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(7) ABSTRACT

An object is to provide a light emitting element with low drive
voltage which contains an organic compound and an inor-
ganic compound. One feature of a light emitting element of
the present invention is to include a layer containing a light
emitting material between a pair of electrodes, in which the
layer containing a light emitting material has a layer contain-
ing a carbazole derivative represented by General Formula (1)
and an inorganic compound which exhibits an electron
accepting property to the carbazole derivative represented by
General Formula (1). With such a structure, the inorganic
compound accepts electrons from the carbazole derivative,
carriers are generated internally, and a drive voltage of the
light emitting element can be reduced.
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COMPOSITE MATERIAL, AND LIGHT
EMITTING ELEMENT AND LIGHT
EMITTING DEVICE USING THE
COMPOSITE MATERIAL

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a composite mate-
rial of an organic compound and an inorganic compound,
which has an excellent carrier transport property and carrier
injection property into the organic compound and also has
excellent visible light transmittance. The invention also
relates to a current-excitation light emitting element using the
composite material. The invention further relates to a light
emitting device having the light emitting element.

[0003] 2. Description of the Related Art

[0004] Inrecentyears, alight emitting element using a light
emitting organic compound has been actively researched and
developed. A basic structure of this light emitting element is
that a layer containing a light emitting organic compound is
sandwiched between a pair of electrodes. By applying a volt-
age to this element, electrons and holes are separately injected
from the pair of electrodes into the layer containing a light
emitting organic compound, and current flows. Then, recom-
bination of these carriers (the electrons and holes) causes the
light emitting organic compound to form an excited state and
to emit light when the excited state returns to a ground state.
Owing to such a mechanism, such a light emitting element is
referred to as a current-excitation light emitting element.
[0005] Note that an excited state of an organic compound
can be a singlet excited state and a triplet excited state. Light
emission from the singlet excited state is referred to as fluo-
rescence, and light emission from the triplet excited state is
referred to as phosphorescence.

[0006] A greatadvantage of such a light emitting element is
that the light emitting element can be manufactured to be thin
and lightweight, since the light emitting element is formed of
an organic thin film, for example, with a thickness of approxi-
mately 0.1 um. In addition, extremely high response speed is
another advantage, since time between carrier injection and
light emission is approximately 1 psec or less. These charac-
teristics are considered suitable for a flat panel display ele-
ment.

[0007] Such a light emitting element is formed in a film
shape. Thus, surface emission can be easily obtained by form-
ing a large-area element. This characteristic is hard to be
obtained by a point light source typified by an incandescent
lamp or an LED or a line light source typified by a fluorescent
lamp. Therefore, the above described light emitting element
also has a high utility value as a surface light source which is
applicable to lighting or the like.

[0008] As described above, the current-excitation light
emitting element using the light emitting organic compound
1s expected to be applied to a light emitting device, lighting,
and the like. However, there are still many issues. One of the
issues is a reduction in power consumption. It is important to
reduce a drive voltage of the light emitting element in order to
reduce power consumption. Since emission intensity of the
current-excitation light emitting element depends on the
amount of current flowing therethrough, it is necessary to
make a large amount of current to flow at low voltage in order
to reduce the drive voltage.

[0009] Ithasbeen attempted so far to provide a buffer layer
between an electrode and a layer containing a light emitting
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organic compound, as a technique for reducing a drive volt-
age. For example, it is known that a drive voltage can be
reduced by providing a buffer layer which is formed of polya-
niline (PANI) doped with camphorsulfonic acid between
indium tin oxide (ITO) and a light emitting layer (for
example, Reference 1: Y. Yang et. al., Applied Physics Letters,
Vol. 64 (10), 1245-1247 (1994)). 1t is explained that this is
because PANI has a superior carrier injection property into
the light emitting layer. Note that PANT which is the buffer
layer is considered as part of the electrode in Reference 1.

[0010] However, as stated in Reference 1, PANT has a prob-
lem in that transmittance thereof becomes lower as a thick-
ness thereof increases. Specifically, it is reported that a trans-
mittance is below 70% when a thickness is approximately 250
nm. In other words, there is a problem with transparency of a
material itself which is used for the buffer layer; therefore,
light generated inside an element cannot be extracted effi-
ciently.

[0011] According to Reference 2, it is attempted to improve
a luminance per certain current density, in other words, cur-
rent efficiency by serially connecting light emitting elements
(referred to as light-emitting units in Reference 2) (Reference
2: Japanese Patent Laid-Open No. 2003-272860). In Refer-
ence 2, a mixed layer of an organic compound and metal
oxide (specifically, vanadium oxide and rhenium oxide) is
used for a connecting portion at the time of serially connect-
ing the light emitting elements, and it is assumed that this
layer can inject holes and electrons into the light-emitting
unit.

[0012] However, as can be understood from the embodi-
ment, the mixed layer of an organic compound and metal
oxide, which is disclosed in Reference 2, has a strong absorp-
tion peak in a visible light region (in the vicinity of 500 nm)
as well as an infrared region, and also has a problem with
transparency. Consequently, after all, light generated inside
the element cannot be extracted efficiently, and luminous
efficiency of the element is lowered.

SUMMARY OF THE INVENTION

[0013] Ttis an object of the present invention to provide a
composite material of an organic compound and an inorganic
compound, which has an excellent carrier transport property
and carrier injection property into the organic compound and
also has excellent visible light transmittance.

[0014] It is another object to provide a light emitting ele-
ment with low drive voltage by using the composite material
for a current-excitation light emitting element. It is still
another object to provide a light emitting device with low
power consumption by manufacturing a light emitting device
using the light emitting element.

[0015] As aresult of keen examinations, the present inven-
tors have found that the objects can be achieved by using a
layer containing an organic compound and an inorganic com-
pound which exhibits an electron accepting property to the
organic compound.

