003, 15, No. 14, p 1176; J. Am. CHEM. SOC., A. L.
Kanibolotsky et al., 2004, 126, p 13695; and Tetrahedron. Lett., G. L. Feng etal., 2006, 47, p 7089 and Japanese Patent
Application Laid-Open No. 2003-055275.

[0014] In addition, another cause for the fact that the device does not have sufficient lifetime is considered to be that
a space where electric charge is readily accumulated (space charge layer) is generated at an interface between respective
layers and degrades the material.

[0015] The problem of space charge layer is solved by a well-known conventional technology, that is, by mixing a
polymer or a low-molecular compound each having an electron-transporting property or a hole-transporting property in
a polymer light-emitting layer to thereby improve the injectability of carriers into the light-emitting layer.

[0016] Meanwhile, the oligomer material is easily purified for achieving high purity compared to a polymer material
because of having no molecular weight distribution, with the result that the lifetime of the device can be lengthened.
However, it is realistic that the oligomer material has a molecular weight of about 10,000 or less from the viewpoint of
synthesis of the material. Here, the oligomer material having a molecular weight of about 10,000 or less hardly causes
crystallization or aggregation as compared to low-molecular materials and the stability of a film is improved. However,
there is a fear of posing problems such as crystallization or aggregation when compared to polymer materials.

[0017] On the other hand, there is known a conventional technology for lengthening the lifetime of the organic light-
emitting device by improving the carrier injectability as a result of mixing a plurality of materials in a light-emitting layer
for the purpose of appropriately adjusting a HOMO level, a LUMO level, an electron mobility, and a hole mobility. In the
case of the coating organic light-emitting device, there are known a polymer-polymer mixture type and a polymer-low
molecular compound mixture type. However, in the case of the polymer-polymer mixture type, it is necessary to consider
the compatibility of the polymer materials with each other, resulting in less choice of the polymers to be mixed. Accordingly,
the polymer-polymer mixture type is not generic method. In addition, in the case of the polymer-low molecular compound
mixture type, when the amount of the low-molecular material is increased, the low-molecular material will be crystallized
or aggregated, resulting in difficulty in uniform mixing with desired amounts.

[0018] Ahn J H et al., J. Mater. Chem. 2007, 17, 2996-3001 is directed at an organic light emitting device (OLED)
comprising an anode, a cathode and a light emitting layer comprising an organic compound.

[0019] Jiang C et al., Adv. Mater. 2004, 16, 537-541 is directed at OLEDs comprising an anode and a cathode inter-
posing a light-emitting layer comprising an organic compound.

[0020] Levermore, PAetal., J. Phys. D: Appy. Phys. 2007, 40, 1896-1901 is directed at OLEDs employing dendrimers
with fluorescent cores.

[0021] US2003/0039838 A1 (Chen et al.) relates to optical activity (chiral and/or achiral) and discloses a number of
oligofluorene compounds.

[0022] WOO03/080559 A1 (Saitoh et al.) discloses the use of the following compound in combination with an existing
polymer material.

[0023] Oliva, MM, et al., J. Phys. Chem. B 2007, 111, 4026-4035 relates to optical properties of Truxene compounds.
[0024] Feng, G-L et al., Tetrahedron Lett. 2006, 47, 7089-7092 relates to physical properties of Triazatruxene com-
pounds.

DISCLOSURE OF THE INVENTION

[0025] The present invention has been accomplished in view of the above-mentioned problems, and it is an object of
the present invention to provide an organic light-emitting device having a high emission efficiency and a long lifetime. It
is another object of the present invention to provide an organic light-emitting device that can be produced by a coating
process which is an easy and low cost process.

[0026] The organic light-emitting device of the present invention is defined according to claim 1.

[0027] According to the present invention, an organic light-emitting device having a high emission efficiency and a
long lifetime can be provided. In addition, according to the present invention, an organic light-emitting device capable
of being produced by a coating process which is easy and low cost can be provided.

[0028] Further features of the present invention will become apparent from the following description of exemplary
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embodiments with reference to the attached drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

FIG. 1 is a cross-sectional view illustrating an organic light-emitting device according to a first embodiment of the
present invention.

FIG. 2 is a cross-sectional view illustrating an organic light-emitting device according to a second embodiment of
the present invention.

FIG. 3 is a cross-sectional view illustrating an organic light-emitting device according to a third embodiment of the
present invention.

FIG. 4 is a schematic plan view illustrating a structural example of a display apparatus having an organic light-
emitting device of the present invention and a drive unit.

FIG. 5 is a circuit diagram illustrating a circuit which constitutes one pixel disposed in the display apparatus of FIG. 4.
FIG. 6 is a schematic cross-sectional view illustrating an example of a structure of a TFT substrate.

FIGS. 7A and 7B are optical microscope photographs of a light-emitting layer, and FIG. 7A is a photograph in a
case of Example 1 and FIG. 7B is a photograph in a case of Comparative Example 3.

FIGS. 8A and 8B are scanning electron microscope photographs of a light-emitting layer surface, and FIG. 8Ais a
photograph in the case of Example 1 and FIG. 8B is a photograph in the case of Comparative Example 1.

FIG. 9 is a cross-sectional view illustrating a general structure of a coating organic light-emitting device.

BEST MODE FOR CARRYING OUT THE INVENTION

[0030] Hereinafter, the present invention will be described in detail. However, the present invention is not limited by
the following description.

[0031] The organic light-emitting device of the present invention is constituted as defined in claim 1.

[0032] Hereinafter, the organic light-emitting device of the present invention will be described in detail with reference
to the accompanying drawings.

[0033] First, reference numerals used in the figures will be described.

[0034] An organic light-emitting device 10 includes a substrate 1, an anode 2, a hole injection layer 3, a light-emitting
layer 4, an electron injection layer 5, and a cathode 6. An organic light-emitting device 20 further includes a hole-
transporting layer 7 and an electron-transporting layer 8. An organic light-emitting device 30 further includes an electron-
blocking layer 9.

[0035] A display apparatus 40 includes a scanning signal driver 41, an information signal driver 42, a current supply
source 43, and pixel circuits 44 and 50.

[0036] A circuit 50 includes a first thin film transistor (TFT) 51, a capacitor (C,y44) 52, and a second thin film transistor
(TFT) 53.

[0037] A display apparatus 60 includes a substrate 61, a moisture resistant layer 62, a gate electrode 63, a gate
insulating film 64, a semiconductor film 65, a drain electrode 66, a source electrode 67, a TFT element 68, an insulating
film 69, a contact hole (through-hole) 70, an anode 71, an organic layer 72, a cathode 73, a first protective layer 74, and
a second protective layer 75. An organic light-emitting device 110 includes a substrate 100, an anode 101, a hole injection
layer 102, a light-emitting layer 103, an electron injection layer 104, and a cathode 105.

[0038] FIG. 1 is a cross-sectional view illustrating an organic light-emitting device according to a first embodiment of
the present invention. The organic light-emitting device 10 illustrated in FIG. 1 has the anode 2, the hole injection layer
3, the light-emitting layer 4, the electron injection layer 5, and the cathode 6 sequentially provided on the substrate 1.
[0039] FIG. 2 is a cross-sectional view illustrating an organic light-emitting device according to a second embodiment
of the present invention. The organic light-emitting device 20 illustrated in FIG. 2 is obtained by providing the hole-
transporting layer 7 between the hole injection layer 3 and the light-emitting layer 4 and providing the electron-transporting
layer 8 between the light-emitting layer 4 and the electron injection layer 5 in the organic light-emitting device 10 illustrated
in FIG. 1. By providing the hole-transporting layer 7 and the electron-transporting layer 8, the injectability of carriers into
the light-emitting layer 4 is improved.

[0040] FIG. 3 is a cross-sectional view illustrating an organic light-emitting device according to a first embodiment of
the present invention. The organic light-emitting device 30 illustrated in FIG. 3 is obtained by providing the electron-
blocking layer 9 between the hole injection layer 3 and the light-emitting layer 4 in the organic light-emitting device 10
illustrated in FIG. 1. By providing the electron-blocking layer 9, electrons or excitons are prevented from passing through
the light-emitting layer 4 to the anode 2 side. Therefore, the structure of the organic light-emitting device 30 is effective
for improving the emission efficiency.
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[0041] However, the organic light-emitting device of the present invention is not limited to the above embodiments.
For example, there can be included an exemplary structure in which only the light-emitting layer 4 is provided between
the anode 2 and the cathode 6. In addition, a structure can be included in which a hole-transporting layer or an electron-
transporting layer is further provided in the organic light-emitting device 10 shown in FIG. 1. Further, there can be included
a structure in which a hole-blocking layer is provided between the light-emitting layer 4 and the electron injection layer
5. There can also be included an exemplary structure in which an electron-blocking layer is provided between the light-
emitting layer 4 and the hole injection layer 3 and a hole-blocking layer is provided between the light-emitting layer 4
and the electron injection layer 5.

[0042] Inthe organiclight-emitting device of the presentinvention, the light-emitting layerincludes an oligomer material,
a polymer material, and a light-emitting dopant.

[0043] The term "oligomer material" herein employed refers to a material having a molecular weight of 1,000 to 10,000
and having no molecular weight distribution. Accordingly, the oligomer material can be highly purified by a purification
method such as a column chromatography or a gel permeation chromatography.

[0044] The oligomer material is a compound having a plurality of fluorene units. The compound having a plurality of
fluorene units is chemically, thermally, and electrochemically stable, and is therefore used as a constituent material of
organic light-emitting devices. Therefore, when the oligomer material is a compound having a plurality of fluorene units,
a more stable device can be produced, whereby a device having a high efficiency and a long lifetime can be produced.
[0045] Hereinafter, examples of the oligomer material used as a constituent material of the organic light-emitting device
of the present invention are given, but the present invention is not limited thereto.
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[0046] On the other hand, the polymer material preferably has a molecular weight of 10,000 or more, and the molecular
weight distribution of the material is not particularly limited.

