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Description

TECHNICAL FIELD

[0001] The present invention relates to a composite material having an organic compound and an inorganic compound.
Also, the present invention relates to a current excitation light emitting element using the composite material.

BACKGROUND ART

[0002] In recent years, research and development for light emitting elements using organic compounds having light
emitting properties, have been actively pursued. A basic structure for these light emitting elements is that of interposing
a layer including an organic compound having a light emitting property between a pair of electrodes. By applying voltage
to such an element, electrons and holes are injected from the pair of electrodes into the layer including an organic
compound having a light emitting property, and current flows. Then, by those carriers (electrons and holes) recombining,
the organic compound having a light emitting property forms an excited state, and light is emitted when the excited state
returns to a ground state. Due to such mechanism, such a light emitting element is called a current excitation light emitting
element.
[0003] Note that as types of excitation states which an organic compound forms, a singlet excited state and a triplet
excited state are possible. Light emission from a singlet excited state is called fluorescence, and light emission from a
triplet excited state is called phosphorescence.
[0004] Since such a light emitting element is usually formed as an approximately submicron-thin film, there is a great
advantage that it can be manufactured to be thin and light weight. Furthermore, since the time it takes from carrier
injection to light emission is about microseconds or less, another feature is that the response speed is extremely fast.
It is thought that as an element for use in flat panel displays, these features are suitable.
[0005] Also, since these light emitting elements are formed in film forms, planar light emission can be easily obtained
by forming a large-area element. Since this is a trait that is difficult to obtain by a point light source typified by incandescent
lamps and LEDs, or by a line light source typified by fluorescent lights, utility value as a surface light source that can be
applied to illumination is also high.
[0006] In this manner, there are hopes for the current excitation light emitting element using an organic compound
material having a light emitting property to be applied to light emitting devices and illuminations; however, many challenges
still remain. Reduction in power consumption is one of those challenges. In order to reduce power consumption, it is
important to reduce the driving voltage of the light emitting element. Further, since the emission intensity of the current
excitation light emitting element is determined by the amount of electrical current flowing, in order to reduce the driving
voltage, it is necessary to feed many currents at low voltage.
[0007] Previously, as a method for reducing driving voltage, an approach of providing a buffer layer between an
electrode and the layer including an organic compound having a light emitting property, has been attempted. For example,
it is known that driving voltage can be reduced by providing a buffer layer that is formed of polyaniline (PAni) doped with
camphorsulfonic acid, between indium tin oxide (ITO: indium tin oxide) and a light emitting layer (for example, refer to
Non-Patent Document 1: Y. Yang, et al. Applied Physics Letters, Vol. 64 (10), 1245-1247 (1994)). It is explained that
this is because of the excellent carrier injecting property of PAni to the light emitting layer. Note that in the Non-Patent
Document 1, PAni that is the buffer layer is also considered to be a part of an electrode.
[0008] However, as described in the Non-Patent Document 1, PAni has a problem that transmittance becomes poor
when a film thickness becomes thick. Specifically, it is reported that at a film thickness of about 250 nm, the transmittance
is less than 70%. In other words, since the problem is with the transparency of the material itself that is used for the
buffer layer, light that is generated within an element cannot be taken out efficiently.
[0009] Also, according to a Patent Document 1: Japanese Patent Laid-Open No. 2003-272860, an approach of serially
connecting light emitting elements (called a light emitting unit in the Patent Document 1) to improve the luminance per
a certain current density, in other words, current efficiency, as been attempted. As for the Patent Document 1, for a
connecting portion of when light emitting elements are serially connected, a mixed layer of an organic compound and
a metal oxide (specifically, vanadium oxide and rhenium oxide) is applied, and it is considered that this layer can inject
holes and electrons to a light emitting unit.
[0010] However, as apparent by looking at an embodiment, for the mixed layer of an organic compound and a metal
oxide that is disclosed in the Patent Document 1, a high absorption peak is observed not only in the infrared region but
also in the visible light region (around 500 nm), a problem in transparency occurs also (see also Patent Document 2:
EP1 351 558 A1 and Patent Document 3: EP 1 339 112 A2). Therefore, as expected, light that is generated within an
element cannot be taken out efficiently, and the light emission efficiency of the element is degraded.
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DISCLOSURE OF INVENTION

[0011] In view of the above description, an object of the present invention is to provide a composite material that has
an organic compound and an inorganic compound, with an excellent carrier transporting property, an excellent carrier
injecting property to the organic compound, as well as excellent transparency.
[0012] Also, an object of the present invention is to provide a light emitting element that is excellent in both driving
voltage and light emission efficiency, by applying the composite material to a current excitation light emitting element.
Further, an object is to provide a light emitting device which has low power consumption, by manufacturing a light emitting
device using the light emitting element.
[0013] The composite material of the present invention is a composite material of an organic compound having a
particular skeleton and an inorganic compound, and the organic compound having a particular skeleton is an aryl
carbazole which does not have an arylamine skeleton. An oxide of a transition metal can be used for the inorganic
compound, and preferably, an oxide of a metal belonging to groups 4 to 8 of the periodic table is desirable. In particular,
vanadium oxide, tantalum oxide, molybdenum oxide, tungsten oxide, rhenium oxide, and ruthenium oxide can be used
suitably.
[0014] A layer formed of the above mentioned composite material is included in a portion of a light emitting element
of the present invention. It is particularly desirable to form this layer between an electrode that functions as an anode
and a light emitting layer. Also, at that time, providing the layer formed of the composite material of the present invention
to be in contact with the electrode that functions as the anode is even better. Furthermore, in this case, the thickness of
the layer formed of the composite material of the present invention may be 60 nm or more.
[0015] A light emitting device of the present invention is a light emitting device that is equipped with the above mentioned
light emitting element.
[0016] By implementing the present invention, a composite material of an organic compound and an inorganic com-
pound, and has an excellent carrier transporting property, an excellent carrier injecting property to the organic compound,
as well as excellent transparency, can be provided.
[0017] Also, by applying the composite material to a current excitation light emitting element, a light emitting element
that is excellent in both driving voltage and light emission efficiency can be provided. Furthermore, by manufacturing a
light emitting device using the light emitting element, a light emitting device which has low power consumption can be
provided.
[0018] Further, the layer formed of the composite material does not rise in driving voltage even if film thickness
increases; therefore, optical design can be easily carried out, and reliability of a light emitting element can be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0019] In the accompanying drawings:

FIG. 1 describes a light emitting element of the present invention;
FIG 2 describes a light emitting element of the present invention;
FIGS. 3A to 3C describe a light emitting element of the present invention;
FIGS. 4A to 4C describe a light emitting element of the present invention;
FIG 5 describes a light emitting element of the present invention;
FIGS. 6A to 6C describe a light emitting element of the present invention;
FIGS. 7A to 7C describe a light emitting element of the present invention;
FIG. 8 describes a light emitting device;
FIGS. 9A and 9B describe a light emitting device;
FIGS. 10A to 10E describe electronic appliances;
FIG 11 describes a light emitting element of the present invention;
FIG 12 shows absorption spectrums of CBP and a composite material of the present invention using CBP;
FIG 13 is a voltage-current characteristic of a light emitting element of the present invention;
Figs 14 is a voltage-luminance characteristic of a light emitting element of the present invention;
FIGS. 15A and 15B describe a vapor deposition apparatus;
FIG 16 is a voltage-current characteristic of a light emitting element of the present invention;
FIG 17 is a voltage-luminance characteristic of a light emitting element of the present invention;
FIG 18 is a voltage-current characteristic of a light emitting element of the present invention;
FIG 19 is a voltage-luminance characteristic of a light emitting element of the present invention;
Figs 20 is a voltage-current characteristic of a light emitting element of the present invention;
FIG 21 is a voltage-luminance characteristic of a light emitting element of the present invention;
FIG 22 is a voltage-current characteristic of a light emitting element of the present invention; and
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FIG 23 is a voltage-luminance characteristic of a light emitting element of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0020] Embodiment Modes according to the present invention will hereinafter be described with reference to the
accompanying drawings.

(Embodiment Mode 1)

[0021] A structure of the composite material of the present invention will be described. The composite material of the
present invention is a composite material of an organic compound having a particular skeleton and an inorganic com-
pound. There is no limitation for a manufacturing method of the composite material of the present invention; however,
it can be formed by a co-evaporation method where the organic compound and the inorganic compound are deposited
simultaneously. The mixing ratio, in molar ratio, of the organic compound and the inorganic compound of the present
invention is preferably around 1:0.1 to 1:10, and more desirably, 1:0.5 to 1:2. When forming the composite material by
a co-evaporation method, the mixing ratio can be controlled by adjusting the deposition rate for each of the organic
compound and the inorganic compound.
[0022] Organic compounds that can be used for the composite material of the present invention are the organic
compound which are represented by the general formulas (1) to (4) below.

In this formula, Ar represents an aromatic series hydrocarbon group having 6 to 42 carbon atoms; n represents a natural
number from 1 to 3; and R1 and R2 represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or an aryl group
having 6 to 12 carbon atoms.

It is to be noted that in this formula, Ar represents a monovalent aromatic series hydrocarbon group having 6 to 42
carbon atoms; and R1 and R2 represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or an aryl group having
6 to 12 carbon atoms.
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It is to be noted that in this formula, Ar represents a divalent aromatic series hydrocarbon group having 6 to 42 carbon
atoms; and R1 to R4 represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or an aryl group having 6 to 12
carbon atoms.

[0023] It is to be noted that in this formula, Ar represents a trivalent aromatic series hydrocarbon group having 6 to
42 carbon atoms; and R1 to R6 represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or an aryl group having
6 to 12 carbon atoms.
[0024] Also, as organic compounds that can be used for the composite material of the present invention, the organic
compounds represented by the general formulas (2) to (4) below are more preferable.
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[0025] It is to be noted that in this formula, Ar represents one of the aromatic series hydrocarbon groups represented
in the structual formulas (2-1) to (2-3); and R1 and R2 represent hydrogen, an alkyl group having 1 to 4 carbon atoms,
or an aryl group having 6 to 12 carbon atoms.
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[0026] It is to be noted that in this formula, Ar represents one of the aromatic series hydrocarbon groups represented
in the structual formulas (3-1) to (3-10); and R1 to R4 represent hydrogen, an alkyl group having 1 to 4 carbon atoms,
or an aryl group having 6 to 12 carbon atoms.