[0016] In other words, one feature of a composite material
of the present invention is to include a carbazole derivative
represented by General Formula (1) and an inorganic com-
pound which exhibits an electron accepting property to the
carbazole derivative represented by General Formula (1).
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[0017] In the formula, R'* and R'® may be either the same
or different, and each of which represents any one of hydro-
gen, an alkyl group having 1 to 6 carbon atoms, an aryl group
having 6 to 25 carbon atoms, a heteroaryl group having 5 to 9
carbon atoms, an arylalkyl group, and an acyl group having 1
to 7 carbonatoms; Ar* ! represents one of an aryl group having
6 to 25 carbon atoms and a heteroaryl group having 5 to 9
carbon atoms; R'? represents any one of hydrogen, an alkyl
group having 1 to 6 carbon atoms, and an aryl group having 6
to 12 carbon atoms; and R** represents any one of hydrogen,
an alkyl group having 1 to 6 carbon atoms, an aryl group
having 6 to 12 carbon atoms, and a substituent represented by
General Formula (2). In the substituent represented by Gen-
eral Formula (2), R' represents any one of hydrogen, an alkyl
group having 1 to 6 carbon atoms, an aryl group having 6 to 25
carbon atoms, a heteroaryl group having 5 to 9 carbon atoms,
an arylalkyl group, and an acyl group having 1 to 7 carbon
atoms; Ar'? represents one of an aryl group having 6 to 25
carbon atoms and a heteroaryl group having 5 to 9 carbon
atoms; and R*® represents any one of hydrogen, an alkyl
group having 1 to 6 carbon atoms, and an aryl group having 6
to 12 carbon atoms.

@

[0018] In the above structure, the inorganic compound is
preferably a material which exhibits an electron accepting
property to the carbazole derivative represented by General
Formula (1). Specifically, it is preferably oxide of transition
metal, particularly, any one or more of titanium oxide, vana-
dium oxide, molybdenum oxide, tungsten oxide, rhenium
oxide, ruthenium oxide, chromium oxide, zirconium oxide,
hafnium oxide, tantalum oxide, and silver oxide.

[0019] In General Formula (1), one of R* and R'? is pref-
erably an aryl group having 6 to 25 carbon atoms or a het-
eroaryl group having 5 to 9 carbon atoms. More preferably,
each of R'! and R'? is one of an aryl group having 6 to 25
carbon atoms and a heteroaryl group having 5 to 9 carbon
atoms. An effect of improvement in carrier transport property
can be obtained when a substituent bonded to nitrogen of a
carbazole skeleton is an aryl group having 6 to 25 carbon
atoms or a heteroaryl group having 5 to 9 carbon atoms.
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[0020] InGeneral Formula (1), R"? is preferably any one of
hydrogen, tert-butyl, phenyl, and biphenyl.

[0021] InGeneral Formula (1), R**is preferably any one of
hydrogen, tert-butyl, phenyl, and biphenyl.

[0022] InGeneral Formula (1), R**is preferably a substitu-
ent represented by General Formula (2). When R** is the
substituent represented by General Formula (2), a higher
heat-resistance carbazole derivative can be obtained. In Gen-
eral Formula (2), R*? is preferably an aryl group having 6 to
25 carbon atoms or a heteroaryl group having 5 to 9 carbon
atoms. When a substituent bonded to nitrogen of a carbazole
skeleton is an aryl group having 6 to 25 carbon atoms or a
heteroaryl group having 5 to 9 carbon atoms, an effect of
improvement in carrier transport property can be obtained. In
General Formula (2), R is preferably any one of hydrogen,
tert-butyl, phenyl, and biphenyl.

[0023] Among carbazole derivatives represented by Gen-
eral Formula (1), a carbazole derivative represented by the
following general formula (3) is preferably used.

&)

[0024] Inthe formula, R*! represents any one of hydrogen,
an alkyl group having 1 to 6 carbon atoms, an aryl group
having 6 to 25 carbon atoms, a heteroaryl group having 5to 9
carbon atoms, an arylalkyl group, and an acyl group having 1
to 7 carbon atoms; R*? represents any one of hydrogen, an
alkyl group having 1 to 6 carbon atoms, and an aryl group
having 6 to 12 carbon atoms; and R?* represents a substituent
represented by General Formula (4). In the substituent repre-
sented by General Formula (4), R** represents any one of
hydrogen, an alkyl group having 1 to 6 carbon atoms, an aryl
group having 6 to 25 carbon atoms, a heteroaryl group having
5 to 9 carbon atoms, an arylalkyl group, and an acyl group
having 1 to 7 carbon atoms; Ar** represents one of an aryl
group having 6 to 25 carbon atoms and a heteroaryl group
having 5 to 9 carbon atoms; and R*® represents any one of
hydrogen, an alkyl group having 1 to 6 carbon atoms, and an
aryl group having 6 to 12 carbon atoms.

&

[0025] In the above structure, R** is preferably any one of
hydrogen, tert-butyl, phenyl, and biphenyl.
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[0026] More preferably, a carbazole derivative represented
by General Formula (5) is used.

®)
RZI

N

-

R22 R23

[0027] Inthe formula, R represents any one of hydrogen,
an alkyl group having 1 to 6 carbon atoms, an aryl group
having 6 to 25 carbon atoms, a heteroaryl group having 5 to 9
carbon atoms, an arylalkyl group, and an acyl group having 1
to 7 carbon atoms; each of R*? and R?® represents a substitu-
ent represented by General Formula (6). In the substituent
represented by General Formula (6), R** represents any one
of hydrogen, an alkyl group having 1 to 6 carbon atoms, an
aryl group having 6 to 25 carbon atoms, a heteroaryl group
having 5 to 9 carbon atoms, an arylalkyl group, and an acyl
group having 1 to 7 carbon atoms; Ar*' represents one of an
aryl group having 6 to 25 carbon atoms and a heteroaryl group
having 5 to 9 carbon atoms; and R represents any one of
hydrogen, an alky! group having 1 to 6 carbon atoms, and an
aryl group having 6 to 12 carbon atoms.