[0047] In particular, it is preferable that the polymer material used in the organic light-emitting device of the present
invention is a n-conjugated polymer. The n-conjugated polymer has high conductivity and can improve the injectability
of carriers into the light-emitting layer. Accordingly, the emission efficiency of the device can be improved and the lifetime
of the device can be lengthened. In addition, the n-conjugated polymer material has a light-emitting function, and hence
light emission from the polymer material can be utilized.

[0048] Hereinafter, a part of the polymer material used in the organic light-emitting device of the present invention is
exemplified, but the present invention is not limited thereto.
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No. 106 No. 106
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n

[0049] Inthe organiclight-emitting device ofthe presentinvention, the light-emitting layer includes the oligomer material,
the polymer material and the light-emitting dopant. The oligomer material has a high degree of freedom of material
design as compared to polymer materials, and the purity of the material itself can be improved by purification. Therefore,
by employing the oligomer material as a constituent material of the light-emitting layer, an organic light-emitting device
having a high efficiency and a long lifetime can be provided. However, the oligomer material easily causes crystallization
and aggregation as compared to polymer materials. Therefore, when a thin film is produced from only the oligomer, the
quality of a formed film is not sufficiently stable. Here, the organic light-emitting device of the present invention includes
a polymer material as a constituent material in addition to the oligomer material. Accordingly, the amorphous property
of afilm itself which constitutes the light-emitting layer is improved, whereby the crystallization and aggregation involved
in the use of the oligomer material can be prevented. As a result, an organic light-emitting device having a higher
efficiency and a longer lifetime can be obtained.

[0050] In addition, in the organic light-emitting device of the present invention, by appropriately selecting the oligomer
material and the polymer material, the HOMO level, LUMO level, electron mobility, and hole mobility of the light-emitting
layer can be suitably adjusted, whereby the injectability of carriers into the light-emitting layer is improved. Owing to the
improvement of the injectability of carriers into the light-emitting layer, electric charge accumulated at the interfacial
portions can be reduced, whereby the efficiency and lifetime of the device can be further improved.

[0051] Here, because the molecular size of the oligomer material is smaller than that of the polymer material, the
oligomer material has good compatibility with the polymer material. Accordingly, the range of the selection of the material
that can be mixed and the range of the available mixing ratio of the material can be increased. In addition, because the
molecular weight of the oligomer material is larger than that of low-molecular materials, the oligomer material hardly
causes crystallization and aggregation as compared to low-molecular materials. Accordingly, a large amount of the
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oligomer material can be mixed in the polymer material in such a degree that crystallization and aggregation are caused
when a low-molecular material is used.

[0052] As described above, by mixing the polymer material and the oligomer material, the injectability of carriers into
the light-emitting layer can be easily improved as compared to conventional technology, whereby the efficiency and
lifetime of the device can be further improved.

[0053] Moreover, in the present invention, because a plurality of materials are used in the light-emitting layer, the
injectability of carriers into the light-emitting layer can be improved and the lifetime of the device can be lengthened by
mixing a polymer material having high hole injection property and an oligomer material having high electron injection
property, for example.

[0054] In the organic light-emitting device of the present invention, the ratio of the oligomer material to the polymer
material contained in the light-emitting layer is not particularly limited and can be selected appropriately in accordance
with the intended purpose such as increase of carrier injection amount or improvement of the film quality. The weight
ratio of the oligomer material to the polymer material is preferably 0.01 wt% to 80 wt% and more preferably 0.05 wt%
to 50 wt% of the polymer material with respect to the total weight of the oligomer material and the polymer material.
[0055] Incidentally, because the oligofluorene compound used as the oligomer material has electron-transporting
property, the oligofluorene compound can be used as a constituent material in layers other than a light-emitting layer,
such as an electron injection layer or an electron-transporting layer.

[0056] In addition, in the organic light-emitting device of the present invention, a light-emitting dopant is separately
added, in addition to the oligomer material and the polymer material, as a constituent material of the light-emitting layer,
and light may be emitted from the light-emitting dopant. As the light-emitting dopant material, any one of a singlet light-
emitting material and a triplet light-emitting material can be used, but the triplet light-emitting material which emits light
at a higher efficiency is preferably used. By incorporating the triplet light-emitting material into the light-emitting layer,
the organic light-emitting device of the present invention can employ light emission from a triplet. As a result, an organic
light-emitting device having higher emission efficiency can be provided.

[0057] Hereinafter, as examples of the triplet light-emitting material, the following compounds are given, but the present
invention is not limited thereto.

ir(4F5m-pig)3 (acac)ir(flg),

[0058] Next, other members which constitute the organic light-emitting device of the present invention will be described.
[0059] The material which constitutes the substrate 1 is, for example, glass, ceramic, semiconductor, metal, or plastic,

10
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butis not particularly limited thereto. When the structure of the device is of a bottom emission type, a transparent substrate
such as a glass substrate is used. On the other hand, when the structure of the device is of a top emission type, a metal
substrate is used, or a cathode material such as Ag is formed on a glass substrate so as to form a mirror structure in
order that light may be prevented from leaking to the lower portion of the substrate. In addition, the emission color can
be controlled by additionally providing a color filter film, a fluorescent color conversion filter film, a dielectric reflection
film, to the substrate. Further, a thin film transistor (TFT) may be produced on a substrate and the device may be produced
so as to connect thereto.

[0060] The constituent material of the anode 2 preferably has as large a work function as possible. Examples of the
material include elemental metals such as gold, platinum, silver, copper, nickel, palladium, cobalt, selenium, vanadium,
tungsten or chromium, or alloys thereof; metal oxides such as tin oxide, zinc oxide, indium oxide, indium tin oxide (ITO),
and indium zinc oxide, and halides such as Cul. Further, a conductive polymer such as polyaniline, polypyrrole, poly-
thiophene, or polyphenylene sulfide may also be used. One kind of these electrode substances may be used alone, or
two or more kinds of them may be used in combination. Further, the anode may be constituted of either a single layer
or plural layers.

[0061] As the constituent material of the hole injection layer 3, any material having hole-transporting property can be
used. In the organic light-emitting device of the present invention, a material is preferred which is advantageously used
in production of a coating organic light-emitting device and has resistance to a solvent that dissolves a constituent
material of the light-emitting layer 4. Examples of the material constituting the hole injection layer 3 include, but not
limited to, phthalocyanine derivatives, naphthalocyanine derivatives, and porphyrin derivatives; oxazole, oxadiazole,
triazole, imidazole, imidazolone, pyrazoline, tetrahydroimidazole, polyarylalkane, butadiene, benzidine-type triphe-
nylamine, styrylamine-type triphenylamine, diamine-type triphenylamine, and derivatives thereof; and polymer materials
such as polyvinylcarbazole, polysilane, and PEDOT:PSS.

[0062] Examples of the constituent material of the electron injecting layer 5 include a fluoride, carbonate compound,
or oxide of an alkali metal or alkaline earth metal such as typified by LiF, CsCO,, or CaO. Further, even an organic
compound having electron-transporting property can also be employed in the organic light-emitting device of the present
invention.

[0063] The material constituting the cathode 6 preferably has alow work function, and include, forinstance an elemental
metal such as lithium, sodium, potassium, calcium, magnesium, aluminum, indium, ruthenium, titanium, manganese,
yttrium, silver, lead, tin, and chromium; or an alloy made of a plurality of the above metals, such as lithium-indium,
sodium-potassium, magnesium-silver, aluminum-lithium, aluminum-magnesium, and magnesium-indium. Further, amet-
al oxide such as indium tin oxide (ITO) can be also used. These electrode materials can be used singly or in combination.
In addition, the cathode may be either of a single layer configuration or of a multilayer configuration.

[0064] Incidentally, at least one of the anode 2 and the cathode 6 is desirably either transparent or translucent.
[0065] In addition, as described above, in the organic light-emitting device of the present invention, a hole-transporting
layer or an electron-transporting layer may further be provided. Here, as the materials which constitute a hole-transporting
layer and an electron-transporting layer, any material can be used as long as it has hole-transporting property or electron-
transporting property, respectively. For example, the constituent material of the hole injection layer 3 and the constituent
material of the electron injection layer 5 can be used, respectively.

[0066] Incidentally, in the organic electroluminescent device of the present invention, the produced device may be
provided with a protective layer or an encapsulation layer, for the purpose of preventing contact with oxygen or moisture.
Examples of such a protective layer include a diamond thin film; a film of an inorganic material such as a metal oxide
and a metal nitride; a film of a polymer such as a fluororesin, polyparaxylene, polyethylene, silicone resin, and polystyrene
resin; and further a film of a photocurable resin. Further, the produced device may also be covered with glass, a gas-
impermeable film or a metal, or be packaged with a suitable encapsulation resin.

[0067] When the organic light-emitting device of the present invention is produced, a thin film serving as the light-
emitting layer 4 is formed by a coating process. Specific examples of the thin film forming process by coating includes
a spin coating method, a slit coating (slot coating) method, a printing method, an ink jet method, a dispense method, a
spraying method, and a nozzle printing method.

[0068] In the case of forming a thin film serving as the light-emitting layer 4 by a coating process, any solvent can be
used as long as it dissolves organic materials (oligomer material and polymer material) which constitute the light-emitting
layer 4. One kind of solvent may be used alone or two or more kinds of solvents may be used in combination. Here, in
the case where the thin film is patterned using an ink jet method, a dispense method, or a nozzle printing method, when
a solvent having a low boiling point is used, there are posed such problems that nozzles are clogged, and stable coating
cannot be performed because of the surface tension being small. Accordingly, it is preferred to use a solvent having a
boiling point of 100°C or more.

[0069] The organic light-emitting device of the present invention is applicable to a product which requires energy
conservation and high luminance. As application examples, an image display apparatus, a light source of a printer, an
illumination apparatus, a backlight of a liquid crystal display apparatus, are conceivable.
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[0070] An example of the image display apparatus includes an energy-saving, light-weight flat panel display with high
visibility.