[0027] It is to be noted that in this formula, Ar represents one of the aromatic series hydrocarbon groups represented
in the structual formulas (4-1) to (4-3); and R1 to R6 represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or
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an aryl group having 6 to 12 carbon atoms.
[0028] Note that in the above general formulas, as the alkyl group, a methyl group, an ethyl group, an isopropyl group,
and a t-butyl group are preferable; and as the aryl group, a phenyl group, a tolyl group, a 2-biphenylyl group, and a 4-
biphenylyl group are preferable.
[0029] Note that among the organic compounds represented in the above general formulas, using an organic compound
having a hole mobility of 1x10-6 cm2/Vs in particular is preferable.
[0030] A part of the organic compounds represented by the above general formulas are shown as specific examples
in the structural formulas (5) to (23).
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[0031] Subsequently, inorganic compounds that can be used for the composite material of the present invention will
be described. For the composite material of the present invention, an oxide of a transition metal can be used as the
inorganic compound. Preferably, it is desirable to use an oxide of a metal belonging to group 4 to 8 of the periodic table.
Vanadium oxide, tantalum oxide, molybdenum oxide, tungsten oxide, rhenium oxide, and ruthenium oxide are particularly
preferable. The oxide of molybdenum is particularly easy to handle among them, because it is easily deposited, and is
stable.
[0032] The composite material of the present invention including the above mentioned organic compound and inorganic
compound has an excellent carrier transporting property, an excellent carrier injecting property to the organic compound,
as well as excellent transparency.
[0033] Also, since the composite material of the present invention has an excellent carrier transporting property, and
an excellent carrier injecting property to the organic compound, it can be used for semiconductor elements such as light
emitting elements, photoelectric conversion elements, and thin film transistors.
[0034] Further, since the composite material of the present invention has an excellent carrier transporting property,
and an excellent carrier injecting property to the organic compound, a light emitting element using the composite material
of the present invention can be reduced in driving voltage.
[0035] Furthermore, a light emitting element and a photoelectric conversion element using the composite material of
the present invention can be efficient elements since the composite material of the present invention has excellent
transparency.

(Embodiment Mode 2)

[0036] A light emitting element of the present invention will be described. The light emitting element of the present
invention includes a layer containing a light emitting substance and a layer formed of a composite material between a
pair of electrodes. Note that the composite material is the composite material of the present invention described in
Embodiment Mode 1.
[0037] One example of a structure of the light emitting element of the present invention is shown in FIG. 1. The structure
is that of interposing a light emitting laminated body 103 between a first electrode 101 and a second electrode 102. In
this embodiment mode, a case where the first electrode 101 is an electrode functioning as an anode and the second
electrode 102 is an electrode functioning as a cathode is described. For the first electrode 101 and the second electrode
102, a metal, an alloy, or an electroconductive compound can be used. For example, a metal having a conductive
property such as aluminum (Al), silver (Ag), gold (Au), platinum (Pt), nickel (Ni), tungsten (W), chromium (Cr), molybdenum
(Mo), iron (Fe), cobalt (Co), copper, (Cu), palladium (Pd), lithium (Li), cesium (Cs), magnesium (Mg), calcium (Ca),
strontium (Sr), titanium (Ti); an alloy such as an alloy of aluminum and silicon (Al-Si), an alloy of aluminum and titanium
(Al-Ti), an alloy of aluminum, silicon, and copper (Al-Si-Cu); a nitride of a metal material such as titanium nitride (TiN);
or a metal compound such as indium tin oxide (ITO), ITO containing silicon (ITSO), or indium zinc oxide (IZO) in which
indium oxide is mixed with zinc oxide (ZnO) can be used. However, among them, using a material that has a high work
function (work function of 4.0 eV or higher) for the electrode functioning as the anode is desirable, and using a material
that has a low work function (work function of 3.8 eV or lower) for the electrode functioning as the cathode is desirable.
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[0038] The light emitting laminated body 103 has a structure of stacking a first layer 111 and a second layer 112.
[0039] The first layer 111 takes on a function of transporting holes to the second layer 112, and it is a layer formed of
the composite material of the present invention described in Embodiment Mode 1. Since the composite material of the
present invention exhibits excellent hole injecting property and hole transporting property, the driving voltage of the light
emitting element can be reduced. Note that since the first layer 111 including the composite material of the present
invention has excellent hole transporting property and hole injecting property, it is preferable to provide it between the
anode and a layer taking on a light emitting function. In this embodiment mode, a case where the first layer 111 is
provided so as to be in contact with the first electrode 101 functioning as the anode is described.
[0040] For an organic compound and an inorganic compound that are included in the composite material, those
described in Embodiment Mode 1 may be used.
[0041] Also, because the composite material has high conductivity, a rise in driving voltage can be suppressed even
when film thickness is increased. Consequently, since the first layer 111 can increase in thickness without causing a
rise in driving voltage, short-circuiting of the element due to dust and the like can be suppressed. Such an effect is
effective when the thickness of the first layer 111 is 60 nm or more.
[0042] Further, since the composite material includes an inorganic compound, heat resistance of the light emitting
element can be improved.
[0043] The second layer 112 is a layer that takes on a light emitting function. The second layer 112 may be formed
with a single layer or with a plurality of layers. For example, other than a light emitting layer, a functional layer such as
an electron injecting layer, an electron transporting layer, a hole blocking layer, a hole transporting layer, and/or a hole
injecting layer may be freely combined and provided. Also, for the second layer 112, a known material can be used, and
a low molecular material or a high molecular material can also be used. Note that as a structure of a material forming
the second layer 112, not only a structure of an organic compound material alone is included, but a structure partly
containing an inorganic compound material, is also included. By the second layer 112 also having a structure including
an inorganic compound, an effect of increasing heat resistance even more, can be obtained.
[0044] For a material having a hole injecting property that forms the hole injecting layer, a substance having a hole
transporting property in which its ionization potential is relatively smaller than that of a functional layer that is formed to
be in contact with the hole injecting layer on the other side of an electrode functioning an the anode, can be used. The
material having a hole injecting property is determined relative to the ionization potential, and as examples of substances
that are often used for the hole injecting layer, metal oxides such as vanadium oxide, molybdenum oxide, ruthenium
oxide, and aluminum oxide can be given. Alternatively, if an organic compound is used, a porphyrin based compound
is effective, and phthalocyanine (abbreviation: H2Pc), copper phthalocyanine (abbreviation: CuPc), or the like can be
used. Also, there are materials of conductive high molecular compounds for which chemical doping has been carried
out, and polyethylene dioxythiophene (abbreviation: PEDOT) and polyaniline (abbreviation: PAni) that are doped with
polystyrene sulfonate (abbreviation: PSS), can be used.
[0045] There are no particular limits to a material having a hole transporting property that forms the hole transporting
layer, and as specific examples, 4, 4’-bis[N-(1-naphthyl)-N-phenylamino] biphenyl (abbreviation: NPB); 4,4’-bis[N-(3-
methylphenyl)-N-phenylamino]biphenyl (abbreviation: TPD); 4,4’,4"-tris(N,N-diphenylamino)triphenylamine (abbrevia-
tion: TDATA); 4,4’,4"-tris[N-(3-methylphenyl)-N-phenylamino]triphenylamine (abbreviation: MTDATA); 4,4’-
bis{N-[4-(N,N-di-m-tolylamino)phenyl]-N-phenylamino}biphenyl (abbreviation: DNTPD); 1,3,5-tris[N,N-di(m-tolyl)ami-
no]benzene (abbreviation: m-MTDAB); 4,4’,4"-tris(N-carbazolyl)triphenylamine (abbreviation: TCTA); phthalocyanine
(abbreviation: H2Pc); copper phthalocyanine (abbreviation: CuPc); vanadyl phthalocyanine (abbreviation: VOPc); or the
like can be given. An aromatic amine based compound (in other words, having a benzene ring-nitrogen bond) is particularly
preferable.
[0046] The light emitting layer includes a light emitting substance, and the light emitting substance is herein a substance
that has good light efficiency, and is able to emit light of a desired emission wavelength. Although the light emitting layer
is not particularly limited, it is preferable that it is a layer in which the light emitting substance is dispersed and included
in a layer formed of a substance having a larger energy gap than the energy gap of the light emitting substance. This
layer can prevent light emitted from the light emitting substance from going out due to the concentration of the light
emitting substance. Note that the energy gap refers to an energy gap between the LUMO level and the HOMO level.
[0047] The light emitting substance that forms the light emitting layer is not particularly limited, and a substance having
good light emitting efficiency that is able to emit light of a desired emission wavelength may be used. For example, in
order to emit red light, the following substances exhibiting emission spectrum with peaks at 600 to 680 nm can be
employed: 4-dicyanomethylene-2-isopropyl-6-[2-(1,1,7,7-tetramethyljulolidine-9-yl)ethenyl]-4H-p yran (abbreviation:
DCJTI); 4-dicyanomcthylene-2-methyl-6-[2-(1,1,7,7-tetramethyljulolidinc-9-yl)ethenyl]-4H-pyr an (abbreviation: DCJT);
4-dicyanomethylene-2-tert-butyl-6-[2-(1,1,7,7-tetramethyljulolidine-9-yl)ethenyl]-4H-p yran (abbreviation: DCJTB); per-
iflanthene; 2,5-dicyano-1,4-bis[2-(10-methoxy-1,1,7,7-tetramethyljulolidine-9-yl)ethenyl] benzene; and the like. In order
to obtain green light emission, substances exhibiting emission spectrum with peaks at 500 to 550 nm such as N,N’-
dimethylquinacridon (abbreviation: DMQd), coumarin 6, coumarin 545T, and tris(8-quinolinolate) aluminum (abbreviation:
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Alq3) can be employed. In order to obtain blue light emission, the following substances exhibiting emission spectrum
with peaks at 420 to 500 nm can be employed: 9,10-bis(2-naphthyl)-tert-butylanthracene (abbreviation: t-BuDNA); 9,9’-
bianthryl; 9,10-diphenylanthracene (abbreviation: DPA); 9,10-bis(2-naphthyl) anthracene (abbreviation: DNA); bis(2-
methyl-8-quinolinolate)-4-phenylphenolate-gallium (abbreviation: BGaq); bis(2-methyl-8-quinolinolate)-4-phenylpheno-
late-aluminum (abbreviation: BAlq); and the like. In addition to the above mentioned substances emitting fluorescence,
the following substances emitting phosphorescence can be used as the light emitting substance: bis[2-(3,5-bis(trifluor-
omethyl)phenyl)pyridinato-N,C2’]iridium(III) picolinate (abbreviation: Ir(CF3ppy)2(pic)); bis[2-(4,6-difluorophenyl)pyridi-
nato-N, C2’] iridium(III) acetylacetonate (abbreviation: FIr(acac)); bis[2-(4,6-difluorophenyl)pyridinato-N,C2’]iridium(III)
picolinate (FIr(pic)); tris(2-phenylpyridinato-N, C2’) iridium (abbreviation: Ir(ppy)3); and the like.
[0048] A substance used for dispersing a light emitting substance is not particularly limited. For example, an anthracene
derivative such as 9,10-di(2-naphthyl)-2-tert-butylanthracene (abbreviation: t-BuDNA), a carbazole derivative such as
4,4’-bis(N-carbazolyl) biphenyl (abbreviation: CBP), a metal complex such as bis[2-(2-hydroxyphenyl)pyridinato] zinc
(abbreviation: Znpp2) and bis[2-(2-hydroxyphenyl)benzoxazolato] zinc (abbreviation: ZnBOX), and the like can be used.
[0049] As a material having an electron transporting property that is used for forming the electron transporting layer,
a known material can be used. Specifically, a representative metal complex such as tris(8-quinolinolato) aluminum
(abbreviation: Alq3); tris(4-methyl-8-quinolinolato) aluminum (abbreviation: Almq3); bis(10-hydroxybenzo[h]-quinolinato)
beryllium (abbreviation: BeBq2); bis(2-methyl-8-quinolinolato)-(4-hydroxy-biphenyl)-aluminum (abbreviation: BAlq);
bis[2-(2-hydroxyphenyl)-benzoxazolate] zinc (abbreviation: Zn(BOX)2); and bis[2-(2-hydroxyphenyl)-benzothiazolate]
zinc (abbreviation: Zn(BTZ)2) can be given. In addition, a hydrocarbon compound such as 9,10-diphenylanthracene and
4,4’-bis(2,2-diphenylethenyl) biphenyl is preferably employed. Alternatively, a triazole derivative such as 3-(4-tert-butyl-
phenyl)-4-(4-ethylohenyl)-5-(4-biphenyl)-1,2,4-triazole; a phenanthroline derivative such as bathophenanthroline and
bathocuproin may be used.
[0050] As a material having an electron injecting property that is used to form the electron injecting layer, a known
material can be used. Specifically, alkali metal salt and alkali earth metal salt such as calcium fluoride, lithium fluoride,
lithium oxide and lithium chloride are preferable. Alternatively, a layer in which a donor compound such as lithium is
added to the material having an electron transporting property, such as tris(8-quinolinolato) aluminum (abbreviation:
Alq3) and bathocuproin (abbreviation: BCP) can be used.
[0051] Note that in this embodiment mode, since the first layer 111 takes on a function of a hole injecting layer, it is
not necessary to provide the hole injecting layer for the second layer 112.
[0052] In this embodiment mode, a dopant that contributes to light emission is added only to the light emitting layer
and light emitted from the dopant alone is observed. However, a dopant exhibiting a different light emission may be
added to another layer for example the electron transporting layer or the hole transporting layer. When a color of light
emitted from the light emitting layer and a color of light emitted from the dopant added to another layer are complementary
to each other, white light emission can be obtained.
[0053] By changing the type of at least one of the first electrode 101 and the second electrode 102, the light emitting
element of this embodiment mode has diverse variations. Schematic views of the variations are shown in FIGS. 3A to
3C and FIGS. 4A to 4C. Note that the reference numerals used in FIG. 1 are also used in FIGS. 3A to 3C and FIGS. 4A
to 4C. Further, reference numeral 100 represents a substrate that supports the light emitting element of the present
invention.
[0054] Each of FIGS. 3A to 3C shows an example where a light emitting laminated body 103 is structured by a first
layer 111 and a second layer 112 in this sequence, from a substrate 100 side. At this time, by using a material having
a light transmitting property for the first electrode 101 and using a material having a light shielding property (in particular,
a material also having a reflecting property) for the second electrode 102, light is taken out from the substrate 100 side
as shown FIG 3A. Further, by using a material having a light shielding property ( in particular, a material also having a
reflecting property) for a first electrode 101, and using a material having a light transmitting property for a second electrode
102, light can be taken out from the side opposite the substrate 100, as shown in FIG. 3B. Furthermore, by forming the
first electrode 101 and the second electrode 102 so that both have light transmitting properties, light can also be emitted
from the substrate 100 side and the side opposite the substrate 100, as shown in FIG. 3C.
[0055] Each of FIGS. 4A to 4C shows an example where a light emitting laminated body 103 is structured by a second
layer 112 and a first layer 111, in this sequence from a substrate 100 side. At this time, by forming a first electrode 101
to have a light shielding property (in particular, a material also having a reflecting property) and forming a second electrode
102 to have a light transmitting property, light can be emitted from the substrate 100 side as shown in FIG 4A. Further,
by using a material having a light transmitting property for the first electrode 101, and using a material having a light
shielding property (in particular, a material also having a reflecting property) for a second electrode 102, light can be
emitted from the side opposite the substrate 100, as shown in FIG. 4B. Furthermore, by forming the first electrode 101
and the second electrode 102 so that both have light transmitting properties, light can also be emitted from the substrate
100 side and the side opposite the substrate 100, as shown in FIG. 4C.
[0056] In the light emitting element of this embodiment mode, since the first layer 111 is formed with the composite
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material described in Embodiment Mode 1, extremely strong hole injecting property and hole transporting property are
exhibited. Consequently, even if the first layer 111 increases in thickness, a rise in driving voltage can be suppressed.
Therefore, rise in driving voltage can be suppressed, and a short circuit of the light emitting element can be prevented.
Further, because of an improvement in color purity by optical design, the film thickness of the first layer 111 can be freely
set. Furthermore, since the first layer 111 is formed with the composite material described in Embodiment Mode 1 which
has high transparency, the light emitting element of the present invention can be formed to have good efficiency. Also,
since a film that is formed of the composite material of the present invention has excellent transparency even when its
thickness increases, an effect of absorption by the film due to increase in thickness is small, and a light emitting element
having good efficiency can be formed even when carrying out a short circuit prevention measure or optical design. The
short circuit prevention measure is effective when the thickness of the first layer 111 is 60 nm or more.
[0057] Also, as in the structures of FIGS. 3A to 3C, when the second electrode 102, the second layer 112, and the
first layer 111 are formed in this sequence, and then the first electrode 101 is formed by sputtering, damage to the
second layer 112 which is where a light emitting substance exists, can be reduced.