(©)
R

RZS
Lo

[0028] In the above structure, R’ is preferably any one of
hydrogen, tert-butyl, phenyl, and biphenyl.

[0029] In the above structure, R*! is preferably an aryl
group having 6 to 25 carbon atoms or a heteroaryl group
having 5 to 9 carbon atoms.

[0030] When a substituent bonded to nitrogen of a carba-
zole skeleton is an aryl group having 6 to 25 carbon atoms or
a heteroaryl group having 5 to 9 carbon atoms, an effect of
improvement in carrier transport property can be obtained.
[0031] Preferably, a carbazole derivative represented by

General Formula (7) is used.
0
N N

N
1Lr31

[0032] In the formula, Ar*! represents phenyl or naphthyl.
[0033] Preferably, a carbazole derivative represented by
General Formula (8) is used.

Apr. 8,2010

O S

Ar AI42

[0034] Inthe formula, Ar* and Ar** may be either the same
or different, each of which represents phenyl or naphthyl.

[0035] The composite material of the invention can be used
for a light emitting element. Thus, one feature of a light
emitting element of the invention is to include a layer con-
taining a light emitting material between a pair of electrodes,
in which the layer containing a light emitting material has a
layer containing the above-described composite material.

[0036] Inthe above structure, the layer containing the com-
posite material of the present invention may be provided to be
in contact with an electrode serving as an anode of the pair of
electrodes, or may be provided to be in contact with an elec-
trode serving as a cathode. Alternatively, a plurality of layers
containing the composite material may be provided. Specifi-
cally, one layer of the plurality of layers containing the com-
posite material is provided so as to be in contact with one of
the pair of electrodes and another layer of the plurality of
layers containing the composite material is provided so as to
be in contact with the other one of the pair of electrodes.

[0037] The invention includes a light emitting device hav-
ing the above-described light emitting element in its scope.
The light emitting device in this specification includes an
image display device and a light source (including a lighting
device). Further, the light emitting device also includes all of
the following modules: a module having a light emitting
device provided with a connector such as an FPC (Flexible
Printed Circuit), a TAB (Tape Automated Bonding) tape, or a
TCP (Tape Carrier Package); a module having a TAB tape or
a'TCP provided with a printed wiring board at the end thereof;,
and a module having an IC (Integrated Circuit) directly
mounted on a light emitting element by a COG (Chip On
Glass) method.

[0038] Further, an electronic device using the light emitting
element of the invention in a display portion is also included
in the scope of the invention. Consequently, one feature of an
electronic device of the invention is to include a display
portion, in which the display portion is provided with the
above-described light emitting element and a control means
to control light emission of the light emitting element.

[0039] By carrying out the invention, the composite mate-
rial of an organic compound and an inorganic compound,
which has an excellent carrier transport property and carrier
injection property into the organic compound and also has
excellent visible light transmittance, can be provided.

[0040] Since the light emitting element of the invention has
a layer containing the carbazole derivative represented by
General Formula (1) and an inorganic compound exhibiting
an electron accepting property to the carbazole derivative
represented by General Formula (1), the inorganic compound
accepts electrons from the carbazole derivative, and carriers
are generated therein. Due to internal generation of carriers, a
drive voltage can be reduced.
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[0041] In addition, since the composite material of the
invention has high visible light transmittance, a light emitting
element with high luminous efficiency can be obtained by
using the composite material of the invention for the light
emitting element.

[0042] Further, since the composite material of the present
invention has excellent heat resistance, a light emitting ele-
ment with excellent heat resistance and durability can be
obtained.

[0043] Moreover, a light emitting device with low power
consumption and few defects can be provided by using the
light emitting element of the invention.

BRIEF DESCRIPTION OF DRAWINGS

[0044] FIGS. 1A to 1C are diagrams for explaining a light
emitting element of the present invention.

[0045] FIG. 2 is a diagram for explaining a light emitting
element of the present invention.

[0046] FIGS. 3A to 3C are diagrams for explaining a light
emitting element of the present invention.

[0047] FIGS. 4A to 4C are diagrams for explaining a light
emitting element of the present invention.

[0048] FIGS. 5A to 5C are diagrams for explaining a light
emitting element of the present invention.

[0049] FIGS. 6A to 6C are diagrams for explaining a light
emitting element of the present invention.

[0050] FIGS.7A and 7B are diagrams for explaining a light
emitting device of the present invention.

[0051] FIG. 8 is a diagram for explaining a light emitting
device of the present invention.

[0052] FIGS. 9A to 9E are diagrams for explaining an elec-
tric appliance using a light emitting device of the present
invention,

[0053] FIG. 10 is a diagram for explaining a light emitting
element of the present invention.

[0054] FIG. 11 shows a 'H-NMR chart of 3-[N-(9-phenyl-
carbazol-3-yl)-N-phenylamino]-9-phenylcarbazole.

[0055] FIG. 12 shows a 'H-NMR chart of 3-[N-(9-phenyl-
carbazol-3-yl)-N-phenylamino]-9-phenylcarbazole.

[0056] FIG. 13 shows an absorption spectrum of 3-[N-(9-
phenylcarbazol-3-yl)-N-phenylamino]-9-phenylcarbazole.
[0057] FIG. 14 shows an emission spectrum of 3-[N-(9-
phenylcarbazol-3-y1)-N-phenylamino]-9-phenylcarbazole.
[0058] FIG. 15 shows a "H-NMR chart of 3,6-bis[N-(9-
phenylcarbazol-3-yl)-N-phenylamino]-9-phenylcarbazole.
[0059] FIG. 16 shows a "H-NMR chart of 3,6-bis[N-(9-
phenylcarbazol-3-yl)-N-phenylamino]-9-phenylcarbazole.
[0060] FIG.17 shows an absorption spectrum of 3,6-bis[N-
(9-phenylcarbazol-3-y1)-N-phenylamino|-9-phenylcarba-
zole.