[0071] Further, as the light source of a printer, for example, a laser light source portion of a laser beam printer that
has been currently used widely can be replaced by the organic light-emitting device of the present invention. An example
of a replacement method includes a method of placing an organic light-emitting device that can be addressed independ-
ently on an array. Even if the laser light source portion is replaced by the organic light-emitting device of the present
invention, there is no particular difference in the formation of an image from a conventional example by conducting
desired light exposure to a photosensitive drum. The volume of an apparatus can be reduced remarkably by using the
organic light-emitting device of the present invention.

[0072] Regarding the illumination apparatus and the backlight, the effect of saving energy can be expected by using
the organic light-emitting device of the present invention.

[0073] Next, the display apparatus using the organic light-emitting device of the present invention will be described.
Hereinafter, the display apparatus of the present invention will be described in detail by exemplifying an active matrix
system with reference to the accompanying drawings.

[0074] FIG. 4 is a view schematically illustrating a constitution of a display apparatus according to an embodiment of
the present invention including the organic light-emitting device of the present invention and a driving unit. In a display
apparatus 40 illustrated in FIG. 4, a scanning signal driver 41, an information signal driver 42, and a current supply
source 43 are disposed, which are each connected to gate selection lines G, information signal lines |, and current supply
lines C. A pixel circuit 44 is disposed at a crossing point of the gate selection line G and the information signal line I.
The scanning signal driver 41 successively selects gate selection lines G1, G2, G3, ... or Gn, and in synchronization
therewith, an image signal is applied from the information signal driver 42 to the pixel circuit 44 through any of the
information signal lines 11, 12, 13, ... or In.

[0075] Next, the operation of the pixel will be described.

[0076] FIG. 5 is a circuit diagram illustrating a circuit constituting one pixel disposed in the display apparatus shown
in FIG. 4. In a pixel circuit 50 of FIG. 5, when a selection signal is applied to the gate selection line Gi, a first thin film
transistor (TFT1) 51 is turned on, and an image signal li is supplied to a capacitor (C,44) 52, whereby a gate voltage of
a second thin film transistor (TFT2) 53 is determined. A current is supplied to an organic light-emitting device 54 from
a current supply line Ci according to a gate voltage of the second thin film transistor (TFT2) 53. The gate potential of
the second thin film transistor (TFT2) 53 is held at the capacitor (C44) 52 until the first thin film transistor (TFT1) 51 is
scanned and selected next. Therefore, a current continues to flow through the organic light-emitting device 54 until the
subsequent scanning is conducted. This enables the organic light-emitting device 54 to emit light at all times during one
frame.

[0077] FIG. 6is a schematic view illustrating an example of a cross-sectional structure of a TFT substrate used in the
display apparatus of FIG. 4. The detail of the structure will be described by way of an example of the production process
of a TFT substrate. When the display apparatus 60 of FIG. 6 is produced, a substrate 61 formed of glass is coated with
a moisture resistant film 62 for protecting a member (a TFT or an organic layer) formed in an upper portion. As a material
constituting the moisture resistant film 62, silicon oxide, a composite of silicon oxide and silicon nitride, is used. Next, a
metal such as Cr is formed into a film by sputtering and patterned to a predetermined circuit shape, whereby a gate
electrode 63 is formed. Subsequently, silicon oxide is formed into a film by a plasma CVD, a catalyst chemical vapor
deposition (cat-CVD), and patterned to form a gate insulating film 64. Next, a silicon film is formed by a plasma CVD
(by annealing at a temperature of 290°C or higher in some cases), and patterned according to a circuit shape, whereby
a semiconductor layer 65 is formed.

[0078] Further, a drain electrode 66 and a source electrode 67 are provided on the semiconductor film 65 to produce
a TFT element 68, whereby a circuit as illustrated in FIG. 5 is formed. Next, an insulating film 69 is formed in an upper
portion of the TFT element 68. Next, a contact hole (through-hole) 70 is formed so that an anode 71 for an organic light-
emitting device formed of a metal comes into contact with the source electrode 67.

[0079] A multi-layer or single-layer organic layer 72 and a cathode 73 are successively laminated on the anode 71,
whereby a display apparatus 60 can be obtained. At this time, in order to prevent the degradation of the organic light-
emitting device, a first protective layer 74 and a second protective layer 75 may be provided. By driving the display
apparatus using the fluorene compound of the present invention, a display of a satisfactory quality, which is stable for
a display for a long period of time, can be conducted.

[0080] In the display apparatus, there is no particular limit to a switching element, and any switching element can be
easily applied to a single crystal silicon substrate, an MIM element, an a-Si type.

(Examples)

[0081] Hereinafter, the present invention will be described in detail below with reference to examples. However, the
present invention is not limited thereto.
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(Synthesis Example 1) Synthesis of Exemplified Compound No. 2
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[0082]
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jO,BB\Ot Q‘Q Br NﬂzCOJ aq.
+EtOH
[6) ] / Toluen (7] [87% yield]
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[81 [36 % yield]
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81 + HB Oﬁ Ni (dPPP)d’
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FeCly
[71  +2Br, e Q'@ Q‘Q Q.O Br

[10} [76 % yield)
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—_——
Na ICO '3 aq.
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{101 +121{9

e [68% yield]
Exemplified Compound No. 2

(1) The following reagents and solvents were place in a 2000 ml three-necked flask.

Dipinacol body [6]: 20 g (42.2 mmol)

Monobromo body [2]: 39.0 g (101 mmol)

Toluene: 600 ml

Ethanol: 200 ml

Next, an aqueous solution prepared by dissolving 40 g of sodium carbonate in 200 ml of water was added dropwise
to the reaction solution while the reaction solution was stirred in a nitrogen atmosphere at room temperature.
Subsequently, 2.4 g (2.2 mmol) of tetrakis(triphenylphosphine)palladium(0) was added to the reaction solution. Next,
after the reaction solution was stirred at room temperature for 30 minutes, the temperature of the reaction solution
was increased to 77°C, and then, the reaction solution was stirred for 5 hours. After the completion of the reaction,
the organic layer of the reaction solution was extracted with chloroform and dried with anhydrous sodium sulfate.
After the solvent was evaporated under reduced pressure, the remainder was purified by silica gel column chroma-
tography (developing solvent: hexane/toluene mixed solvent), whereby 29.4 g of a fluorene trimer [7] as a white
crystal was obtained (87% yield).

(2) 10.0 g (12.5 mmol) of the fluorene trimer [7] and 200 ml of chloroform were placed in a 500-ml three-necked
flask. Next, after the reaction solution was cooled to 5°C, 0.1 g (0.63 mmol) of iron chloride was added to the reaction
solution. Next, after a mixed solution prepared by mixing 4.4 g (27.3 mmol) of bromine and 50 ml of chloroform was
added dropwise to the reaction solution, the temperature of the reaction solution was increased to room temperature,
and then, the reaction solution was stirred for 8 hours. After the completion of the reaction, the organic layer of the
reaction solution was extracted with chloroform, washed with an aqueous solution of sodium thiosulfate, and dried
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with anhydrous sodium sulfate. After the solvent was evaporated under reduced pressure, the remainder was purified
by silica gel column chromatography (developing solvent: heptane/toluene mixed solvent), whereby 9.1 g of a
dibromofluorene trimer [10] as a white crystal was obtained (76% yield).

(3) 10.0 g (12.5 mmol) of the fluorene trimer [7] and 200 ml of chloroform were placed in a 500-ml three-necked
flask. Next, after the reaction solution was cooled to 5°C, 0.1 g (0.63 mmol) of iron chloride was added to the reaction
solution. Next, after a mixed solution prepared by mixing 2.2 g (13.8 mmol) of bromine and 50 ml of chloroform was
added dropwise to the reaction solution, the temperature of the reaction solution was increased to room temperature,
and then, the reaction solution was stirred for 8 hours. After the completion of the reaction, the organic layer of the
reaction solution was extracted with chloroform, washed with an aqueous solution of sodium thiosulfate, and dried
with anhydrous sodium sulfate. After the solvent was evaporated under reduced pressure, the remainder was purified
by silica gel column chromatography (developing solvent: heptane/toluene mixed solvent), whereby 4.0 g of a
monobromofluorene trimer [8] as a white crystal was obtained (36% yield).

(4) 3.0 g (3.4 mmol) of the monobromofluorene trimer [8] and 100 ml of toluene were placed in a 200-ml three-
necked flask. Next, 2.5 ml (18 mmol) of triethylamine and 0.13 g (0.24 mmol) of (1,3-diphenylphosphinopropane)
dichloronickel were added to the reaction solution while the reaction solution was stirred in a nitrogen atmosphere
at room temperature. Next, after 2.6 ml (18 mmol) of 4,4,5,5-tetramethyl-1,3,2-dioxaborolane was added dropwise
to the reaction solution, the reaction solution was stirred at 100°C for 5 hours. After the completion of the reaction,
the organic layer of the reaction solution was extracted with ethyl acetate and dried with anhydrous sodium sulfate.
After the solvent was evaporated under reduced pressure, the remainder was purified by silica gel column chroma-
tography (developing solvent: hexane/toluene mixed solvent), whereby 1.7 g of a monopinacolfluorene trimer [9] as
a white crystal was obtained (53% yield).

(5) The following reagents and solvents were placed in a 200-ml three-necked flask.

Dibromofluorene trimer [10]: 1.0 g (1.04 mmol)

Monopinacolfluorene trimer [9]: 2.1 g (2.29 mmol)

Toluene: 80 ml

Ethanol: 40 ml

Next, an aqueous solution prepared by dissolving 2 g of sodium carbonate in 10 ml of water was added dropwise
to the reaction solution while the reaction solution was stirred in a nitrogen atmosphere at room temperature.
Subsequently, 0.06 g (0.05 mmol) of tetrakis(triphenylphosphine)palladium(0) was added to the reaction solution.
Next, after the reaction solution was stirred at room temperature for 30 minutes, the temperature of the reaction
solution was increased to 77°C, and then, the reaction solution was stirred for 5 hours. After the completion of the
reaction, the organic layer of the reaction solution was extracted with chloroform and dried with anhydrous sodium
sulfate. After the solvent was evaporated under reduced pressure, the remainder was purified by silica gel column
chromatography (developing solvent: hexane/toluene mixed solvent), whereby 1.7 g of Exemplified Compound No.
2 as a yellowish white crystal was obtained (68% yield). The purity of the obtained Exemplified Compound No. 2
was 99.9 wt% and its molecular weight was 2,488.