(Embodiment Mode 3)

[0058] In this embodiment mode, a manufacturing method of the light emitting element shown in Embodiment Mode
2 will be described.
[0059] First, the first electrode 101 is formed. The first electrode 101 may be appropriately formed using a material
such as those mentioned in Embodiment Mode 2, by a known method such as a sputtering method or an evaporation
method.
[0060] Next, the first layer 111 is formed. A formation method of the first layer 111 is not particularly limited; however,
it can be formed by co-evaporation of an organic compound and an inorganic compound which can be used for the
composite material described in Embodiment Mode 1.
[0061] Then, the second layer 112 is formed. The second layer 112 can be formed by a known method and by using
a known material; however formation by an evaporation method is common.
[0062] The second electrode 102 can be formed by a known method and by using a known material. Specifically, the
materials listed in Embodiment Mode 2 as the materials for the first electrode 101 and the second electrode 102 can be
used, and may be formed by a known method such as a sputtering method or an evaporation method. An evaporation
method is a preferable method because it particularly has few damages to the second layer. It is acceptable as long as
one of the first electrode 101 and the second electrode 102, or both have light transmitting properties.
[0063] A light emitting element of the present invention can be manufactured by following the above method. Note
that in this embodiment mode, a method of forming starting from the first electrode 101 is described; however, the light
emitting element may be manufactured sequentially starting from the second electrode 102.

(Embodiment Mode 4)

[0064] In this embodiment mode, a case of providing a layer formed of the composite material between an anode and
a light emitting layer, yet so as not to be in contact with the anode, will be described.
[0065] FIG. 2 shows an example of a structure for a light emitting element of the present invention. The structure is
that of interposing a light emitting laminated body 303 between a first electrode 301 and a second electrode 302. The
light emitting laminated body 303 has a structure of stacking a first layer 311, a second layer 312, and a third layer 313.
In this embodiment mode, a case where the first electrode 301 functions as an anode and the second electrode 302
functions as a cathode will be described.
[0066] The first layer 311 is a layer that has a function of injecting holes. As a material having a hole injecting property
for forming the hole injecting layer, a known material can be used. Specifically, the materials having hole injecting
properties described in Embodiment Mode 2 can be used.
[0067] The second layer 312 is a layer that is formed of the composite material described in Embodiment Mode 1.
The same structure as the first layer 111 described in Embodiment Mode 2 can be applied.
[0068] The third layer 313 takes on a light emitting function, and the same structure as the second layer 112 described
in Embodiment Mode 2 can be applied.
[0069] In the light emitting element of this embodiment mode, since the second layer 312 is formed by the composite
material described in Embodiment Mode 1, extremely strong hole injecting property and hole transporting property are
exhibited. Therefore, an increase in driving voltage can be suppressed even when the thickness of the second layer
312 is increased. Consequently, a rise in driving voltage can be suppressed, and prevent a short circuit of the light
emitting element. Further, because of an improvement in color purity by optical design, the film thickness of the second
layer 312 can be freely set. Furthermore, since the second layer 312 is formed with the composite material described
in Embodiment Mode 1 which has high transparency, the light emitting element of the present invention can be formed
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to have good efficiency. Also, since a film that is formed of the composite material of the present invention has excellent
transparency even when its thickness increases, an effect of absorption of the film due the increase in thickness is small,
and a light emitting element having good efficiency can be formed even when carrying out a short circuit prevention plan
or optical design. The short circuit prevention is effective when the thickness of the second layer 312 is 60 nm or more.