[0061] FIG. 18 shows an emission spectrum of 3,6-bis[N-
(9-phenylcarbazol-3-y1)-N-phenylamino|-9-phenylcarba-
7ole.

[0062] FIG. 19 shows a result of thermogravimetry of 3{N-
(9-phenylcarbazol-3-y1)-N-phenylamino]-9-phenylcarba-
7ole.

[0063] FIG. 20 shows a result of thermogravimetry of 3,6-
bis[N-(9-phenylcarbazol-3-yl)-N-phenylamino]-9-phenyl-
carbazole.

[0064] FIG. 21 shows a CV characteristic of 3-[N-(9-phe-
nylcarbazol-3-y1)-N-phenylamino]-9-phenylcarbazole.
[0065] FIG. 22 shows a CV characteristic of 3,6-bis[N-(9-
phenylcarbazol-3-y1)-N-phenylamino]-9-phenylcarbazole.
[0066] FIG. 23 shows a measurement result of differential
scanning calorimetry of 3-[N-(9-phenylcarbazol-3-y1)-N-
phenylamino]-9-phenylcarbazole.
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[0067] FIG. 24 shows a measurement result of differential
scanning calorimetry of 3,6-bis[N-(9-phenylcarbazol-3-y1)-
N-phenylamino]-9-phenylcarbazole.

[0068] FIG. 25 shows a 'H-NMR chart of 3-(N-pheny-
lamino)-9-phenylcarbazole.

[0069] FIG. 26 shows a "H-NMR chart of 3-(N-pheny-
lamino)-9-phenylcarbazole.

[0070] FIG. 27 shows a '"H-NMR chart of 3-[N-(1-naph-
thyl)amino]-9-phenylcarbazole.

[0071] FIG. 28 shows a "H-NMR chart of 3-[N-(1-naph-
thyl)amino]-9-phenylcarbazole.

[0072] FIG. 29 shows a "H-NMR chart of 3-[N-(1-naph-
thyl)-N-(9-phenylcarbazol-3-ylJamino|]-9-phenylcarbazole.
[0073] FIG. 30 shows a "H-NMR chart of 3-[N-(1-naph-
thyl)-N-(9-phenylcarbazol-3-yl)amino]-9-phenylcarbazole.
[0074] FIG. 31 is a diagram for explaining a light emitting
element of the present invention.

[0075] FIG. 32 shows an absorption spectrum of a compos-
ite material of the present invention.

[0076] FIG. 33 shows an absorption spectrum of a compos-
ite material of the present invention.

[0077] FIG. 34 shows transmittance of a composite mate-
rial of the present invention.

[0078] FIG. 35 shows a current-voltage characteristic of a
light emitting element manufactured in Example 7.

[0079] FIG. 36 shows aluminance-voltage characteristic of
a light emitting element manufactured in Example 7.

[0080] FIG. 37 shows a current efficiency-luminance char-
acteristic of a light emitting element manufactured in
Example 7.

[0081] FIG. 38 shows a change over time in normalized
luminance of a light emitting element manufactured in
Example 7.

[0082] FIG. 39 shows a change over time in voltage of a
light emitting element manufactured in Example 7.

[0083] FIG. 40 shows a result of thermogravimetry of 3-[N-
(1-naphthyl)-N-(9-phenylcarbazol-3-yl)amino|-9-phenyl-
carbazole which is a carbazole derivative of the present inven-
tion.

[0084] FIG. 41 shows an absorption spectrum of 3-[N-(1-
naphthyl)-N-(9-phenylcarbazol-3-yl)amino]-9-phenylcarba-
zole which is a carbazole derivative of the present invention.
[0085] FIG. 42 shows an emission spectrum of 3-[N-(1-
naphthyl)-N-(9-phenylcarbazol-3-yl)amino]-9-phenylcarba-
zole which is a carbazole derivative of the present invention.
[0086] FIG. 43 shows a current-voltage characteristic of a
light emitting element manufactured in Examples 9 and 10.
[0087] FIG. 44 shows a luminance-voltage characteristic of
alight emitting element manufactured in Examples 9 and 10.
[0088] FIG. 45 shows a current efficiency-luminance char-
acteristic of a light emitting element manufactured in
Examples 9 and 10.

[0089] FIG. 46 shows a current-voltage characteristic of a
light emitting element manufactured in Examples 11 and 12.
[0090] FIG. 47 shows a luminance-voltage characteristic of
a light emitting element manufactured in Examples 11 and
12.

[0091] FIG. 48 shows a current efficiency-luminance char-
acteristic of a light emitting element manufactured in
Examples 11 and 12.

[0092] FIG. 49 shows a CV characteristic of 3-[N-(1-naph-
thyl)-N-(9-phenylcarbazol-3-yl)amino]-9-phenylcarbazole
which is a carbazole derivative of the present invention.
[0093] FIG. 50 shows a measurement result of differential
scanning calorimetry of 3-[N-(1-naphthyl)-N-(9-phenylcar-
bazol-3-yl)amino]-9-phenylcarbazole which is a carbazole
derivative of the present invention.
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[0094] FIGS. 51A and 51B are perspective views of an
evaporation apparatus.

[0095] FIG. 52 shows a current efficiency-luminance char-
acteristic of an element manufactured in Example 14.
[0096] FIG. 53 shows a current-voltage characteristic of an
element manufactured in Example 14.

[0097] FIG. 54 shows a luminance-voltage characteristic of
an element manufactured in Example 14.

[0098] FIG. 55 shows an absorption spectrum of a compos-
ite material of the present invention.

[0099] FIG. 56 shows transmittance of a composite mate-
rial of the present invention.