(Synthesis Example 2) Synthesis of Exemplified Compound No. 3

[0083]
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o] / Toluene+EtOH

d (PPh),
ST B:%}:.‘r Br (LS B 1232(203 aa
[5]

0 Ni (dppp)Cly
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(3] HB‘O Et;N / Toluene

[14] [39 % yield]

Pd (PPh),
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A~ DA - GO~ DGO G0

[48% yield]

Exemplified Compound No. 3

(1) The following reagents and solvents were placed in a 500-ml three-necked flask.

Monopinacolfluorene trimer [9]: 9.7 g (10.4 mmol)

Dibromofluorene trimer [10]: 10 g (10.4 mmol)

Toluene: 250 ml

Ethanol: 80 ml

Next, an aqueous solution prepared by dissolving 20 g of sodium carbonate in 100 ml of water was added dropwise
to the reaction solution while the reaction solution was stirred in a nitrogen atmosphere at room temperature. Sub-
sequently, 0.58 g (0.5 mmol) of tetrakis(triphenylphosphine)palladium(0) was added to the reaction solution. Next,
after the reaction solution was stirred at room temperature for 30 minutes, the temperature of the reaction solution
was increased to 77°C, and then, the reaction solution was stirred for 5 hours. After the completion of the reaction,
the organic layer of the reaction solution was extracted with chloroform and dried with anhydrous sodium sulfate.
After the solvent was evaporated under reduced pressure, the remainder was purified by silica gel column chroma-
tography (developing solvent: hexane/toluene mixed solvent), whereby 6.3 g of a monobromofluorene hexamer [13]
as a yellowish white crystal was obtained (36% yield).

(2) 4.0 g (2.4 mmol) of the monobromofluorene hexamer [13] and 100 ml of toluene were placed in a 300-ml three-
necked flask. Next, 0.5 ml (3.6 mmol) of triethylamine and 0.13 g (0.24 mmol) of (1,3-diphenylphosphinopropane)
dichloronickel were added to the reaction solution while the reaction solution was stirred in a nitrogen atmosphere
at room temperature. Next, after 0.52 ml (3.6 mmol) of 4,4,5,5-tetramethyl-1,3,2-dioxaborolane was dropped to the
reaction solution, the reaction solution was stirred at 100°C for 10 hours. After the completion of the reaction, the
organic layer of the reaction solution was extracted with ethyl acetate and dried with anhydrous sodium sulfate.
After the solvent was evaporated under reduced pressure, the remainder was purified by silica gel column chro-
matography (developing solvent: hexane/toluene mixed solvent), whereby 2.4 g of a monopinacolfluorene hexamer
[14] as a yellowish white crystal was obtained (59% vyield).

(3) The following reagents and solvents were placed in a 200-ml three-necked flask.

Monobromofluorene hexamer [13]: 1.0 g (0.59 mmol)

Monopinacolfluorene hexamer [14]: 1.03 g (0.59 mmol)

Toluene: 80 ml

Ethanol: 30 ml

Next, an aqueous solution prepared by dissolving 1.2 g of sodium carbonate in 6 ml of water was added dropwise
to the reaction solution while the reaction solution was stirred in a nitrogen atmosphere at room temperature. Sub-
sequently, 0.03 g (0.03 mmol) of tetrakis(triphenylphosphine)palladium(0) was added to the reaction solution. After
the reaction solution was stirred at room temperature for 30 minutes, the temperature of the reaction solution was
increased to 77°C, and then, the reaction solution was stirred for 5 hours. After the completion of the reaction, the
organic layer of the reaction solution was extracted with chloroform and dried with anhydrous sodium sulfate. After
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the solvent was evaporated under reduced pressure, the remainder was purified by silica gel column chromatography
(developing solvent: hexane/toluene mixed solvent), whereby 0.91 g of Exemplified Compound No. 3 as a yellowish
white crystal was obtained (48% yield). The purity of the obtained Exemplified Compound No. 3 was 99.9 wt% and
its molecular weight was 3,316.

(Synthesis Example 3) Synthesis of Exemplified Compound No. 12

[0084]

- Q cu K,Co Q .

(1] 12 ]| [65% Yield]
Ni (dppp)C1Et;N
5]+ HB:O:t: i (Appp)C1EL; j\te% NQ
o Toluene o [72% Yield]
“)
Pd (PPh;), \ -~ Q
W+ OGO T oo o O0-CO-0-0-C0 "0
{5} Toluene+EtOH [6] [32% Yield]

Na,CO; aq.
Toluene+EtOH

;}g:BBig):: I i L L B
]

Exemplified Compound No. 12 [56% Yield]

(1) The following reagents and solvents were placed in a 500-ml three-necked flask.

2-bromo-7-iodofluorene [1]: 20 g (39.1 mmol)

Diphenyl amine [2]: 6.6 g (39.1 mmol)

Copper powder: 7.4 g (117 mmol)

Potassium carbonate: 16.2 g (117 mmol)

1,2-dichlorobenzene: 200 ml

Next, the reaction solution was stirred at 180°C for 12 hours. After the completion of the reaction, the reaction
solution was filtered, and the organic layer of the reaction solution was extracted with chloroform and then dried
with anhydrous sodium sulfate. After the solvent was evaporated under reduced pressure, the remainder was purified
by silica gel column chromatography (developing solvent: hexane/toluene mixed solvent), whereby 14.0 g of an
adduct [3] as a transparent liquid was obtained (65% yield).

(2) 10 g (18. 1 mmol) of the adduct [3] and 100 ml of toluene were placed in a 300-ml three-necked flask. Next, 2.0
g (3.6 mmol) of Ni(dppp)Cl, and 7.6 ml (54.3 mmol) of triethyl amine were added while the reaction solution was
stirred in a nitrogen atmosphere at room temperature. Subsequently, after 7.9 ml (54.3 mmol) of pinacolborane was
poured in the reaction solution, the reaction solution was heated to reflux for 6 hours. After the completion of the
reaction, water was poured therein, and the organic layer of the reaction solution was extracted with ethyl acetate
and dried with anhydrous sodium sulfate. After the solvent was evaporated under reduced pressure, the remainder
was purified by silica gel column chromatography (developing solvent: hexane and ethyl acetatemixed solvent),
whereby 7.8 g of a pinacol body [4] as a transparent liquid was obtained (72% yield).

(3) The following reagents and solvents were placed in a 500-ml three-necked flask.

Pinacol body [4]: 5.0 g (8.3 mmol)

Dibromo body [5]: 5.9 g (8.3 mmol)

Toluene: 100 ml

Ethanol: 50 ml

Next, an aqueous solution prepared by dissolving 16 g of sodium carbonate in 80 ml of water was added dropwise
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to the reaction solution while the reaction solution was stirred in a nitrogen atmosphere at room temperature. Sub-
sequently, 0.48 g (0.42 mmol) of tetrakis(triphenylphosphine)palladium(0) was added to the reaction solution. Next,
the reaction solution was stirred under reflux for 3 hours. After the completion of the reaction, the organic layer of
the reaction solution was extracted with toluene and dried with anhydrous sodium sulfate. After the solvent was
evaporated under reduced pressure, the remainder was purified by silica gel column chromatography (developing
solvent: hexane/toluene mixed solvent), whereby 3.3 g of a bromo body [6] as a yellow crystal was obtained (32%
yield).

(4) The following reagents and solvents were placed in a 200-ml three-necked flask.

Dipinacol body [7]: 0.32 g (0.67 mmol)

Bromo body [6]: 2.0 g (1.6 mmol)

Toluene: 50 ml

Ethanol: 20 ml

Next, an aqueous solution prepared by dissolving 2 g of sodium carbonate in 10 ml of water was added dropwise
to the reaction solution while the reaction solution was stirred in a nitrogen atmosphere at room temperature. Sub-
sequently, 0.04 g (0.03 mmol) of tetrakis(triphenylphosphine)palladium(0) was added to the reaction solution. Next,
the reaction solution was stirred under reflux for 3 hours. After the completion of the reaction, the organic layer of
the reaction solution was extracted with toluene and dried with anhydrous sodium sulfate. After the solvent was
evaporated under reduced pressure, the remainder was purified by silica gel column chromatography (developing
solvent: hexane/toluene mixed solvent), whereby 0.96 g of an allylamino-substituted oligofluorene, which is Exem-
plified Compound No. 12, as a yellow crystal was obtained (56% yield). The purity of the obtained Exemplified
Compound No. 12 was 99.9 wt% and its molecular weight was 3,004.

(Synthesis Example 4) Synthesis of Exemplified Compound No. 9

[0085]

F

EC]._;
XA IOAI U89
8]

[

.@ 428 B(O{—

\O " s
[16]160 % yield]

EtyN / Toluene

Pd (PPh),

Na,CO; aq.
/ Toluene+EtOH

Exemplified Compound No. 9 [65% yield]

(1) 5.0 g (5.7 mmol) of monobromofluorene trimer [8] and 100 ml of dichloromethane were placed in a 300-ml three-
necked flask. Next, 0.56 g (6.0 mmol) of t-butylchloride and 10 ml of dichloromethane were added dropwise to the
reaction solution while the reaction solution was stirred in a nitrogen atmosphere at 0°C. Next, the temperature of
the reaction solution was increased gradually to room temperature, and then stirred for 12 hours. After the completion
of the reaction, water was added, and the organic layer of the reaction solution was extracted with chloroform and

17



10

15

20

25

30

35

40

45

50

55

EP 2 193 560 B1

dried with anhydrous sodium sulfate. After the solvent was evaporated under reduced pressure, the remainder was
purified by silica gel column chromatography (developing solvent: hexane/toluene mixed solvent), whereby 4.5 g of
a monobromofluorene trimer [15] as a yellowish white crystal was obtained (85% yield).