(Embodiment Mode 5)

[0070] In this embodiment mode, a light emitting element having a different structure than another described structure,
will be described with reference to FIG. 5.
[0071] FIG. 5 shows one example of a structure for a light emitting element of the present invention. The structure is
that of interposing a light emitting laminated body 203 between a first electrode 201 and a second electrode 202. The
light emitting laminated body 203 has a structure of stacking a first layer 211, a second layer 212, a third layer 213, and
a fourth layer 214, in this sequence. In this embodiment mode, a case where the first electrode 201 functions as an
anode, and the second electrode functions as a cathode is described.
[0072] The light emitting element of this embodiment mode operates in the following manner. First, by applying voltage
so that the electrical potential of the first electrode 201 is higher than that of the second electrode 202, holes are injected
to the second electrode 202 from the fourth layer 214, and electrons are injected to the second layer 212 from the third
layer 213. Also, holes are injected to the first layer 211 from the first electrode 201, and holes are injected to the second
layer 212 from the first layer 211. The holes that are injected from the first layer 211 and the electrons that are injected
from the third layer 213 are recombined in the second layer 212, so that a light emitting substance is excited. Then, the
light emitting substance emits light upon returning to a ground state from the excited state.
[0073] For the first electrode 201, the second electrode 202, the first layer 211, and the second layer 212, the same
structures as those of the first electrode 101, the second electrode 102, the first layer 111, and the second layer 112 in
Embodiment Mode 2 can be applied, respectively. In other words, a known material can be used for the first electrode,
the first layer 211 is a layer that is formed with the composite material described in Embodiment Mode 1, and the second
layer 212 is a layer that takes on a light emitting function.
[0074] The third layer 213 is a layer including a material having a donor level that generates electrons. As such a
layer, for example, a layer that contains an electron transporting substance and a substance exhibiting an electron
donating property with respect to the substance can be given. The electron transporting substance mentioned here is
a substance which has a stronger electron transporting property than a hole transporting property. The electron trans-
porting substance is not particularly limited. For example, a metal complex such as tris(8-quinolinolato) aluminum (ab-
breviation: Alq3), tris(4-methyl-8-quinolinolato) aluminum (abbreviation: Almq3), bis(10-hydroxybenzo[h]-quinolinato) be-
ryllium (abbreviation: BeBq2), bis(2-methyl-8-quinolinolato)-4-phenylphenolato-aluminum (abbreviation: BAlq), bis[2-(2-
hydroxyphenyl)benzoxazolato] zinc (abbreviation: Zn(BOX)2), and bis[2-(2-hydroxyphenyl)benzothiazolato] zinc (abbre-
viation: Zn(BTZ)2) can be given. In addition, 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (abbreviation: PBD),
1,3-bis(5-(p-tert-butylphenyl)-1,3,4-oxadiazole-2-yl] benzene (abbreviation: OXD-7), 3-(4-tert-butylphenyl)-4-phenyl-
5-(4-biphenylyl)-1,2,4-triazole (abbreviation: TAZ), 3-(4-tert-butylphenyl)-4-(4-ethylphenyl)-5-(4- biphenylyl)-1,2,4-tria-
zole (abbreviation: p-EtTAZ), bathophenanthroline (abbreviation: BPhen), bathocuproin (abbreviation: BCP), or the like
can be used. Also, there are no particular limits to the substance exhibiting an electron donating property with respect
to the electron transporting substance. For example, alkali metals such as lithium and cesium; alkali earth metals such
as magnesium and calcium; rare-earth metal such as erbium and ytterbium and the like can be used. Further, a substance
selected from alkali metal oxides and alkali earth metal oxides such as lithium oxide (Li2O), calcium oxides (CaO), sodium
oxide (Na2O), potassium oxide (K2O), and magnesium oxide (MgO), may be used as the substance exhibiting an electron
donating property with respect to the electron transporting substance. Note that alkali metal oxides, alkali earth metal
oxides, and the like are easy to handle, since they have low reactivity. Also, the second layer 312 may be a layer formed
with an n-type semiconductor such as zinc oxide, zinc sulfide, zinc selenide, tin oxide or titanium oxide.
[0075] The fourth layer 214 has a structure that includes an organic compound, and an inorganic compound exhibiting
an electron accepting property with respect to the organic compound. Therefore, the same inorganic compounds listed
in Embodiment Mode 1 can be used as the inorganic compound that is included in the fourth layer. However, the inorganic
compound that is included in the fourth layer 214 may be the same as the inorganic compound that is included in the
first layer 211, or a different inorganic compound may be used.
[0076] Further, since the first layer 211 and the fourth layer 214 are formed using the composite material of the present
invention, strong hole injecting property and hole transporting property are exhibited. Consequently, a rise in driving
voltage can be suppressed even when the thickness of the first layer 211 is increased. Therefore, in the light emitting
element of this embodiment mode, layers on both sides of the second layer 212 that takes on a light emitting function
can be extremely thick, and further, a short circuit of the light emitting element can be effectively prevented. Also, because
of an improvement in color purity by optical design, the film thickness of layers on both sides of the second layer 212
can be freely set. Further, in a case of forming the first electrode 201 or the second electrode 202 by sputtering after
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forming the light emitting laminated body 203, damage to the second layer 212 which is where the light emitting substance
exists, can be reduced. Furthermore, by forming the first layer 211 and the fourth layer 214 with the same material, both
sides of the light emitting laminated body 203 is formed with the same material, and an effect of suppressing distortion
caused by stress can also be expected. Also, since the composite material of the present invention which has high
transparency is used for the first layer 211 and the fourth layer 214, the light emitting element of the present invention
in this embodiment mode is an efficient light emitting element.
[0077] Note that by changing the type of at least one of the first electrode 201 and the second electrode 202, the light
emitting element of this embodiment mode also has diverse variations. Schematic views of the variations are shown in
FIGS. 6A to 6C and FIGS. 7A to 7C. Note that the reference numerals used in FIG. 5 are also used in FIGS. 6A to 6C
and FIGS. 7A to 7C. Further, reference numeral 200 represents a substrate that supports the light emitting element of
the present invention.
[0078] FIGS 6A to 6C each show an example of a case where a light emitting laminated body 203 is structured by a
first layer 211, a second layer 212, a third layer 213, and a fourth layer 214 in this sequence, from a substrate 200 side.
At this time, by using a material having a light transmitting property for a first electrode 201, and using a material having
a light shielding property (in particular, a material also having a reflecting property) for a second electrode 202, light is
emitted from the substrate 200 side, as in FIG. 6A. Further, by using a material having a light shielding property (in
particular, a material also having a reflecting property) for the first electrode 201, and using a material having a light
transmitting property for the second electrode 202, light is emitted from the side opposite the substrate 200, as shown
in FIG. 6B. Furthermore, by forming the first electrode 201 and the second electrode 202 so that both have light transmitting
properties, light can also be emitted from the substrate 200 side and the side opposite the substrate 200, as shown in
FIG 6C.
[0079] Each of FIGS. 7A to 7C shows an example where a light emitting laminated body 203 is structured by a fourth
layer 214, a third layer 213, a second layer 212, and a first layer 211, in this sequence from a substrate 200 side. At this
time, by using a material having a light shielding property (in particular, a material also having a reflecting property) for
a first electrode 201, and using a material having a light transmitting property for a second electrode 202, light is taken
out from the substrate 200 side as shown in FIG. 7A. Further, by using a material having a light transmitting property
for the first electrode 201 and using a material having a light shielding property (in particular, a material also having a
reflecting property) for the second electrode 202, light can be taken out from the side opposite the substrate 200, as
shown in FIG. 7B. Furthermore, by forming the first electrode 201 and the second electrode 202 so that both have light
transmitting properties, light can also be emitted from the substrate 200 side and the side opposite the substrate 200,
as shown in FIG. 7C.
[0080] Note that when manufacturing the light emitting element of this embodiment mode, it can be manufactured
according to the method described in Embodiment Mode 3.
[0081] Also, the first layer 211, the second layer 212, the third layer 213, and the fourth layer 214 may be stacked in
this sequence after forming the first electrode 201,and then the second electrode may be formed; or the fourth layer
214, the third layer 213, the second layer 212, and the first layer 211 may be stacked in this sequence after forming the
second electrode 202, and then the first electrode 201 may be formed.
[0082] Note that the structure can be that of forming the first layer 211 using a material having a donor level that
generates electrons; forming the third layer 213 using the composite material of the present invention; and forming the
fourth layer 214 using a material including a material having a donor level that generates electrons. In this case, the
third layer 213 has an excellent hole transporting property since it is formed using the composite material of the present
invention. Therefore, driving voltage of the light emitting element can be reduced. Also, because of an improvement in
color purity by optical design, the film thickness of the third layer 213 can be freely set. Further, because the third layer
213 uses the composite material of the present invention which has high transparency, an efficient light emitting element
can be formed. Furthermore, since a film that is formed of the composite material of the present invention has excellent
transparency even when its thickness increases, an effect of absorption by the film due to increase in thickness is small,
and a light emitting element having good efficiency can be formed even when carrying out a short circuit prevention plan
or optical design. The short circuit prevention measure is effective when the thickness of the third layer 213 is 60 nm or
more.