[0100] FIG.57 shows a current-voltage characteristic of an
element manufactured in Example 17.

[0101] FIG. 58 shows a current-voltage characteristic of an
element manufactured in Example 18.

[0102] FIG. 59 shows a current efficiency-luminance char-
acteristic of an element manufactured in Example 18.
[0103] FIG. 60 shows a luminance-voltage characteristic of
an element manufactured in Example 13.

[0104] FIG. 61 shows a current-voltage characteristic of an
element manufactured in Example 19.

[0105] FIG. 62 shows a current efficiency-luminance char-
acteristic of an element manufactured in Example 19.
[0106] FIG. 63 shows aluminance-voltage characteristic of
an element manufactured in Example 19.

[0107] FIG. 64 shows a power efficiency-luminance char-
acteristic of an element manufactured in Example 19.
[0108] FIG. 65 shows a change over time in normalized
luminance of an element manufactured in Example 19.
[0109] FIG. 66 shows a change over time in normalized
luminance of an element manufactured in Example 20.
[0110] FIG. 67 shows a power efficiency-luminance char-
acteristic of a light emitting element manufactured in
Example 14.

[0111] FIG. 68 shows an ESR measurement result ofa layer
containing PCzPCA1 and molybdenum oxide.

[0112] FIG. 69 shows an ESR measurement result of a
single film of PCzZPCAL.

[0113] FIG. 70 shows an ESR measurement result of a
single film of molybdenum oxide.

[0114] FIG. 71 shows absorbance per micrometer of a com-
posite material of the present invention.

[0115] FIG. 72 shows absorbance per micrometer of a com-
posite material of the present invention.

[0116] FIGS.73A and 73B show 'H-NMR charts of 3-{N-
[9-(4-biphenylyl)carbazol-3-yl]-N-phenylamino }-9-(4-bi-
phenylyl)carbazole.

[0117] FIGS. 74A and 74B show "*C-NMR charts of 3-{N-
[9-(4-biphenylyl)carbazol-3-yl]-N-phenylamino }-9-(4-bi-
phenylyl)carbazole.

[0118] FIG. 75 shows a DSC chart of 3-{N-[9-(4-bipheny-
Iyl)carbazol-3-y1]-N-phenylamino }-9-(4-biphenylyl)carba-
7ole.

[0119] FIG. 76 shows an absorption spectrum of a toluene
solution of 3-{N-[9-(4-biphenylyl)carbazol-3-y1]-N-pheny-
lamino }-9-(4-biphenylyl)carbazole which is a carbazole
derivative of the present invention.

[0120] FIG. 77 shows an emission spectrum of a toluene
solution of 3-{N-[9-(4-biphenylyl)carbazol-3-yl]-N-pheny-
lamino}-9-(4-biphenylyl)carbazole which is a carbazole
derivative of the present invention.

[0121] FIG. 78 shows an absorption spectrum of a thin film
of 3-{N-[9-(4-biphenylyl)carbazol-3-yl]-N-phenylamino}-
9-(4-biphenylyl)carbazole which is a carbazole derivative of
the present invention.
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[0122] FIG. 79 shows an emission spectrum of a thin film of
3-{N-[9-(4-biphenylyl)carbazol-3-y1]-N-phenylamino}-9-
(4-biphenylyl)carbazole which is a carbazole derivative of the
present invention.

[0123] FIGS. 80A and 80B show ‘H-NMR charts of 3,6-
dibromo-9-(4-biphenylyl)carbazole.

[0124] FIGS. 81A and 81B show “*C-NMR charts of 3,6-
dibromo-9-(4-biphenylyl)carbazole.

[0125] FIGS. 82A and 82B show 'H-NMR charts of 3,6-
bis[N-(1-naphthyl)-N-(9-phenylcarbazol-3-yl)amino]-9-(4-
biphenylyl)carbazole.

[0126] FIGS. 83A and 83B show *C-NMR charts of 3,6-
bis[N-(1-naphthyl)-N-(9-phenylcarbazol-3-yl)amino]-9-(4-
biphenylyl)carbazole.

[0127] FIG. 84 shows a DSC chart of 3,6-bis[N-(1-naph-
thyl)-N-(9-phenylcarbazol-3-yl)amino]-9-(4-biphenylyl)
carbazole.

[0128] FIG. 85 shows an absorption spectrum of 3,6-bis[N-
(1-naphthyl)-N-(9-phenylcarbazol-3-yl)amino]-9-(4-biphe-
nylyl)carbazole.

[0129] FIG. 86 shows an emission spectrum of 3,6-bis[N-
(1-naphthyl)-N-(9-phenylcarbazol-3-yl)amino]-9-(4-biphe-
nylyl)carbazole.

[0130] FIG. 87 shows a current-voltage characteristic of an
element manufactured in Example 26.

[0131] FIG. 88 shows a current efficiency-luminance char-
acteristic of an element manufactured in Example 26.
[0132] FIG. 89 shows aluminance-voltage characteristic of
an element manufactured in Example 26.

[0133] FIG. 90 shows a power efficiency-luminance char-
acteristic of an element manufactured in Example 26.

DETAILED DESCRIPTION OF THE INVENTION

[0134] Hereinafter, embodiments of the present invention
are explained in detail with reference to the drawings. How-
ever, the present invention is not limited to the following
description. As is easily known to a person skilled in the art,
the mode and the detail of the invention can be variously
changed without departing from the spirit and the scope of the
present invention. Thus, the present invention is not inter-
preted while limiting to the following description of the
embodiments.

Embodiment 1

[0135] In this embodiment, a composite material of the
present invention is explained. The composite material of the
invention contains a carbazole derivative represented by the
following general formula (1) and an inorganic compound.