(2) 3.0 g (3.2 mmol) of the monobromofluorene trimer [15] and 100 ml of toluene were placed in a 200-ml three-
necked flask. Next, 2.5 ml (18 mmol) of triethylamine and 0.13 g (0.24 mmol) of (1,3-diphenylphosphinopropane)
dichloronickel were added to the reaction solution while the reaction solution was stirred in a nitrogen atmosphere
at room temperature. Next, after 2.6 ml (18 mmol) of 4,4,5,5-tetramethyl-1,3,2-dioxaborolane were added dropwise
to the reaction solution, the reaction solution was stirred at 100°C for 5 hours. After the completion of the reaction,
the organic layer of the reaction solution was extracted with ethyl acetate and dried with anhydrous sodium sulfate.
After the solvent was evaporated under reduced pressure, the remainder was purified by silica gel column chroma-
tography (developing solvent: hexane/toluene mixed solvent), whereby 1.9 g of a monopinacolfluorene trimer [16]
as a white crystal was obtained (60% yield).

(3) The following reagents and solvents were placed in a 200-ml three-necked flask.

Dibromofluorene trimer [10]: 1.0 g (1.04 mmol)

Monopinacol fluorene trimer [16]: 2.2 g (2.23 mmol)

Toluene: 80 ml

Ethanol: 40 ml

Next, an aqueous solution prepared by dissolving 2 g of sodium carbonate in 10 ml of water was added dropwise
to the reaction solution while the reaction solution was stirred in a nitrogen atmosphere at room temperature. Sub-
sequently, 0.06 g (0.05 mmol) of tetrakis(triphenylphosphine)palladium(0) was added to the reaction solution. Next,
after the reaction solution was stirred at room temperature for 30 minutes, the temperature of the reaction solution
was increased to 77°C, and then, the reaction solution was stirred for 5 hours. After the completion of the reaction,
the organic layer of the reaction solution was extracted with chloroform and dried with anhydrous sodium sulfate.
After the solvent was evaporated under reduced pressure, the remainder was purified by silica gel column chroma-
tography (developing solvent: hexane/toluene mixed solvent), whereby 1.8 g of Exemplified Compound No. 9 as a
white crystal was obtained (65% yield). The purity of the obtained Exemplified Compound No. 9 was 99.9 wt% and
its molecular weight was 2,602.

(Example 1)

[0086] An organic light-emitting device having the structure shown in FIG. 1 was produced. Here, as the constituent
materials of the organic light-emitting device, the below-mentioned compounds were used.

Substrate 1: glass substrate

Anode 2: indium tin oxide (ITO)

Hole-injection layer 3: PEDOT:PSS (P Al-4083 (trade name); manufactured by Baytron)

[0087] Light-emitting layer 4: Exemplified Compound No. 2 (oligofluorene compound), Exemplified Compound No.
101 (polyfluorene compound (average molecular weight: 76,000 g/mol, manufactured by John Wiley & Sons, Inc.)), and

Ir(Cg-pia)s

Ir{Cg-piq)s
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Electron injection layer 5: CsCO4

Cathode 6: Al

[0088] Specifically, the organic light-emitting device was produced by the following procedure.

[0089] First, an ITO was formed into a film on the glass substrate (substrate 1) by a sputtering method to form the
anode 2. At this time, the film thickness of the anode 2 was 120 nm. Next, PEDOT:PSS was formed into a film by a
spin coating method to form the hole injection layer 3. At this time, the film thickness of the hole injection layer 3 was 30 nm.
[0090] Next, a 1.0 wt% toluene solution of Exemplified Compound No. 2, a 1.0 wt% toluene solution of Exemplified
Compound No. 101, and a 1.0 wt% toluene solution of Ir(Cg-piq); were prepared. Subsequently, the respective toluene
solutions were mixed such that the concentration ratio by weight of the respective solutions was Exemplified Compound
No. 2 : Exemplified Compound No. 101 : Ir(Cg-piq)3 = 92 : 7 : 1. Then, the mixed solution was formed into a film on the
hole injection layer 3 by a spin coating method to form the light-emitting layer 4. At this time, the film thickness of the
light-emitting layer 4 was about 90 nm.

[0091] Next, Cs,Cos was formed into a film on the light-emitting layer 4 by a vacuum evaporation method to form the
electron injection layer 5. At this time, the film thickness of the electron injection layer 5 was 2.4 nm. Subsequently,
aluminum was formed into a film on the electron injection layer 5 by a vacuum evaporation method to form the cathode
6. At this time, the film thickness of the cathode was 150 nm. Then, the resulting member was covered with a glass plate
for protection in a nitrogen atmosphere and encapsulated with an acrylic resin-based adhesive. By the procedure as
described above, the organic light-emitting device was obtained.

[0092] When the ITO film was connected to a positive electrode of a power source and the Al layer was connected to
a negative electrode of the power source and a DC voltage was applied to the obtained organic light-emitting device,
red light emission was observed. The red emission had CIE chromaticity coordinates of (X, Y) = (0.65, 0.33). Other
characteristics were’ also evaluated. Incidentally, the respective characteristics were evaluated based on the results of
measurement with an organic EL light-emitting characteristic evaluation apparatus (manufactured by CRADLE CORP.).
The evaluation apparatus includes a camera obscure, a luminance meter, a multi-channel spectroscope, a device driving
source, and an analyzer unit. In addition, with the evaluation apparatus, by controlling a driving current and a driving
voltage for a device to be evaluated in a programmed manner, aluminance, a current-luminance characteristic, a voltage-
luminance characteristic, and a voltage-current characteristic of the device are obtained, whereby the luminance, max-
imum external quantum efficiency and power efficiency can be measured.

[0093] Table 1 shows the evaluation results.

(Example 2)

[0094] An organic light-emitting device was produced by following the same procedure as in Example 1 with the
exception that the respective toluene solutions were mixed such that the concentration ratio by weight of the respective
toluene solutions was Exemplified Compound No. 2 : Exemplified Compound No. 101 : Ir(Cg-piq); = 84 : 15 : 1 instead
of 92 : 7 : 1 in Example 1. When a DC voltage was applied to the thus obtained organic light-emitting device, red light
emission was observed as with Example 1. In addition, the organic light-emitting device was evaluated in the same
manner as in Example 1. Table 1 shows the results.

(Example 3)

[0095] An organic light-emitting device was produced by following the same procedure as in Example 1 with the
exception that the respective toluene solutions were mixed such that the concentration ratio by weight of the respective
toluene solutions was Exemplified Compound No. 2 : Exemplified Compound No. 101 : Ir(Cg-piq); = 59 : 40 : 1 instead
of 92 : 7 : 1 in Example 1. When a DC voltage was applied to the thus obtained organic light-emitting device, red light
emission was observed as with Example 1. In addition, the organic light-emitting device was evaluated in the same
manner as in Example 1. Table 1 shows the results.

(Comparative Example 1)

[0096] An organic light-emitting device was produced by following the same procedure as in Example 1 with the
exception that Exemplified Compound No. 101 was not used and the toluene solutions of Exemplified Compound No.
2 and Ir(Cg-piq); were mixed such that the concentration ratio by weight of the toluene solutions was Exemplified
Compound No. 2 : Ir(Cg-piq); = 99 : 1. When a DC voltage was applied to the thus obtained organic light-emitting device,
red light emission was observed as with Example 1. In addition, the organic light-emitting device was evaluated in the
same manner as in Example 1. Table 1 shows the results.
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(Comparative Example 2)

[0097] An organic light-emitting device was produced by following the same procedure as in Example 1 with the
exception that Exemplified Compound No. 2 was not used and the toluene solutions of Exemplified Compound No. 101
and Ir(Cg-piq); were mixed such that the concentration ratio by weight of the toluene solutions was Exemplified Compound
No. 101 : Ir(Cg-pig); = 99 : 1. When a DC voltage was applied to the thus obtained organic light-emitting device, red
light emission was observed as with Example 1. In addition, the organic light-emitting device was evaluated in the same
manner as in Example 1. Table 1 shows the results.

(Comparative Example 3)

[0098] A 1 wit% toluene solution was prepared by using Comparative Compound No. 1 (molecular weight: 830; purity:
99.9%) represented below instead of Exemplified Compound No. 2 used in Example 1. In addition, when the light-
emitting layer 4 was formed, the respective toluene solutions were mixed such that the concentration ratio by weight of
toluene solutions was Comparative Compound No. 1 : Exemplified Compound No. 101 : Ir(Cg-pig); = 49 : 50 : 1. An
organic light-emitting device was produced by following the same procedure as in Example 1, except the forgoing. When
a DC voltage was applied to the thus obtained organic light-emitting device, red light emission was observed as with
Example 1. In addition, the organic light-emitting device was evaluated in the same manner as in Example 1. Table 1
shows the results.

~

DD~

Comparative Compound No. 1

Table 1
Quantity of coating liquid for light-emitting layer formation | pMaximum
N - Comp. external Power Luminance
Exemplified Exemplified IF(Cq-pia)s Compd. quantum efficiency (cdim?)
Compd. No.2 Compd. No. (Wt%) No. 1 efficiency (Im/W)
(wt%) 101 (wt%) %
(Wt%) (%)
Ex. 1 92 7 1 - 4.3 3.0 1,420
Ex. 2 84 15 1 - 5.1 4.0 2,010
Ex. 3 59 40 1 - 6.3 5.5 2,600
comp. 99 - 1 - 43 24 850
Ex.1
Comp.
Ex 2 - 99 1 - 1.2 0.3 600
Comp.
- 50 1 49 3.0 1.9 800
Ex.3

(Example 4; useful for understanding the invention and being a comparative example)

[0099] An organic light-emitting device was produced by following the same procedure as in Example 1 with the
exception that Ir(Cg-piq); was not used and the toluene solutions of Exemplified Compound Nos. 2 and 101 were mixed
such that the concentration ratio by weight of the toluene solutions was Exemplified Compound No. 2 : Exemplified
Compound No. 101 =90 : 10. When a DC voltage was applied to the thus obtained organic light-emitting device, blue
light emission derived from fluorene was observed. The blue emission had CIE chromaticity coordinates of (X, Y) =
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(0.18, 0.14). In addition, the organic light-emitting device was evaluated in the same manner as in Example 1. Table 2
shows the results.