(Embodiment Mode 6)

[0083] In this embodiment mode, a structure of a light emitting element in which a plurality of layers taking on a light
emitting function sandwiching a layer made of the composite material, is described.
[0084] FIG. 11 shows an example of a structure for the light emitting element of the present invention. The structure
is that of interposing a light emitting laminated body 403 between a first electrode 401 and a second electrode 402. The
light emitting laminated body 403 has a structure of stacking a first layer 411, a second layer 412, and a third layer 413,
and a fourth layer 414. In this embodiment mode, a case where the first electrode 401 functions as an anode, and the
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second electrode 402 functions as a cathode is described.
[0085] The light emitting element of this embodiment mode operates in the following manner. First, by applying voltage
so that the electrical potential of the first electrode 401 is higher than that of the second electrode 402, holes are injected
to the first layer 411 from the first electrode 401, electrons are injected to the first layer 411 from the second layer 412,
holes are injected to the fourth layer 414 from the third layer 413, and electrons are injected to the fourth layer 414 from
the second electrode 402. The holes that are injected from the first electrode 401 and the electrons that are injected
from the second layer 412 are recombined in the first layer 411, so that a light emitting substance is excited. Then, the
light emitting substance emits light upon returning to a ground state from the excited state. Further, holes that are injected
from the third layer 413 and electrons that are injected from the second electrode 402 also recombine in the fourth layer
414 so that a light emitting substance in the fourth layer 414 is excited, and light emission can be obtained.
[0086] The first layer 411 is a first layer taking on a light emitting function, and the fourth layer 414 is a second layer
taking on a light emitting function. The same structure can be applied to the first layer taking on a light emitting function
and the second layer taking on a light emitting function, as the structure of the second layer 112 described in Embodiment
Mode 2. As for the layer structures of each of the first layer taking on a light emitting function and the second layer taking
on a light emitting function, they may be the same or different from each other. Also, a color of light emitted from a light
emitting layer in the first layer having a light emitting function, and a color of light emitted from a light emitting layer in
the second layer having a light emitting function may be the same or different. If the two layers have the same colors of
emitted light, then twice the luminance can be obtained with the same current density. Furthermore, by the two layers
having different colors of emitted light, light emission of a color in which the two colors are mixed can be obtained.
[0087] The second layer 412 is a layer that includes a material having a donor level that generates electrons, and the
same structure as that of the third layer 213 described in Embodiment Mode 5 can be applied. The third layer 413 is a
layer that is formed using the composite material described in Embodiment Mode 1. Since the third layer 413 is a layer
that is formed by using the composite material of the present invention, it has excellent transparency, loss of emitted
light is little even when it is interposed between the first layer taking on a light emitting function and the second layer
taking on a light emitting function, and a light emitting element with better efficiency can be formed.
[0088] Note that when manufacturing the light emitting element of this embodiment mode, it can be manufactured
according to the method described in Embodiment Mode 3.
[0089] Note that this embodiment mode can be used by appropriately and freely combining it with Embodiment Modes
1 to 5.

(Embodiment Mode 7)

[0090] In this embodiment mode, a light emitting device having a light emitting element of the present invention will
be described.
[0091] In this embodiment, a light emitting device having the light emitting element of the present invention in a pixel
region is described with reference to FIGS. 9A and 9B. Note that FIG. 9A is a top view showing the light emitting device,
and FIG 9B is a cross-sectional view of the figure in FIG. 9A along the lines A-A’ and B-B’. A reference numeral 601
shown by dotted line represents a driving circuit portion (source side driving circuit), a reference numeral 602 represents
a pixel portion, and a reference numeral 603 represents a driving circuit portion (gate side driving circuit). Also, a reference
numeral 604 represents a sealing substrate, a reference numeral 605 represents a sealant, and the inside that is
surrounded by the sealant 605 is a space 607.
[0092] Note that a leading wiring 608 is a wiring for transmitting a signal that is inputted into the source side driving
circuit 601 and the gate side driving circuit 603, and video signals, clock signals, start signals, reset signals and the like
are received from an FPC (flexible print circuit) 609, which is a external input terminal. Although only the FPC is shown
in the figures, a print wiring board (PWB) may be attached to this FPC. The light emitting device in this specification
includes not only the principal body of the light emitting device, but also conditions in which an FPC or a PWB attached to it.
[0093] Subsequently, a cross-sectional structure is described with reference to FIG. 9B. The driving circuit portions
and the pixel portion are formed over an element substrate 610; however, the source side driving circuit 601 that is a
driving circuit portion, and a single pixel of the pixel portion 602 are shown herein.
[0094] A CMOS circuit combining an n-channel type TFT 623 and a p-channel type TFT 624 is formed for the source
side driving circuit 601. A TFT forming the driving circuit may be formed with a known CMOS circuit, a PMOS circuit, or
a NMOS circuit. Although this embodiment mode shows a driver integrated type where the driving circuits are formed
over a substrate, this structure is not absolutely necessary, and the driving circuits can be formed externally.
[0095] The pixel portion 602 is formed of a plurality of pixels including a current control TFT 612 and a first electrode
613 that is electrically connected to a drain thereof, and a switching TFT 611. Note that an insulator 614 is formed
covering an end portion of the first electrode 613. A positive type photosensitive acrylic resin film is used herein to form
the insulator.
[0096] Also, the insulator 614 is provided such that an upper end portion or a lower end portion of the insulator has a
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curved surface having curvature. For example, when a positive type photosensitive acrylic resin is used as a material
for the insulator 614, it is preferable that only the upper end portion of the insulator 614 has a curved surface with a
curvature radius (0.2 mm to 3mm). Further, the insulator 614 can be formed using either a negative type photosensitive
acrylic resin that becomes insoluble in an etchant due to light, or a positive photosensitive acrylic resin that becomes
soluble in an etchant due to light.
[0097] A light emitting laminated body 616 and a second electrode 617 are each formed over the first electrode 613.
Here, as a material for the first electrode 613 that functions as an anode in this embodiment mode, it is desirable to use
a material having a large work function. For example, a single layer film such as an ITO film, an ITSO film, an IZO film,
a titanium nitride film, a chromium film, a tungsten film, a Zn film or a Pt film can be used. In addition, a laminated layer
including a titanium nitride film and a layer having aluminum as its main component; a three-layer structure of a titanium
nitride film, a film having aluminum as its main component, and a titanium nitride film; or the like can be used. Note that
with a laminated structure, resistance as a wiring is low, and good ohmic contact can be obtained.
[0098] The light emitting laminated body 616 includes a layer formed with the composite material that generates holes,
which is described in Embodiment Mode 1. The composite material described in Embodiment Mode 1 has excellent
carrier injecting property and carrier transporting property. Therefore, driving voltage for the light emitting element and
the light emitting device can be reduced.
[0099] Further, as a material for the second electrode 617 (cathode) that is formed over the light emitting laminated
body 616, a material having a small work function (Al, Ag, Li, Ca; or an alloy thereof, as in MgAg, MgIn, AlLi, CaF2, or
Ca3N4) is preferably used. In a case of transmitting light that is generated in the light emitting laminated body 616 through
the second electrode 617, a lamination of a thin metal film for which the thickness is reduced, and a transparent conductive
film (such as ITO, IZO, ITSO, or ZnO) is preferable to be used as the second electrode 617.
[0100] Further, by sticking together the sealing substrate 604 and the element substrate 610 with the sealant 605, the
structure is that of providing a light emitting element 618 in the space 607 which is surrounded by the element substrate
610, sealing substrate 604, and the sealant 605. Note that in the space 607, there is also a structure in which it is filled
with the sealant 605, in addition to a case in which an inert gas (such as nitrogen or argon) is filled.
[0101] It is preferable to use an epoxy resin for the sealant 605. Also, it is desirable that these materials do not transmit
moisture or oxygen as much as possible. Further, as a material for the sealing substrate 604, a glass substrate or a
quartz substrate can be used. In addition, a plastic substrate formed with FRP (Fiberglass-Reinforced Plastics), PVF
(polyvinylfluoride), myler, polyester, acrylic, or the like can be used.
[0102] In the above manner, the light emitting device having the light emitting element of the present invention can
be obtained.
[0103] Since the light emitting device of the present invention uses the composite material described in Embodiment
Mode 1, driving voltage can be reduced. Therefore, it is possible to reduce power consumption.
[0104] Further, since the composite material described in Embodiment Mode 1 that is included in the light emitting
element of the present invention has high conductivity, the light emitting laminated body 616 can be formed to be thick
without causing a rise in driving voltage. Consequently, short-circuiting of the element due to dust and the like can be
suppressed. Therefore, a light emitting device with fewer defects can be provided.
[0105] Since the composite material described in Embodiment Mode 1 that is included in the light emitting element of
the present invention has excellent transparency, loss of emitted light due to forming a film of the material is little, and
an efficient light emitting device can be formed. Also, since a film that is formed of the composite material of the present
invention has excellent transparency even when its thickness increases, an effect of absorption by the film due to increase
in thickness is small, and a light emitting element having good efficiency can be formed even when carrying out a short
circuit prevention plan or optical design. The short circuit prevention is effective when the thickness of a layer formed
with the composite material of the present invention is 60 nm or more.
[0106] As set forth above, in this embodiment mode, an active type light emitting device in which a transistor controls
the driving of a light emitting element is described. In addition, however, the light emitting device may be a passive type
light emitting device which drives the light emitting element without particularly providing an element for driving such as
a transistor. FIG 8 shows a perspective view of a passive type light emitting device that is manufactured in accordance
with the present invention. In FIG 8, a light emitting laminated body 955 is provided between an electrode 952 and an
electrode 956, over a substrate 951. An end portion of the electrode 952 is covered with an insulating layer 903. A
partition layer 954 is provided over the insulating layer 903. The side walls of the partition layer 954 are sloped so that
the distance between one side wall and the other gradually narrows towards the surface of the substrate. In other words,
a cross section of the narrow direction of the partition layer 954 has a trapezoidal shape, and a lower side (which faces
a surface of the insulating layer 903 and is in contact with the insulating layer 903) is shorter than an upper side (which
faces the surface of the insulating layer 903 and is not in contact with the insulating layer 903). In this manner, by
providing a partition layer 954, a defect of the light emitting element due to static electricity and the like can be prevented.
Further, by including the light emitting element of the present invention which operates with low driving voltage in a
passive type light emitting device also, the passive type light emitting element can be driven with low power consumption.
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Short-circuiting of an element due to dust and the like can also be suppressed, and a light emitting device with fewer
defects can be provided. Further, an efficient light emitting device can be formed. Furthermore, an efficient light emitting
element can be formed even when carrying out a short circuit prevention measure or optical design.