1
Rll Rl3 ( )

Arll

[0136] In the formula, R* and R'? may be either the same
or different, each of which represents any one of hydrogen, an
alkyl group having 1 to 6 carbon atoms, an aryl group having
610 25 carbon atoms, a heteroaryl group having 5 to 9 carbon
atoms, an arylalkyl group, and an acyl group having 1 to 7
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carbon atoms; Ar'* represents one of an aryl group having 6 to
25 carbon atoms and a heteroaryl group having 5 to 9 carbon
atoms; R'? represents any one of hydrogen, an alkyl group
having 1 to 6 carbon atoms, and an aryl group having 6 to 12
carbon atoms; R'? represents any one of hydrogen, an alkyl
group having 1 to 6 carbon atoms, an aryl group having 6 to 12
carbon atoms, and a substituent represented by General For-
mula (2). In the substituent represented by General Formula
(2), R" represents any one of hydrogen, an alkyl group hav-
ing 1 to 6 carbon atoms, an aryl group having 6 to 25 carbon
atoms, a heteroaryl group having 5 to 9 carbon atoms, an
arylalkyl group, and an acyl group having 1 to 7 carbon
atoms; Ar'* represents one of an aryl group having 6 to 25
carbon atoms and a heteroaryl group having 5 to 9 carbon
atoms; and R'¢ represents any one of hydrogen, an alkyl
group having 1 to 6 carbon atoms, and an aryl group having 6
to 12 carbon atoms.

@

[0137] As an alkyl group having 1 to 6 carbon atoms,
methyl, ethyl, n-propyl, n-butyl, n-hexyl, and the like are
given specifically. Alternatively, an alkyl group having a
branch, such as iso-propyl or tert-butyl may be used.

[0138] As an aryl group having 6 to 25 carbon atoms, phe-
nyl, 4-biphenylyl, 1-naphthyl, 2-naphthyl, 9-anthryl,
9-phenanthryl, 1-pyrenyl, 9,9'-dimethyl-2-fluorenyl, spiro-9,
9'-bifluorene-2-yl, and the like are given specifically. Alter-
natively, an aryl group having a substituent such as m-tolyl,
p-tolyl, 2-fluorophenyl, 3-fluorophenyl, or 4-fluorophenyl
may be used.

[0139] As a heteroaryl group having carbon atoms 5 to
9,2-pyridyl, 8-quinolyl, 3-quinolyl, and the like are given
specifically.

[0140] As an arylalkyl group, benzyl and the like are given
specifically.

[0141] As anacyl group having 1 to 7 carbon atoms, acety],
benzoyl, a propionyl, and the like are given specifically.
[0142] In General Formula (1), one of R* and R*'? is pref-
erably an aryl group having 6 to 25 carbon atoms or a het-
eroaryl group having 5 to 9 carbon atoms. More preferably,
each of R'* and R** is one of an aryl group having 6 to 25
carbon atoms and a heteroaryl group having 5 to 9 carbon
atoms. When a substituent bonded to nitrogen of a carbazole
skeleton is an aryl group having 6 to 25 carbon atoms or a
heteroaryl group having 5 to 9 carbon atoms, an effect of
improvement in carrier transport property can be obtained.
[0143] In addition, in General Fornwla (1), R'? is prefer-
ably any one of hydrogen, tert-butyl, phenyl, and biphenyl.
[0144] InGeneral Formula (1), R'*is preferably any one of
hydrogen, tert-butyl, phenyl, and biphenyl.

[0145] InGeneral Formula (1),R'*is preferably a substitu-
ent represented by General Formula (2). When R'* is the
substituent represented by General Formula (2), a carbazole
derivative having higher heat resistance can be obtained. In
General Formula (2), R'? is preferably an aryl group having 6
to 25 carbon atoms or a heteroaryl group having 5 to 9 carbon
atoms. When the substituent which is bonded to nitrogen of
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the carbazole skeleton is an aryl group having 6 to 25 carbon
atoms or a heteroaryl group having 5 to 9 carbon atoms, an
effect of improvement in carrier transport property can be
obtained. In addition, in General Formula (2), R'¢ is prefer-
ably any one of hydrogen, tert-butyl, phenyl, and biphenyl.
[0146] Among carbazole derivatives having the structure
represented by General Formula (1), a carbazole derivative
having a structure represented by the following general for-
mula (3) is preferable since it can be easily synthesized.

3

[0147] Inthe formula, R*' represents any one of hydrogen,
an alkyl group having 1 to 6 carbon atoms, an aryl group
having 6 to 25 carbon atoms, a heteroaryl group having 5to 9
carbon atoms, an arylalkyl group, and an acyl group having 1
to 7 carbon atoms; R** represents any one of hydrogen, an
alkyl group having 1 to 6 carbon atoms, and an aryl group
having 6 to 12 carbon atoms; R** represents a substituent
represented by General Formula (4). In the substituent repre-
sented by General Formula (4), R** represents any one of
hydrogen, an alkyl group having 1 to 6 carbon atoms, an aryl
group having 6 to 25 carbon atoms, a heteroaryl group having
5 to 9 carbon atoms, an arylalkyl group, and an acyl group
having 1 to 7 carbon atoms; Ar*' represents one of an aryl
group having 6 to 25 carbon atoms and a heteroaryl group
having 5 to 9 carbon atoms; and R>* represents any one of
hydrogen, an alkyl group having 1 to 6 carbon atoms, and an
aryl group having 6 to 12 carbon atoms.

@

RZS
Lo

[0148] In the above structure, R** is preferably any one of
hydrogen, tert-butyl, phenyl, and biphenyl.

[0149] Inaddition, acarbazole derivative having a structure
represented by the following general formula (5) is prefer-
able.