(Example 5; useful for understanding the invention and being a comparative example)

[0100] An organic light-emitting device was produced by following the same procedure as in Example 4 with the
exception that the concentration ratio by weight of the toluene solutions was Exemplified Compound No. 2 : Exemplified
Compound No. 101 = 70 : 30. When a DC voltage was applied to the thus obtained organic light-emitting device, blue
light emission was observed as with Example 4. In addition, the organic light-emitting device was evaluated in the same
manner as in Example 4. Table 2 shows the results.

(Comparative Example 4)

[0101] An organic light-emitting device was produced by following the same procedure as in Example 4 with the
exception that only a 1 wt% toluene solution of Exemplified Compound No. 2 was used to form the light-emitting layer
4. When a DC voltage was applied to the thus obtained organic light-emitting device, blue light emission was observed
as with Example 4. In addition, the organic light-emitting device was evaluated in the same manner as in Example 4.
Table 2 shows the results.

(Comparative Example 5)

[0102] An organic light-emitting device was produced by following the same procedure as in Example 4 with the
exception that only a 1 wt% toluene solution of Exemplified Compound No. 101 was used to form the light-emitting layer
4. When a DC voltage was applied to the thus obtained organic light-emitting device, blue light emission was observed
as with Example 4. In addition, the organic light-emitting device was evaluated in the same manner as in Example 4.
Table 2 shows the results.

Table 2
Quantity of coating liquid for light-
emitting layer formation Maximum
Power efficiency Luminance
Exemplified Exemplified external quantum (Im/W) (cd/m?)
Compd. No.2 Compd. No.101 efficiency (%)
(Wt%) (Wt%)
Ex.4 90 10 1.5 1.5 1,000
Ex.5 70 30 23 24 1,800
Comp. Ex.4 100 - 0.6 0.7 830
Comp. Ex.5 - 100 0.5 0.4 700
(Example 6)

[0103] A 1wt% toluene solution was prepared by using Exemplified Compound No. 3 instead of Exemplified Compound
No. 2 used in Example 1. In addition, when the light-emitting layer 4 was formed, the respective toluene solutions were
mixed such that the concentration ratio by weight of the toluene solutions was Exemplified Compound No. 3 : Exemplified
Compound No. 101 : Ir(Cg-piq); = 92: 7 : 1. An organic light-emitting device was produced by following the same
procedure as in Example 1, except the forgoing. When a DC voltage was applied to the thus obtained organic light-
emitting device, red light emission was observed as with Example 1. In addition, the organic light-emitting device was
evaluated in the same manner as in Example 1. Table 3 shows the results.

(Example 7)
[0104] An organic light-emitting device was produced by following the same procedure as in Example 6 with the
exception that the respective toluene solutions were mixed such that the concentration ratio by weight of the toluene

solutions was Exemplified Compound No. 3 : Exemplified Compound No. 101 : Ir(Cg-piq); = 64 : 35: 1. When a DC
voltage was applied to the thus obtained organic light-emitting device, red light emission was observed as with Example
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6. In addition, the organic light-emitting device was evaluated in the same manner as in Example 6. Table 3 shows the
results.

(Comparative Example 6)

[0105] An organic light-emitting device was produced by following the same procedure as in Example 6 with the
exception that Exemplified Compound No. 101 was not used and the toluene solutions of Exemplified Compound No.
3 and Ir(Cg-pigq); were mixed such that the concentration ratio by weight of the toluene solutions was Exemplified
Compound No. 3 : Ir(Cg-piq); = 99 : 1. When a DC voltage was applied to the thus obtained organic light-emitting device,
red light emission was observed as with Example 6. In addition, the organic light-emitting device was evaluated in the
same manner as in Example 6. Table 3 shows the results.

Table 3
Quantity of coating liquid for light-emitting layer .
formation Maximum Power
— — external efficiency Luminance
Exemplified Exemplified Ir(Cg-pia)s quantum (mW) (cd/m?2)
Compd. No.3 Compd. No. (Wt%) efficiency (%)
(Wt%) 101 (wt%)
Ex.6 92 7 1 4.9 3.8 1,980
Ex.7 64 35 1 6.7 6.0 2,900
Comp. Ex.6 99 - 1 4.5 2.9 990
(Example 8)

[0106] A 1 wt% toluene solution was prepared by using Exemplified Compound No. 12 instead of Exemplified Com-
pound No. 2 used in Example 1. In addition, when the light-emitting layer 4 was formed, the respective toluene solutions
were mixed such that the concentration ratio by weight of the toluene solutions was Exemplified Compound No. 12 :
Exemplified Compound No. 101 : Ir(Cg-pig); = 85 : 10 : 5. An organic light-emitting device was produced by following
the same procedure as in Example 1, except the forgoing. When a DC voltage was applied to the thus obtained organic
light-emitting device, red light emission was observed as with Example 1. In addition, the organic light-emitting device
was evaluated in the same manner as in Example 1. Table 4 shows the results.

(Example 9)

[0107] An organic light-emitting device was produced by following the same procedure as in Example 8 with the
exception that the respective toluene solutions were mixed such that the concentration ratio by weight of the toluene
solutions was Exemplified Compound No. 12 : Exemplified Compound No. 101 : Ir(Cg-piq); = 60 : 35: 5. When a DC
voltage was applied to the thus obtained organic light-emitting device, red light emission was observed as with Example
8. In addition, the organic light-emitting device was evaluated in the same manner as in Example 8. Table 4 shows the
results.

(Comparative Example 7)

[0108] An organic light-emitting device was produced by following the same procedure as in Example 8 with the
exception that Exemplified Compound No. 101 was not used and the toluene solutions of Exemplified Compound No.
12 and Ir(Cg-piq); were mixed such that the concentration ratio by weight of toluene solutions was Exemplified Compound
No. 12 : Ir(Cg-piq)3 = 95 : 5. When a DC voltage was applied to the thus obtained organic light-emitting device, red light
emission was observed as in Example 8. In addition, the organic light-emitting device was evaluated in the same manner
as in Example 8. Table 4 shows the results.
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Table 4
Quantity of coating liquid for light-emitting layer .
formation Maximum Power
— — external officienc Luminance
Exemplified Exemplified IF(Cq-pid)s quantum (W) Yy (cd/m2)
Compd. No. Compd. No. (Wt%) efficiency (%)
12 (wt%) 101 (wt%)
Ex.8 85 10 5 5.1 4.1 2,020
Ex.9 60 35 5 6.3 6.3 3,000
Comp. Ex.7 95 - 5 3.8 3.0 1,050

(Example 10)

[0109] A 1 wt% toluene solution was prepared by using Exemplified Compound No. 13 instead of Exemplified Com-
pound No. 2 used in Example 1. Incidentally, Exemplified Compound No. 13 was a compound synthesized by referring
to J. Am. CHEM. SOC., A. L. Kanibolotsky et al., 2004, 126, p 13695 and had a purity of 99.7 wt% and a molecular
weight of 2,772. In addition, when the light-emitting layer 4 was formed, the respective toluene solutions were mixed
such that the concentration ratio by weight of toluene solutions was Exemplified Compound No. 13 : Exemplified Com-
pound No. 101 : Ir(Cg-piq); =80 : 19 : 1. An organic light-emitting device was produced by following the same procedure
as in Example 1, except the forgoing. When a DC voltage was applied to the thus obtained organic light-emitting device,
red light emission was observed as with Example 1. In addition, the organic light-emitting device was evaluated in the
same manner as in Example 1. Table 5 shows the results.

(Example 11)

[0110] An organic light-emitting device was produced by following the same procedure as in Example 10 with the
exception that the respective toluene solutions were mixed such that the concentration ratio by weight of toluene solutions
was Exemplified Compound No. 13 : Exemplified Compound No. 101 : Ir(Cg-piq); = 65 : 34 : 1. When a DC voltage was
applied to the thus obtained organic light-emitting device, red light emission was observed as with Example 10. In
addition, the organic light-emitting device was evaluated in the same manner as in Example 10. Table 5 shows the results.

(Comparative Example 8)

[0111] An organic light-emitting device was produced by following the same procedure as in Example 10 with the
exception that Exemplified Compound No. 101 was not used and the toluene solutions of Exemplified Compound No.
13 and Ir(Cg-piq); were mixed such thatthe concentration ratio by weight of toluene solutions was Exemplified Compound
No. 13 : Ir(Cg-pig); =99 : 1. When a DC voltage was applied to the thus obtained organic light-emitting device, red light
emission was observed as with Example 10. In addition, the organic light-emitting device was evaluated in the same
manner as in Example 10. Table 5 shows the results.

Table 5
Quantity of coating liquid for light-emitting layer .
formation Maximum Power .
— — external efficiency Luminance
Exemplified Exemplified I(Cq-pid)s quantum (mW) (cd/m?2)
Compd. No. Compd. No. (Wt%) efficiency (%)
13 (Wt%) 101 (wt%)
Ex.10 80 19 1 5.2 3.8 2,010
Ex.11 65 34 1 6.3 6.0 2,930
Comp. Ex.8 99 - 1 4.0 3.1 1,020

(Example 12)

[0112] 1 wt% toluene solutions were prepared, respectively, by using Exemplified Compound No. 15 instead of Ex-
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emplified Compound No. 2 used in Example 1 and by using Exemplified Compound No. 109 (average molecular weight:
1,100,000 g/mol; manufactured by SIGMA-ALDRICH CORP.) instead of Exemplified Compound No. 101 used in Example
1. Incidentally, Exemplified Compound No. 15 was a material synthesized by referring to Tetrahedron. Lett., G. L. Feng
etal., 2006, 47, p 7089 and had a purity of 99.6 wt% and a molecular weight of 2,092. In addition, when the light-emitting
layer 4 was formed, the respective toluene solutions were mixed such that the concentration ratio by weight of toluene
solutions was Exemplified Compound No. 15 : Exemplified Compound No. 109 : Ir(Cg-piq); = 75 : 20 : 5. An organic
light-emitting device was produced by following the same procedure as in Example 1, except the forgoing. When a DC
voltage was applied to the thus obtained organic light-emitting device, red light emission was observed as with Example
1. In addition, the organic light-emitting device was evaluated in the same manner as in Example 1. Table 6 shows the
results.