(Embodiment Mode 8)

[0107] In this embodiment mode, electronic appliances of the present invention will be described.
[0108] As electronic appliances of the present invention, a camera such as a video camera and a digital camera, a
goggle type display, a navigation system, a sound reproduction apparatus (such as a car audio or an audio component),
a personal computer, a game machine, a mobile information terminal (such as a mobile computer, a cell phone, a portable
game machine, or an electronic book), an image reproduction apparatus equipped with a recording medium(specifically,
a device which can reproduce a recording medium such as a digital versatile disk (DVD) and is equipped with a display
device capable of displaying the image) and the like can be given. Specific examples of these electronic appliances are
shown in FIGS. 10A to 10E.
[0109] FIG. 10A is a television receiver including a housing 9101, a supporting base 9102, a display portion 9103,
speaker portions 9104, a video input terminal 9105, and the like. The television receiver is manufactured by using a light
emitting device having a light emitting element that is described in any one of Embodiment Modes 2 to 6, for the display
portion 9103. As a result, a television receiver having a display portion with low power consumption and few defects can
be obtained. Note that the television receiver includes all apparatuses for information display, such as for computers,
for TV broadcastings, for advertisements, and the like.
[0110] FIG. 10B is a computer including a main body 9201, a housing 9202, a display portion 9203, a keyboard 9204,
an external connection port 9205, a pointing mouse 9206, and the like. The computer is manufactured by using the light
emitting device having the light emitting element that is described in any one of Embodiment Modes 2 to 6, for the display
portion 9203. As a result, a computer having a display portion with low power consumption and few defects can be
obtained.
[0111] FIG 10C is a goggle-type display including a main body 9301, a display portion 9302, arm portions 9303, and
the like. The goggle-type display is manufactured by using the light emitting device having the light emitting element
that is described in any one of Embodiment Modes 2 to 6, for the display portion 9302. As a result, a goggle type display
having a display portion with low power consumption and few defects can be obtained.
[0112] FIG 10D is a cell phone including a main body 9401, a housing 9402, a display portion 9403, an audio input
portion 9404, an audio output portion 9405, operation keys 9406, an external connection port 9407, an antenna 9408,
and the like. The cell phone is manufactured by using the light emitting device having the light emitting element that is
described in any one of Embodiment Modes 2 to 6, for the display portion 9403. As a result, a cell phone having a display
portion with low power consumption and few defects can be obtained. Note that power consumption of the cell phone
can be suppressed by displaying white characters against a black back for the display portion 9403.
[0113] FIG. 10E is a camera including a main body 9501, a display portion 9502, a housing 9503, an external connection
port 9504, a remote-control receiving portion 9505, an image receiving portion 9506, a battery 9507, an audio input
portion 9508, operation keys 9509, an eyepiece portion 9510, and the like. The camera is manufactured by using the
light emitting device having the light emitting element that is described in any one of Embodiment Modes 2 to 6, for the
display portion 9502. As a result, a camera having a display portion with low power consumption and few defects can
be obtained.
[0114] As set forth above, the application range of the present invention is extremely wide, and can be applied to
electronic appliances in various fields. The electronic appliances of the present invention are electronic appliances of
low power consumption, and have few defects.

[Embodiment 1]

[0115] The absorption spectrum for the composite material of the present invention will be described in this embodiment.
In FIG. 12, absorption spectrums of a film of the organic compound (4,4’-bis(N-carbazolyl) biphenyl (abbreviation: CBP))
alone represented in the above structural formula (8), and a film that is formed with the composite material of the present
invention that is formed by CBP and molybdenum oxide (weight ratio of CBP to molybdenum oxide is 1:0.25, and molar
ratio of CBP to molybdenum oxide is 1:0.8) is shown. Both the film formed of CBP alone and the film formed with the
composite material of the present invention that is formed by CBP and molybdenum oxide, are formed by an evaporation
method. In particular, the film formed with the composite material of the present invention that is formed with CBP and
molybdenum oxide, was formed by a co-evaporation method. Note that for CBP, "DCBP (sublimed purified product)"
manufactured by Dojindo Laboratories was used, and for the molybdenum oxide, 99.999% pure molybdic anhydride
manufactured by Japan Pure Chemical Co., Ltd. was used.
[0116] From FIG. 12, it is observed that the absorption spectrum of the composite material of the present invention
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formed of CBP and molybdenum oxide, does not have large absorption in the visible light region, and it is a material
having excellent transparency. Further, since the absorption spectrum of the composite material of the present invention
formed of CBP and molybdenum oxide has a different form than the spectrum of CBP, the composite material of the
present invention formed of CBP and molybdenum oxide being a different material from CBP is suggested.

[Embodiment 2]

[0117] In this embodiment, a characteristic of the light emitting element of the present invention using the composite
material of the present invention will be described.
[0118] A manufacturing method for the light emitting element of the present invention used for measurement is de-
scribed. First, as an electrode functioning as an anode of the light emitting element, ITSO was formed to have a thickness
of 110 nm over a substrate by a sputtering method.
[0119] Subsequently, the composite material of the present invention was formed with a thickness of 50 nm over the
ITSO by an evaporation method. The composite material in this embodiment includes CBP as an organic compound
and molybdenum oxide as an inorganic material, and the mass ratio of CBP to molybdenum oxide was set to be 4:2.
Note that for CBP, "DCBP (sublimed purified product)" manufactured by Dojindo Laboratories was used, and for the
molybdenum oxide, 99.999% pure molybdic anhydride manufactured by Japan Pure Chemical Co., Ltd. was used. Also,
as represented in the above general formula (3), CBP is one type of aryl carbazole having two carbazolyl groups.
[0120] Then, NPB was formed as a hole transporting layer with a thickness of 10 nm by an evaporation method, and
a light emitting layer using Alq3 as a host material and coumarin 6 as a guest material was formed over it so as to have
a thickness of 40 nm. Alq3 and coumarin 6 were formed by a co-evaporation method so as to have a weight ratio of 1:0.01.
[0121] Subsequently, as an electron transporting layer, Alq3 was formed with a thickness of 10 nm by an evaporation
method. As a hole injecting layer, Alq3 and Li were formed to have a thickness of 30 nm by a co-evaporation method.
Alq3 and Li of the hole injecting layer were formed so as to have a weight ratio of 1:0.01.
[0122] Lastly, as an electrode functioning as a cathode of the light emitting element, A1 was formed with a thickness
of 200 nm, and the light emitting element of the present invention was formed.
[0123] As a comparative example, an element in a case where the organic compound for the layer of the light emitting
element of the present invention which is formed of the composite material of the present invention, was CBP was
measured; therefore a manufacturing method for the element will be described. First, as an electrode functioning as an
anode of the light emitting element, a film of ITSO was formed to have a thickness of 110 nm thick over a substrate by
a sputtering method.
[0124] Subsequently, CBP was formed with a thickness of 50 nm by an evaporation method over the ITSO. Note that
for CBP, "DCBP (sublimed purified product)" manufactured by Dojindo Laboratories was used.
[0125] Then, NPB was formed as a hole transporting layer with a thickness of 10 nm by an evaporation method, and
a light emitting layer using Alq3 as a host material and coumarin 6 as a guest material was formed thereover so as to
have a thickness of 40 nm. Alq3 and coumarin 6 were formed by a co-evaporation method so as to have a weight ratio
of 1:0.01.
[0126] Subsequently, as an electron transporting layer, Alq3 was formed with a thickness of 10 nm by an evaporation
method. As a hole injecting layer, Alq3 and Li were formed to have a thickness of 30 nm by a co-evaporation method.
The hole injecting layer was formed so that Alq3 and Li have a weight ratio of 1:0.01.
[0127] Lastly, as an electrode functioning as a cathode of the light emitting element, A1 was formed with a thickness
of 200 nm, and the light emitting element of the comparative example was formed.
[0128] The structure of the light emitting element in this embodiment and the structure of the light emitting element of
the comparative example are shown is the following table.

[0129] FIG 14 and FIG. 13 show luminance-voltage characteristics and current-voltage characteristics of the light
emitting element of the present invention and the light emitting element of the comparative example, which were man-
ufactured in the above manner.
[0130] FIG 14 shows that the light emitting element of the present invention using CBP as the organic compound can
allow more current to flow with lower voltage than the light emitting element using only CBP instead. Also, FIG 13 shows
that the light emitting element of the present invention using CBP as the organic compound can obtain greater luminance
of emitted light with lower voltage than the light emitting element using only CBP instead. As a result, it can be understood

TABLE 1

embodiment
substrate ITSO

CBP:MoOx(4:2)
NPB Alq:coumarin 6 (1:0.01) Alq Al

comparative example CBP
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that by using the composite material of the present invention, less voltage can be applied to a light emitting element.
Also, it is found that the light emitting element of the present invention is an element with less voltage applied.

[Embodiment 3]

[0131] In this embodiment, a light emitting element as described in Embodiment Mode 5 (FIG. 5) that is provided with
a layer using the composite material of the present invention on both sides of a layer taking on a light emitting function,
will be described. The reference numerals in FIG. 5 are used below
[0132] As a first electrode 201 that functions as an anode of the light emitting element, a film of ITSO was formed to
have a thickness of 110 nm over a substrate by a sputtering method.
[0133] Subsequently, as a first layer 2111, the composite material of the present invention was formed with a thickness
of 50 nm over the ITSO by an evaporation method. The composite material includes CBP as an organic compound and
molybdenum oxide as an inorganic compound in the same manner as in Embodiment 2, and was formed by co-evaporating
CBP and molybdic anhydride so that the mass ratio of CBP:molybdenum oxide was 4:2.
[0134] Next, a layer 212 that takes on a light emitting function, in which a hole transporting layer, a light emitting layer,
and an electron transporting layer are sequentially stacked, was formed. Note that the hole transporting layer was formed
by depositing 10 nm of NPB. Also, the light emitting layer was formed by co-evaporating Alq3 and coumarin 6 at a mass
ratio of 1:0.01 (in other words, Alq3 is a host material, and coumarin 6 is a guest material). The film thickness was 40
nm. The electron transporting layer was formed by depositing Alq3 with a thickness of 10 nm.
[0135] Further, as a third layer 213, a layer that is formed with Alq3 and Li was formed with a thickness of 10 nm by
co-evaporating Alq3 and Li. At this time, the ratio of Alq3 and Li was adjusted so that Alq3:Li=1:0.01 in mass ratio. Note
that Alq3 functions as an electron transporting substance, and Li functions as a substance exhibiting an electron donating
property with respect to the electron transporting substance.
[0136] Subsequently, as a fourth layer 214, a film of the composite material of the present invention was formed with
a thickness of 20 nm by an evaporation method. The composite material includes CBP as an organic compound and
molybdenum oxide as an inorganic compound in the same manner as for the first layer 211, and was formed by co-
evaporating CBP and molybdic anhydride so that the mass ratio of CBP:molybdenum oxide was 4:2.
[0137] Lastly, as a second electrode 202 that functions as a cathode, A1 was formed with a thickness of 200 nm, and
the light emitting element of this embodiment was obtained.
[0138] FIG 16 and FIG 17 show each of a current-voltage characteristic and a luminance-voltage characteristic of the
light emitting element of the present invention that was formed in the above manner. From this, it was found that a light
emitting element such as the one in FIG 5, in which a layer using the composite material of the present invention is
provided on both sides of a layer taking on a light emitting function, also operates with low driving voltage.