®)
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[0150] 1Inthe formula, R*! represents any one of hydrogen,
an alkyl group having 1 to 6 carbon atoms, an aryl group
having 6 to 25 carbon atoms, a heteroaryl group having 5 to 9
carbon atoms, an arylalkyl group, and an acyl group having 1
to 7 carbon atoms; each of R*? and R* represents a substitu-
ent represented by General Formula (6). In the substituent
represented by General Formula (6), R** represents any one
of hydrogen, an alkyl group having 1 to 6 carbon atoms, an
aryl group having 6 to 25 carbon atoms, a heteroaryl group
having 5 to 9 carbon atoms, an arylalkyl group, and an acyl
group having 1 to 7 carbon atoms; Ar*! represents one of an
aryl group having 6 to 25 carbon atoms and a heteroaryl group
having 5 to 9 carbon atoms; and R>® represents any one of
hydrogen, an alky! group having 1 to 6 carbon atoms, and an
aryl group having 6 to 12 carbon atoms.

(©)

[0151] In the above structure, R** is preferably any one of
hydrogen, tert-butyl, phenyl, and biphenyl.

[0152] In the above structure, R** is preferably an aryl
group having 6 to 25 carbon atoms or a heteroaryl group
having 5 to 9 carbon atoms.

[0153] In the above structure, R*>' is preferably an aryl
group having 6 to 25 carbon atoms or a heteroaryl group
having 5 to 9 carbon atoms.

[0154] Inaddition, acarbazole derivativehaving a structure
represented by the following general formula (7) is prefer-

- ¢
Q00D

©

C

C
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[0155] In the formula, Ar*! represents phenyl or naphthyl.
[0156] Inaddition, acarbazole derivative having a structure
represented by the following general formula (8) is prefer-
able.

O A

Arzu

[0157] Inthe formula, Ar* and Ar** may be either the same
or different, each of which represents phenyl or naphthyl.
[0158] As aspecific example of a carbazole derivative used
for the invention, carbazole derivatives represented by the
following structural formulae (9) to (71) can be given. How-
ever, the invention is not limited thereto.

s G
kg

N

(10)
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[0159] The carbazole derivatives represented by Structural
Formulae (9) to (20) have hydrogen as R'? in General For-
mula (1), whereas the carbazole derivatives represented by
Structural Formulae (21) to (34) have an alkyl group as R'* in
General Formula (1).

[0160] Each of the carbazole derivatives represented by
Structural Formulae (35) to (48) has a structure in which the
same substituents are bonded to a carbazole skeleton, and can
be synthesized more easily than a carbazole derivative having
astructure in which different substituents are bonded. In other
words, when R** and R* in General Formula (3) have the
same structure, which is represented by General Formula (4),
the same substituents may be bonded to the carbazole skel-
eton; thus, synthesis becomes easier.

O

an

(]
9

KOO0

99

[0161] A carbazole derivative of the invention may contain
fluorine as represented by Structural Formulae (49) to (57).
[0162] Analkyl group having 1to 6 carbon atoms or an aryl
group having 6 to 12 carbon atoms is preferably bonded to the
6 position of the carbazole skeleton as represented by Struc-
tural Formulae (58) to (69). Due to a substituent of an alkyl
group having 1 to 6 carbon atoms or an aryl group having 6 to
12 carbon atoms, at the 6 position of the carbazole skeleton,
the carbazole skeleton becomes chemically stable, and a side
reaction can be suppressed.

[0163] As asynthesis method of a carbazole derivative used
for the invention, various reactions can be applied. For
example, there are methods represented by the following
reaction schemes (A-1) and (A-2). However, the synthesis
method of a carbazole derivative used for the invention is not
limited thereto.
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[0164] As an inorganic compound used for the composite by General Formula (1) and the inorganic compound interact

material of the invention, oxide of transition metal is prefer-
able, and specifically, titanium oxide, zirconium oxide,
hafnium oxide, vanadium oxide, niobium oxide, tantalum
oxide, chromium oxide, molybdenum oxide, tungsten oxide,
manganese oxide, rhenium oxide, or the like can be used. In
particular, vanadium oxide, molybdenum oxide, tungsten
oxide, and rhenium oxide are preferable due to their high
electron accepting properties. Among them, molybdenum
oxide is particularly preferable since it is stable even in the
atmosphere and easy to handle.

[0165] Note that any technique of both a wet method and a
dry method may be used as a method for producing a com-
posite material of the invention. For example, the composite
material of the invention can be produced by co-evaporation
of a carbazole derivative and an inorganic compound. Note
that molybdenum oxide is easy to evaporate in vacuum and is
preferable in terms of a producing process.

[0166] A composite material without an absorption peak in
a visible light region can be obtained when it contains the
carbazole derivative represented by General Formula (1) and
an inorganic compound. Therefore, a composite material hav-
ing high visible light transmittance can be obtained.

[0167] In addition, when a composite material contains a
carbazole derivative represented by General Formula (1) and
an inorganic compound, the carbazole derivative represented

with each other; thus, a composite material having an excel-
lent carrier injection property and carrier transport property
can be obtained. Note that when the carbazole derivative
represented by General Formula (1) and the inorganic com-
pound interact strongly, an absorption spectrum is generated
in the near-infrared region; therefore, the composite material
ofthe invention preferably has an absorption peak in the range
of 800 nm to 1300 nrm.

[0168] Since the carbazole derivative represented by Gen-
eral Formula (1) has a high glass transition point, the com-
posite material of the invention has excellent heat resistance.
[0169] Therefore, the composite material of the invention
can be used for a light emitting element or a semiconductor
element such as a photoelectric conversion element or a thin
film transistor. A drive voltage can be reduced by using the
composite material of the invention. Since the composite
material of the invention has excellent visible light transmit-
tance, a highly efficient semiconductor element can be
obtained when the composite material of the invention is used
for a light emitting element or a photoelectric conversion
element.