(Example 13)

[0113] An organic light-emitting device was produced by following the same procedure as in Example 12 with the
exception that the respective toluene solutions were mixed such that the concentration ratio by weight of the toluene
solutions was Exemplified Compound No. 15 : Exemplified Compound No. 109 : Ir(Cg-piq); = 60 : 35 : 5. When a DC
voltage was applied to the thus obtained organic light-emitting device, red light emission was observed as with Example
12. In addition, the organic light-emitting device was evaluated in the same manner as in Example 12. Table 6 shows
the results.

(Comparative Example 9)

[0114] An organic light-emitting device was produced by following the same procedure as in Example 12 with the
exception that Exemplified Compound No. 109 was not used and the toluene solutions of Exemplified Compound No.
15 and Ir(Cg-piq); were mixed such that the concentration ratio by weight of the toluene solutions was Exemplified
Compound No. 15 : Ir(Cg-piq); = 95: 5. When a DC voltage was applied to the thus obtained organic light-emitting device,
red light emission was observed as with Example 12. In addition, the organic light-emitting device was evaluated in the
same manner as in Example 12. Table 6 shows the results.

(Comparative Example 10)

[0115] An organic light-emitting device was produced by following the same procedure as in Example 12 with the
exception that Exemplified Compound No. 15 was not used and the toluene solutions of Exemplified Compound No.
109 and Ir(Cg-piq); were mixed such that the concentration ratio by weight of the toluene solutions was Exemplified
Compound No. 109 : Ir(Cg-piq); = 95: 5. When a DC voltage was applied to the thus obtained organic light-emitting
device, red light emission was observed as with Example 12. In addition, the organic light-emitting device was evaluated
in the same manner as in Example 12. Table 6 shows the results.

Table 6
Quantity of coating liquid for light-emitting layer .
formation Maximum Power .
— — external efficiency Luminance
Exemplified Exemplified I(Ce-pia)s quantum (M) (cd/m2)
Compd. Compd. No. (Wt%) efficiency (%)
No.IS (wt%) 109 (wt%)
Ex.12 75 20 5 1.5 1.3 800
Ex.13 60 35 5 2.0 1.9 920
Comp. Ex.9 95 - 5 0.7 0.7 530
Comp. Ex.10 - 95 5 0.2 0.2 210

(Example 14)

[0116] 1 wt% toluene solutions were prepared, respectively, by using Exemplified Compound No. 9 instead of Exem-
plified Compound No. 2 used in Example and by using Exemplified Compound No. 104 (average molecular weight:
100,000 g/mol; manufactured by John Wiley & Sons, Inc.) instead of Exemplified Compound NO. 101 used in Example
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1. In addition, when the light-emitting layer 4 was formed, the respective solutions were mixed such that the concentration
ratio by weight of the toluene solutions was Exemplified Compound No. 9 : Exemplified Compound No. 104 : Ir(Cg-piq)5
=85 :5:10. An organic light-emitting device was produced by following the same procedure as in Example 1, except
the forgoing. When a DC voltage was applied to the thus obtained organic light-emitting device, red light emission was
observed as with Example 1.

[0117] In addition, the organic light-emitting device was evaluated for the half lifetime when an initial luminance was
set to 100 cd/m2. For the measurement of the half lifetime, the same apparatus as used for measuring the maximum
external quantum efficiency, the power efficiency, and the luminance described above. Incidentally, the term "half lifetime"
refers to the time it takes for the initial luminance of 100 cd/m2 to decrease to its half value. Table 7 shows the results.

(Example 15)

[0118] An organic light-emitting device was produced by following the same procedure as in Example 14 with the
exception that the respective toluene solutions were mixed such that the concentration ratio by weight of the toluene
solutions was Exemplified Compound No. 9 : Exemplified Compound No. 104 : Ir(Cg-piq); = 80 : 10: 10. When a DC
voltage was applied to the thus obtained organic light-emitting device, red light emission was observed as with Example
14. In addition, the organic light-emitting device was evaluated in the same manner as in Example 14. Table 7 shows
the results.

(Example 16)

[0119] An organic light-emitting device was produced by following the same procedure as in Example 14 with the
exception that the respective toluene solutions were mixed such that the concentration ratio by weight of the toluene
solutions was Exemplified Compound No. 9 : Exemplified Compound No. 104 : Ir(Cg-piq); = 70 : 20 : 10. When a DC
voltage was applied to the thus obtained organic light-emitting device, red light emission was observed as with Example
14. In addition, the organic light-emitting device was evaluated in the same manner as in Example 14. Table 7 shows
the results.

(Example 17)

[0120] An organic light-emitting device was produced by following the same procedure as in Example 14 with the
exception that the respective toluene solutions were mixed such that the concentration ratio by weight of the toluene
solutions was Exemplified Compound No. 9 : Exemplified Compound No. 104 : Ir(Cg-piq); = 60 : 30 : 10. When a DC
voltage was applied to the thus obtained organic light-emitting device, red light emission was observed as with Example
14. In addition, the organic light-emitting device was evaluated in the same manner as in Example 14. Table 7 shows
the results.

(Comparative Example 11)

[0121] An organic light-emitting device was produced by following the same procedure as in Example 14 with the
exception that Exemplified Compound No. 104 was not used and the toluene solutions of Exemplified Compound No.
9 and Ir(Cg-piq); were mixed such that the concentration ratio by weight of the toluene solutions was Exemplified
Compound No. 9 : Ir(Cg-pig); = 90 : 10. When a DC voltage was applied to the thus obtained organic light-emitting
device, red light emission was observed as with Example 14. In addition, the organic light-emitting device was evaluated
in the same manner as in Example 14. Table 7 shows the results.

(Comparative Example 12)

[0122] An organic light-emitting device was produced by following the same procedure as in Example 14 with the
exception that Exemplified Compound No. 9 was not used and the toluene solutions of Exemplified Compound No. 104
and Ir(Cg-piq)3 were mixed such that the concentration ratio by weight of the toluene solutions was Exemplified Compound
No. 104 : Ir(Cg-pig)3 = 90 : 10. When a DC voltage was applied to the thus obtained organic light-emitting device, red
light emission was observed as with Example 14. In addition, the organic light-emitting device was evaluated in the same
manner as in Example 14. Table 7 shows the results.

(Comparative Example 13)

[0123] A 1 wt% toluene solution was prepared by using Comparative Compound No. 1 instead of Exemplified Com-
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pound No. 9 used in Example 14. In addition, when the light-emitting layer 4 was formed, the respective solutions were
mixed such that the concentration ratio by weight of the toluene solutions was Comparative Compound No. 1 : Exemplified
Compound No. 104 : Ir(Cg-piq); = 45 : 45 : 10. An organic light-emitting device was produced by following the same
procedure as in Example 14, except the forgoing. When a DC voltage was applied to the thus obtained organic light-
emitting device, red light emission was observed as with Example 14. In addition, the organic light-emitting device was
evaluated in the same manner as in Example 14. Table 7 shows the results.

Table 7
Quantity of coating liquid for light-emitting layer formation
Exemplified Exemplified | Comp. Compd. Half“fetzime
Compd. No.9 Compd. No.104 | Ir(Cg-piq); (Wt%) No.1 (wt%) @?100cd/m# (hour)
(Wt%) (Wt%)
Ex.14 85 5 10 - 1,500
Ex.15 80 10 10 - 2,200
Ex.16 70 20 10 - 2,500
Ex.17 60 30 10 - 3,500
Comp. Ex.11 90 - 10 - 100
Comp. Ex.12 - 920 10 - 200
Comp. Ex.13 - 45 10 45 500

(Example 18)

[0124] A 1 wt% toluene solution was prepared by using Exemplified Compound No. 12 instead of Exemplified Com-
pound No. 9 used in Example 14. In addition, when the light-emitting layer 4 was formed, the respective solutions were
mixed such that the concentration ratio by weight of the toluene solutions was Exemplified Compound No. 12 : Exemplified
Compound No. 104 : Ir(Cg-piq); = 75 : 15 : 10. An organic light-emitting device was produced by following the same
procedure as in Example 14, except the forgoing. When a DC voltage was applied to the thus obtained organic light-
emitting device, red light emission was observed as with Example 14. In addition, the organic light-emitting device was
evaluated in the same manner as in Example 14. Table 8 shows the results.

(Example 19)

[0125] An organic light-emitting device was produced by following the same procedure as in Example 18 with the
exception that the respective solutions were mixed such that the concentration ratio by weight of the toluene solutions
was Exemplified Compound No. 12 : Exemplified Compound No. 104 : Ir(Cg-piq); = 65 : 25 : 10. When a DC voltage
was applied to the thus obtained organic light-emitting device, red light emission was observed as with Example 18. In
addition, the organic light-emitting device was evaluated in the same manner as in Example 18. Table 8 shows the results.

(Example 20)

[0126] An organic light-emitting device was produced by following the same procedure as in Example 18 with the
exception that the respective solutions were mixed such that the concentration ratio by weight of the toluene solutions
was Exemplified Compound No. 12 : Exemplified Compound No. 104 : Ir(Cg-piq); = 55 : 35: 10. When a DC voltage
was applied to the thus obtained organic light-emitting device, red light emission was observed as with Example 18. In
addition, the organic light-emitting device was evaluated in the same manner as in Example 18. Table 8 shows the results.