[Embodiment 4]

[0139] In this embodiment, a light emitting element was manufactured in the same manner as in Embodiment 2, except
that CzPA represented in the structural formula (24) was used instead of CBP. Note that CzPA is one type of aryl
carbazole having one carbazolyl group, as represented in the above general formula (2).

[0140] FIG 18 and FIG. 19 show the current-voltage characteristic and the luminance-voltage characteristic, respec-
tively, of the manufactured light emitting element of the present invention. From this, it was found that the light emitting
element using the composite material of the present invention operates with low driving voltage.

[Embodiment 5]

[0141] In this embodiment, a light emitting element was manufactured in the same manner as in Embodiment 3, except
that CzPA was used instead of CBP.
[0142] FIG. 20 and FIG 21 show the current-voltage characteristic and the luminance-voltage characteristic, respec-
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tively, of the manufactured light emitting element of the present invention. From this, it was found that a light emitting
element such as the one in FIG. 5, in which a layer using the composite material of the present invention is provided on
both sides of a layer taking on a light emitting function, also operates with low driving voltage.

[Embodiment 6]

[0143] In this embodiment, a characteristic of the light emitting element of the present invention using the composite
material of the present invention is described. In this embodiment, as an organic compound for the composite material
of the present invention, TCzB represented in the structural formula (25) below, was used. Note that as represented in
the above general formula (4), TCzB is one type of aryl carbazole having three carbazolyl groups.

[0144] First, as an electrode that functions as an anode of the light emitting element, a 110 nm film of ITSO was formed
by a sputtering method.
[0145] Subsequently, the composite material of the present invention was formed with a thickness of 50 nm by an
evaporation method, over the ITSO. The composite material includes TCzB as an organic compound and molybdenum
oxide as an inorganic compound, and was formed by co-evaporating TCzB and molybdic anhydride so that the mass
ratio of CBP:molybdenum oxide was 4:2.
[0146] Next, as a hole transporting layer, TCzB was deposited to be 10 nm thick. As a light emitting layer which emits
blue light, t-BuDNA was deposited thereover with a thickness of 40 nm. Further, Alq3 was deposited to be 20 nm thick
as an electron transporting layer. Lastly, as an electrode that functions as a cathode, A1 was deposited to be 200 nm
thick, and the light emitting element of the present invention was obtained.
[0147] FIG 22 and FIG. 23 show the current-voltage characteristic and the luminance-voltage characteristic, respec-
tively, of the light emitting element of the present invention formed in the above manner. From this, it was found that the
light emitting element using the composite material of the present invention operates with low driving voltage.

[Embodiment 7]

[0148] In this embodiment, a vapor deposition apparatus for forming a layer that is formed with the composite material
of the present invention will be described. As an example of the vapor deposition apparatus, a perspective view is shown
in FIGS. 15A. A mechanism of the vapor deposition apparatus is briefly described below.
[0149] A substrate 701 is preliminarily aligned with a vapor deposition mask 702, and the substrate is transported in
a direction of an arrow 706 while in the aligned state with the vapor deposition mask 702. The substrate is transported
and passes above a deposition shield 703a. The deposition shield 703a has openings 703b, and a deposition material
from a deposition source 704 is sublimed through the openings 703b. In order to maintain a sublimation direction 716
of the deposition material from the openings 703b, the deposition shield 703a is heated so that the deposition material
does not stick to the deposition shield itself.
[0150] A plurality of crucibles can be set on the deposition source 704, and the deposition source 704 can also be
moved in a direction of an arrow 705. A resistance heating method is used for an evaporation method. Further, it is
desirable that a movement range of the deposition source is wider than a width Wa of the substrate. Furthermore, by a
width Wb of the deposition shield also being wider than the width Wa of the substrate, the uniformity of a deposited film
is improved.
[0151] In other words, the vapor deposition apparatus that is shown in FIG 15A has a mechanism of providing the
deposition shield to maintain the sublimation direction of the deposition material in a film-forming chamber, providing a
plurality of openings, wherein the deposition material is sublimed through those openings. A lower portion of the deposition
shield has the deposition source that can move in a perpendicular direction to a movement direction (also called a
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transport direction) of the substrate. Further, the film thickness uniformity of a deposited film is improved by the width
Wb of the deposition shield being wider than the width Wa of the substrate.
[0152] Note that, there are no particular limits to the shape or number of the openings 703b for the vapor deposition
apparatus in FIG. 15A.
[0153] In order to replenish the crucibles of the deposition source with the deposition material, a setting chamber that
is attached to the film-forming chamber via a gate may be provided. Also, a plurality of deposition sources and deposition
shields may be provided in a single film-forming chamber. A top view of a vapor deposition apparatus in a case of
providing a plurality of deposition sources and setting chambers is shown in FIG. 15B. A setting chamber 707 is provided
in the movement direction (direction of the arrow 705) of the deposition source, and when replenishing the deposition
material, replenishment can be carried out by moving the deposition source to the setting chamber. In order to replenish
the evaporation source with the deposition material in a case where the deposition source is fixed to the film-forming
chamber, the inside of the film-forming chamber must be at atmospheric pressure, and in order to carry out another
deposition, it takes time to make the inside of the film-forming chamber into a vacuum again. By providing the setting
chamber 707, the deposition material can be replenished in a short amount of time since only the inside of the setting
chamber needs to change between atmospheric pressure and a vacuum, while the degree of vacuum of the film-forming
chamber 700 is maintained.
[0154] Also, another deposition shield 709 may be provided to be parallel to the deposition shield 703a, and another
deposition source 708 that moves perpendicularly to the movement direction of the substrate may be provided. By
providing a plurality of deposition sources in a single film-forming chamber, it is possible to form stacked layers contin-
uously. Although an example of providing two deposition sources in a single film-forming chamber is described herein,
more deposition sources may be provided in a single film-forming chamber.
[0155] In other words, for a single film-forming chamber, films of the same deposition material may be formed contin-
uously by providing two deposition shields in the direction perpendicular to the transport direction of the substrate, and
providing a deposition source for each of them. By such a vapor deposition apparatus, the speed of film formation can
go up. Note that the two deposition shields are provided to be parallel to each other, and have enough space in between.
[0156] Furthermore, different deposition materials may be set in the two deposition sources and stacked layers may
be formed continuously. For example, by setting an organic compound and an inorganic compound separately in the
two crucibles of the deposition source 704, and allowing a substrate to pass above the deposition source 704, a layer
that is formed of the composite material of the present invention is deposited on the substrate. Subsequently, by moving
the substrate and setting the organic compound that is a material for a layer that takes on a light emitting function in the
crucibles of the other deposition source 708, and allowing the substrate to pass above the deposition source 708, a light
emitting layer can be deposited over the layer that is formed of the composite material of the present invention.

Claims

1. A composite material comprising an organic compound represented in the general formula (1), and an inorganic
compound,

wherein Ar represents an aromatic series hydrocarbon group having 6 to 42 carbon atoms; n represents a natural
number from 1 to 3; and R1 and R2 represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or an aryl group
having 6 to 12 carbon atoms,
wherein the general formula (1) does not have an arylamine skeleton, and
wherein the inorganic compound is an oxide of a metal belonging to groups 4 to 8 of the periodic table.

2. A composite material according to claim 1, wherein n is 1 as represented in the general formula (2),
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3. A composite material according to claim 1, wherein n is 2 as represented in the general formula (3),

wherein R3 and R4 represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or an aryl group having 6 to 12
carbon atoms.

4. A composite material according to claim 1, wherein n is 3 as represented in the general formula (4),

wherein R3 to R6 represent hydrogen, or an alkyl group having 1 to 4 carbon atoms, or an aryl group having 6 to 12
carbon atoms.

5. A composite material according to claim 2, wherein Ar represents any of the aromatic series hydrocarbon groups
represented in the structual formulas (2-1) to (2-3),
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6. A composite material according to claim 3, wherein Ar represents any of the aromatic series hydrocarbon groups
represented in the structural formulas (3-1) to (3-10),
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7. A composite material according to claim 4, wherein Ar represents any of the aromatic series hydrocarbon groups
represented in the structural formulas (4-1) to (4-3),

8. A composite material according to claim 1, wherein the inorganic compound is any of vanadium oxide, tantalum
oxide, molybdenum oxide, tungsten oxide, rhenium oxide, and ruthenium oxide.

9. A light emitting element comprising between a first electrode and a second electrode:

a layer including an organic compound represented in the general formula (1) and an inorganic compound; and



EP 1 866 984 B1

28

5

10

15

20

25

30

35

40

45

50

55

a layer including a light emitting substance,

wherein Ar represents an aromatic series hydrocarbon group having 6 to 42 carbon atoms; n represents a
natural number from 1 to 3; and R1 and R2 represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or
an aryl group having 6 to 12 carbon atoms,

wherein the general formula (1) does not have an arylamine skeleton, and
wherein the inorganic compound is an oxide of a metal belonging to groups 4 to 8 of the periodic table.

10. A light emitting element according to claim 9, wherein n is 1 as represented in the general formula (2),

11. A light emitting element according to claim 9, wherein n is 2 as represented in the general formula (3),

wherein R3 and R4 represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or an aryl group having 6 to 12
carbon atoms.

12. A light emitting element according to claim 9, wherein n is 3 as represented in the general formula (4),
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wherein R3 to R6 represent hydrogen, an alkyl group having 1 to 4 carbon atoms, or an aryl group having 6 to 12
carbon atoms.

13. A light emitting element according to claim 10, wherein Ar represents one of the aromatic series hydrocarbon groups
represented in the structual formulas (2-1) to (2-3),

14. A light emitting element according to claim 13, wherein Ar represents one of the aromatic series hydrocarbon groups
represented in the structual formulas (3-1) to (3-10),
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15. A light emitting element according to claim 12, wherein Ar represents one of the aromatic series hydrocarbon groups
represented in the structual formulas (4-1) to (4-3),
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16. A light emitting element according to claim 9, wherein the inorganic compound is any of vanadium oxide, tantalum
oxide, molybdenum oxide, tungsten oxide, rhenium oxide, and ruthenium oxide.

17. A light emitting device comprising:

the light emitting element according to claim 9; and
a means for controlling light emission of the light emitting element.

18. An electronic appliance comprising:

a display portion, the display portion which includes the light emitting element according to claim 9; and
a means for controlling light emission of the light emitting element.