(Comparative Example 14)

[0127] An organic light-emitting device was produced by following the same procedure as in Example 18 with the
exception that Exemplified Compound No. 104 was not used and the toluene solutions of Exemplified Compound No.
12 and Ir(Cg-piq); were mixed such that the concentration ratio by weight of the toluene solutions was Exemplified
Compound No. 12 : Ir(Cg-piq); = 90 : 10. When a DC voltage was applied to the thus obtained organic light-emitting
device, red light emission was observed as with Example 18. In addition, the organic light-emitting device was evaluated
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in the same manner as in Example 18. Table 8 shows the results.
(Comparative Example 15)

[0128] A 1 wt% toluene solution was prepared by using Comparative Compound No. 1 instead of Exemplified Com-
pound No. 12 used in Example 18. In addition, when the light-emitting layer 4 was formed, the respective toluene solutions
were mixed such that the concentration ratio by weight of the toluene solutions was Comparative Compound No. 1 :
Exemplified Compound No. 104 : Ir(Cg-piq); = 45 : 45 : 10. An organic light-emitting device was produced by following
the same procedure as in Example 18, except the forgoing. When a DC voltage was applied to the thus obtained organic
light-emitting device, red light emission was observed as with Example 18. In addition, the organic light-emitting device
was evaluated in the same manner as in Example 18. Table 8 shows the results.

Table 8
Quantity of coating liquid for light-emitting layer formation
Exemplified Exemplified | Comp. Compd. Half“fetzime
Compd. No.12 | Compd. No.104 | Ir(Cg-piq); (Wt%) No.1 (wt%) @100cd/m< (hour)
(Wt%) (Wt%)

Ex.18 75 15 10 - 1,800

Ex.19 65 25 10 - 2,100

Ex.20 55 35 10 - 2,300
Comp. Ex.14 90 - 10 - 20
Comp. Ex.15 - 45 10 45 400

[0129] As shown in Tables 1 to 8, the organic light-emitting device of the present invention in which the light-emitting
layer 4 includes an oligomer material and a polymer material in combination can realize a device which has a higher
efficiency and is driven at a lower voltage than an organic light-emitting device in which a light-emitting layer includes
only an oligomer material or only a polymer material.

[0130] FIGS. 7A and 7B are optical microscope photographs of light-emitting layers, and FIG. 7A is a photograph in
the case of Example 1 and FIG. 7B is a photograph in the case of Comparative Example 3. When the light-emitting layer
4 was formed using Comparative Compound No. 1 instead of an oligomer material, it was confirmed that Comparative
Compound No. 1 was crystallized and deposited as shown in FIG. 7B. On the other hand, in the light-emitting devices
of Example 1, such crystallization was not observed as shown in FIG. 7A. The reason for this is considered to be that
the molecular weight of the oligomer material used in Example 1 is larger than that of Comparative Compound No. 1,
whereby a film having higher amorphous property can be formed.

[0131] FIGS. 8A and 8B are scanning electron microscope photographs of light-emitting layer surfaces, and FIG. 8A
is a photograph in the case of Example 1 and FIG. 8B is a photograph in the case of Comparative Example 1. It can be
seen from the scanning electron microscope photographs that the surface of the light-emitting layer in Comparative
Example 1 is rougher than that of Example 1. In addition, in Comparative Example 1, scattering of light due to the surface
roughness was confirmed.

[0132] The surface roughness of the film observed in Comparative Example 1 is considered to be attributable to that
when a thin film serving as a light-emitting layer was formed by solidification, nuclei were formed nonuniformly and
Exemplified Compound No. 2 as an oligofluorene compound was diffused and aggregated to the nuclei to thereby form
an aggregate. On the other hand, in Example 1, there was observed no such phenomenon and a good amorphous film
could be obtained. The reason for this is considered to be that the viscosity of the coating solution was increased by
mixing Exemplified Compound No. 101 as a’ polymer material to reduce the aggregation rate of the oligofluorene com-
pound.

[0133] In the organic light-emitting device of the present invention, it has been confirmed that by mixing the oligomer
material and the polymer material and forming a light-emitting layer of the mixture, the efficiency of the device can be
improved and the driving voltage can be reduced. The reason for this is considered to be that by mixing the oligomer
material and the polymer material, the crystallization and aggregation of the oligomer material can be suppressed to
improve the film quality, whereby the leak current is reduced and an interface of the light-emitting layer with the hole
injection layer or the electron injection layer is uniformly formed to lower an injection barrier.

[0134] Further, as shown in Tables 7 and 8, the lifetime of the organic light-emitting device of the present invention
was improved by using Exemplified Compound No. 104 which is a polymer material. The reason for this is considered
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to be that because Exemplified Compound No. 104 is a polymer having an amine skeleton and the HOMO level is
increased, the injectability of holes from PEDOT:PSS is improved, with the result that electric charge accumulated at a
PEDOT:PSS interface can be reduced.

[0135] The organic light-emitting device of the present invention can be produced by a coating process which is an
easy and relatively low cost process and can be utilized as a constituent device for a display panel, a display apparatus.
[0136] While the presentinvention has been described with reference to exemplary embodiments, itis to be understood
that the invention is not limited to the disclosed exemplary embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all such modifications and equivalent structures and functions.
[0137] This application claims the benefit of Japanese Patent Application No. 2007-240660, filed September 18, 2007.

Claims
1. An organic light-emitting device, comprising:

an anode;

a cathode; and

a light-emitting layer interposed between the anode and the cathode and comprising an organic compound,
wherein the light-emitting layer comprises

an oligomer material having a molecular weight of 1000-10000 and not having a molecular weight distribution
but having a single molecular weight and a plurality of fluorene units;

a polymer material having a molecular weight distribution; and

a light-emitting dopant.

2. The organic light-emitting device according to claim 1, wherein the light-emitting dopant comprises a triplet light-
emitting material.

3. The organic light-emitting device according to claim 1, wherein the polymer material has a molecular weight of
10,000 or more.

4. The organic light-emitting device according to claim 1, wherein the oligomer material is represented by the following
structural formula:

5. The organic light-emitting device according to claim 1, wherein the oligomer material is represented by the following
structural formula:

6. The organic light-emitting device according to claim 1, wherein the oligomer material is represented by the following
structural formula:

7. The organic light-emitting device according to claim 1, wherein the oligomer material is represented by the following
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structural formula:

o
fal

8. The organic light-emitting device according to claim 1, wherein the oligomer material is represented by the following
structural formula:

9. Addisplay apparatus, comprising the organic light-emitting device set forth in claim 1, a scanning signal driver, and
an information signal driver.

Patentanspriiche
1. Organische Lichtemitter-Vorrichtung, umfassend:

eine Anode;

eine Kathode; und

eine Lichtemitter-Schicht, eingefiigt zwischen der Anode und der Kathode und eine organische Verbindung
umfassend,

wobei die Lichtemitter-Schicht

ein oligomeres Material, das ein Molekulargewicht von 1000 - 10000 aufweist und keine Molekulargewichts-
verteilung aber ein einzelnes Molekulargewicht und eine Vielzahl von Fluoreneinheiten aufweist;

ein polymeres Material, das eine Molekulargewichtsverteilung aufweist; und

einen Lichtemitter-Dotierstoff umfasst.

2. Organische Lichtemitter-Vorrichtung nach Anspruch 1, wobei der Lichtemitter-Dotierstoff ein Triplett-Lichtemitter-
Material umfasst.

3. Organische Lichtemitter-Vorrichtung nach Anspruch 1, wobei das Polymermaterial ein Molekulargewicht von 10000
oder mehr aufweist.

4. Organische Lichtemitter-Vorrichtung nach Anspruch 1, wobei das oligomere Material durch die folgende Struktur-
formel dargestellt wird:
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Organische Lichtemitter-Vorrichtung nach Anspruch 1, wobei das oligomere Material durch die folgende Struktur-
formel dargestellt wird:

Organische Lichtemitter-Vorrichtung nach Anspruch 1, wobei das oligomere Material durch die folgende Struktur-
formel dargestellt wird:

Organische Lichtemitter-Vorrichtung nach Anspruch 1, wobei das oligomere Material durch die folgende Struktur-
formel dargestellt wird:

Organische Lichtemitter-Vorrichtung nach Anspruch 1, wobei das oligomere Material durch die folgende Struktur-
formel dargestellt wird:

9. Anzeigegerat, das die organische Lichtemitter-Vorrichtung nach Anspruch 1, einen Scan-Signaltreiber und einen

Informations-Signaltreiber umfasst.
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Revendications

1.

Dispositif électroluminescent organique, comprenant :

une anode ;

une cathode ; et

une couche électroluminescente interposée entre I'anode et la cathode et comprenant un composé organique,
dans lequel la couche électroluminescente comprend :

une matiere oligomére ayant un poids moléculaire de 1000 a 10 000 et n’ayant pas une distribution des
poids moléculaires mais ayant un poids moléculaire unique et une pluralité de motifs fluoréne ;

une matiére polymeére ayant une distribution des poids moléculaires ; et

un dopant électroluminescent.

Dispositif électroluminescent organique suivant la revendication 1, dans lequel le dopant électroluminescent com-
prend une matiére électroluminescente a triplet.

Dispositif électroluminescent organique suivant la revendication 1, dans lequel la matiére polymére a un poids
moléculaire égal ou supérieur a 10 000.

Dispositif électroluminescent organique suivant la revendication 1, dans lequel la matiére oligomére est représentée
par la formue structurale suivante :

Dispositif électroluminescent organique suivant la revendication 1, dans lequel la matiére oligomére est représentée
par la formule structurale suivante :

Dispositif électroluminescent organique suivant la revendication 1, dans lequel la matiére oligomére est représentée
par la formule structurale suivante :

Dispositif électroluminescent organique suivant la revendication 1, dans lequel la matiére oligomére est représentée
par la formule structurale suivante :

Dispositif électroluminescent organique suivant la revendication 1, dans lequel la matiére oligomére est représentée
par la formule structurale suivante :
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9. Appareil d’affichage, comprenant le dispositif électroluminescent organique suivant la revendication 1, un pilote de
signal de balayage et un pilote de signal d’information.
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FIG. 7A
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