Patentansprüche

1. Verbundmaterial, das eine organische Verbindung, die in der allgemeinen Formel (1) dargestellt ist, und eine an-
organische Verbindung umfasst,

wobei Ar eine aromatische Kohlenwasserstoffgruppe mit 6 bis 42 Kohlenstoffatomen darstellt; n eine natürliche Zahl
von 1 bis 3 darstellt; und R1 und R2 Wasserstoff; eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen oder eine Arylgruppe
mit 6 bis 12 Kohlenstoffatomen darstellen,
wobei die allgemeine Formel (1) kein Arylamin-Gerüst aufweist, und
wobei die anorganische Verbindung ein Oxid eines Metalls ist, das zu einer der Gruppen 4 bis 8 des Periodensystems
gehört.
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2. Verbundmaterial nach Anspruch 1, wobei n gleich 1 ist, wie in der allgemeinen Formel (2) dargestellt,

3. Verbundmaterial nach Anspruch 1, wobei n gleich 2 ist, wie in der allgemeinen Formel (3) dargestellt,

wobei R3 und R4 Wasserstoff, eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen oder eine Arylgruppe mit 6 bis 12
Kohlenstoffatomen darstellen.

4. Verbundmaterial nach Anspruch 1, wobei n gleich 3 ist, wie in der allgemeinen Formel (4) dargestellt,

wobei R3 bis R6 Wasserstoff, eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen oder eine Arylgruppe mit 6 bis 12
Kohlenstoffatomen darstellen.

5. Verbundmaterial nach Anspruch 2, wobei Ar eine der aromatischen Kohlenwasserstoffgruppen darstellt, die in den
Strukturformeln (2-1) bis (2-3) dargestellt sind,
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6. Verbundmaterial nach Anspruch 3, wobei Ar eine der aromatischen Kohlenwasserstoffgruppen darstellt, die in den
Strukturformeln (3-1) bis (3-10) dargestellt sind,
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7. Verbundmaterial nach Anspruch 4, wobei Ar eine der aromatischen Kohlenwasserstoffgruppen darstellt, die in den
Strukturformeln (4-1) bis (4-3) dargestellt sind,
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8. Verbundmaterial nach Anspruch 1, wobei es sich bei der anorganischen Verbindung um Vanadiumoxid, Tantaloxid,
Molybdänoxid, Wolframoxid, Rheniumoxid oder Rutheniumoxid handelt.

9. Licht emittierendes Element, das zwischen einer ersten Elektrode und einer zweiten Elektrode umfasst:

eine Schicht, die eine organische Verbindung, die in der allgemeinen Formel (1) dargestellt ist, und eine anor-
ganische Verbindung enthält; und
eine Schicht, die eine Licht emittierende Substanz enthält,

wobei Ar eine aromatische Kohlenwasserstoffgruppe mit 6 bis 42 Kohlenstoffatomen darstellt; n eine natürliche
Zahl von 1 bis 3 darstellt; und R1 und R2 Wasserstoff, eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen oder eine
Arylgruppe mit 6 bis 12 Kohlenstoffatomen darstellen,

wobei die allgemeine Formel (1) kein Arylamin-Gerüst aufweist, und
wobei die anorganische Verbindung ein Oxid eines Metalls ist, das zu einer der Gruppen 4 bis 8 des Periodensystems
gehört.

10. Licht emittierendes Element nach Anspruch 9, wobei n gleich 1 ist, wie in der allgemeinen Formel (2) dargestellt,

11. Licht emittierendes Element nach Anspruch 9, wobei n gleich 2 ist, wie in der allgemeinen Formel (3) dargestellt,
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wobei R3 und R4 Wasserstoff, eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen oder eine Arylgruppe mit 6 bis 12
Kohlenstoffatomen darstellen.

12. Licht emittierendes Element nach Anspruch 9, wobei n gleich 3 ist, wie in der allgemeinen Formel (4) dargestellt,

wobei R3 bis R6 Wasserstoff, eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen oder eine Arylgruppe mit 6 bis 12
Kohlenstoffatomen darstellen.

13. Licht emittierendes Element nach Anspruch 10, wobei Ar eine der aromatischen Kohlenwasserstoffgruppen darstellt,
die in den Strukturformeln (2-1) bis (2-3) dargestellt sind,
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14. Licht emittierendes Element nach Anspruch 13, wobei Ar eine der aromatischen Kohlenwasserstoffgruppen darstellt,
die in den Strukturformeln (3-1) bis (3-10) dargestellt sind,



EP 1 866 984 B1

38

5

10

15

20

25

30

35

40

45

50

55

15. Licht emittierendes Element nach Anspruch 12, wobei Ar eine der aromatischen Kohlenwasserstoffgruppen darstellt,
die in den Strukturformeln (4-1) bis (4-3) dargestellt sind,

16. Licht emittierendes Element nach Anspruch 9, wobei es sich bei der anorganischen Verbindung um Vanadiumoxid,
Tantaloxid, Molybdänoxid, Wolframoxid, Rheniumoxid oder Rutheniumoxid handelt.

17. Licht emittierende Vorrichtung, die umfasst:
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das Licht emittierende Element nach Anspruch 9; und
ein Mittel, um die Lichtemission des Licht emittierenden Elements zu steuern.

18. Elektronisches Gerät, das umfasst:

einen Anzeigeabschnitt, wobei der Anzeigeabschnitt das Licht emittierende Element nach Anspruch 9 umfasst;
und
ein Mittel, um die Lichtemission des Licht emittierenden Elements zu steuern.

Revendications

1. Matériau composite comprenant un composé organique représenté dans la formule générale (1), et un composé
inorganique,

dans lequel Ar représente un groupe hydrocarbure de la série aromatique ayant de 6 à 42 atomes de carbone; n
représente un nombre naturel de 1 à 3; et R1 et R2 représentent l’hydrogène, un groupe alkyle ayant de 1 à 4 atomes
de carbone, ou un groupe aryle ayant de 6 à 12 atomes de carbone,
dans lequel la formule générale (1) n’a pas de squelette d’arylamine, et
dans lequel le composé inorganique est un oxyde d’un métal appartenant aux groupes 4 à 8 du tableau périodique.

2. Matériau composite selon la revendication 1, dans lequel n est 1 comme représenté dans la formule générale (2),

3. Matériau composite selon la revendication 1, dans lequel n est 2 comme représenté dans la formule générale (3),

dans lequel R3 et R4 représentent l’hydrogène, un groupe alkyle ayant de 1 à 4 atomes de carbone, ou un groupe
aryle ayant de 6 à 12 atomes de carbone.
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4. Matériau composite selon la revendication 1, dans lequel n est 3 comme représenté dans la formule générale (4),

dans lequel R3 à R6 représentent l’hydrogène, un groupe alkyle ayant de 1 à 4 atomes de carbone, ou un groupe
aryle ayant de 6 à 12 atomes de carbone.

5. Matériau composite selon la revendication 2, dans lequel Ar représente l’un quelconque des groupes hydrocarbures
de la série aromatique représentés dans les formules structurelles (2-1) à (2-3),

6. Matériau composite selon la revendication 3, dans lequel Ar représente l’un quelconque des groupes hydrocarbures
de la série aromatique représentés dans les formules structurelles (3-1) à (3-10),
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7. Matériau composite selon la revendication 4, dans lequel Ar représente l’un quelconque des groupes hydrocarbures
de la série aromatique représentés dans les formules structurelles (4-1) à (4-3),
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8. Matériau composite selon la revendication 1, dans lequel le composé inorganique est l’un quelconque d’un oxyde
de vanadium, d’un oxyde de tantale, d’un oxyde de molybdène, d’un oxyde de tungstène, d’un oxyde de rhénium,
et d’un oxyde de ruthénium.

9. Élément électroluminescent comprenant entre une première électrode et une seconde électrode:

une couche comportant un composé organique représenté dans la formule générale (1) et un composé inor-
ganique; et
une couche comportant une substance électroluminescente,

dans lequel Ar représente un groupe hydrocarbure de la série aromatique ayant de 6 à 42 atomes de carbone;
n représente un nombre naturel de 1 à 3; et R1 et R2 représentent l’hydrogène, un groupe alkyle ayant de 1 à
4 atomes de carbone, ou un groupe aryle ayant de 6 à 12 atomes de carbone,

dans lequel la formule générale (1) n’a pas de squelette d’arylamine, et
dans lequel le composé inorganique est un oxyde d’un métal appartenant aux groupes 4 à 8 du tableau périodique.

10. Élément électroluminescent selon la revendication 9, dans lequel n est 1 comme représenté dans la formule générale
(2),
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11. Élément électroluminescent selon la revendication 9, dans lequel n est 2 comme représenté dans la formule générale
(3),

dans lequel R3 et R4 représentent l’hydrogène, un groupe alkyle ayant de 1 à 4 atomes de carbone, ou un groupe
aryle ayant de 6 à 12 atomes de carbone.

12. Élément électroluminescent selon la revendication 9, dans lequel n est 3 comme représenté dans la formule générale
(4),

dans lequel R3 à R6 représentent l’hydrogène, un groupe alkyle ayant de 1 à 4 atomes de carbone, ou un groupe
aryle ayant de 6 à 12 atomes de carbone.

13. Élément électroluminescent selon la revendication 10, dans lequel Ar représente l’un des groupes hydrocarbures
de la série aromatique représentés dans les formules structurelles (2-1) à (2-3),
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14. Élément électroluminescent selon la revendication 13, dans lequel Ar représente l’un des groupes hydrocarbures
de la série aromatique représentés dans les formules structurelles (3-1) à (3-10),
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15. Élément électroluminescent selon la revendication 12, dans lequel Ar représente l’un des groupes hydrocarbures
de la série aromatique représentés dans les formules structurelles (4-1) à (4-3),
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16. Élément électroluminescent selon la revendication 9, dans lequel le composé inorganique est l’un quelconque d’un
oxyde de vanadium, d’un oxyde de tantale, d’un oxyde de molybdène, d’un oxyde de tungstène, d’un oxyde de
rhénium, et d’un oxyde de ruthénium.

17. Dispositif électroluminescent comprenant:

l’élément électroluminescent selon la revendication 9; et
un moyen de contrôle d’émission de lumière de l’élément électroluminescent.

18. Appareillage électronique comprenant:

une portion d’affichage, la portion d’affichage comportant l’élément électroluminescent selon la revendication
9; et
un moyen de contrôle d’émission de lumière de l’élément électroluminescent.
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