Embodiment 2

[0170] Alight emitting element of the present inventionhas
aplurality of layers between a pair of electrodes. The plurality
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of layers is a laminate of a combination of layers formed of a
material having a high carrier injection property and a mate-
rial having a high carrier transport property such that a light
emitting region is formed apart from the electrodes, in other
words, such that carriers are recombined in a portion distant
from the electrodes.

[0171] Onemode of the light emitting element of the inven-
tion 1s hereinafter explained with reference to FIG. 1A.
[0172] In this embodiment, the light emitting element
includes a first electrode 102, a first layer 103, a second layer
104, a third layer 105, and a fourth layer 106 which are
sequentially laminated over the first electrode 102, and a
second electrode 107 which is further provided thereover.
Note that in this embodiment, explanation is made hereinafter
assuming that the first electrode 102 functions as an anode
and the second electrode 107 functions as a cathode.

[0173] A substrate 101 is used as a support of the light
emitting element. For the substrate 101, glass, plastic, or the
like can be used, for example. Note that another material is
also acceptable as long as it functions as a support in a manu-
facturing process of the light emitting element.

[0174] The first electrode 102 can be formed with various
kinds of metal, alloys, conductive compounds and a mixture
thereof. For example, indium tin oxide (ITO), indium tin
oxide containing silicon, indium zinc oxide (IZO) in which
indium oxide is mixed with zinc oxide (ZnQO) of 2 wt % to 20
wt %, gold (Au), platinum (Pt), nickel (Ni), tungsten (W),
chromium (Cr), molybdenum (Mo), iron (Fe), cobalt (Co),
titanium (Ti), copper (Cu), palladium (Pd), aluminum (Al),
aluminum-silicon (Al—Si), Aluminum-titanium (Al—Ti),
aluminum-silicon-copper (Al—Si—Cu), nitride of a metal
material (TiN or the like), or the like can be used. When used
as an anode, the first electrode is preferably formed of a
material having a high work function (a work function of 4.0
eV or more) among them.

[0175] Note that in the light emitting element of the inven-
tion, the first electrode 102 is not limited to a material having
a high work function, and a material having a low work
function can also be used.

[0176] The first layer 103 is a layer containing the compos-
ite material described in Embodiment 1. In other words, it is
a layer containing the carbazole derivative represented by
General Formula (1) and an inorganic compound.

[0177] The second layer 104 is a layer formed of a material
having a high hole transport property, for example, an aro-
matic amine compound (in other words, a compound having
a benzene ring-nitrogen bond) such as 4,4'-bis[N-(1-naph-
thyl)-N-phenylamino]biphenyl (abbr.: a-NPD), N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine
(abbr. TPD), 4.4'4"-tris(N,N-diphenylamino)tripheny-
lamine (abbr.. TDATA), or 4,4',4"-tris[N-(3-methylphenyl)-
N-phenylamino]triphenylamine (abbr. MTDATA). The
materials mentioned here are mainly materials, each of which
has a hole mobility of 107° cm*/Vs or more. However, a
material other than the above-described materials may be
used as long as it has a higher hole transport property than an
electron transport property. Note that the second layer 104
may not only be a single layer but also a laminated layer of
two or more layers formed of the above materials.

[0178] Thethird layer 105 is a layer which contains a mate-
rial having a high light emitting property. For example, it is
formed by freely combining a material having a high light
emitting property such as N,N'-dimethylquinacridon (abbr.:
DMQd) or 3-(2-benzothiazolyl)-7-diethylaminocoumarin
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(abbr.: coumarin 6) with a material having a high carrier
transport property and high film quality (in other words, hard
to be crystallized) such as tris(8-quinolinolato)aluminum
(abbr.: Alq;) or 9,10-di(2-naphthyl)anthracene (abbr.: DNA).
However, each of Alg; and DNA is a material which also has
a high light emitting property; therefore, a structure of using
this material alone may be used as the third layer 105.
[0179] The fourth layer 106 is a layer formed of a material
having a high electron transport property, for example, a
metal complex having a quinoline skeleton or a benzoquino-
line skeleton such as tris(8-quinolinolato)aluminum (abbr.:
Algy),  tris(5-methyl-8-quinolinolato)aluminum  (abbr.:
Almg,), bis(10-hydroxybenzo[h]-quinolinato)beryllium
(abbr.. BeBgq,), or bis(2-methyl-8-quinolinolato)-4-phe-
nylphenolato-aluminum (abbr.: BAlq), or the like. Alterna-
tively, a metal complex having an oxazole or thiazole ligand
such as bis[2-(2-hydroxyphenyl)-benzoxazolato]zinc (abbr.:
Zn(BOX),) or bis[2-(2-hydroxyphenyl)-benzothiazolato]
zine (abbr.: Zn(BTZ),), or the like can be used. In addition to
the metal complex, 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-
1,3,4-oxadiazole (abbr.. PBD), 1,3-bis[5-(p-tert-butylphe-
nyl)-1,3,4-oxadiazol-2-yl|benzene (abbr.: OXD-7), 3-(4-tert-
butylphenyl)-4-phenyl-5-(4-biphenylyl)-1,2,4-triazole
(abbr.: TAZ), 3-(4-tert-butylphenyl)-4-(4-ethylphenyl)-5-(4-
biphenylyl)-1,2,4-triazole (abbr.: p-EtTAZ), bathophenan-
throline (abbr.: BPhen), bathocuproin (abbr.: BCP), or the
like can be used. The materials mentioned here are mainly
materials, each of which has an electron mobility of 1076
cm?*/Vs or more. Note that a material other than the above-
described materials can be used for the fourth layer 106 as
long as it has a higher electron transport property than a hole
transport property. In addition, the fourth layer 106 may not
only be a single layer but also a laminated layer of two or more
layers formed of the above materials.

[0180] As a material for forming the second electrode 107,
metal, an alloy, or a conductive compound having a low work
function (awork functionof3.8 eV orless), a mixture thereof,
or the like, can be used. As a specific example of such a
cathode material, an element belonging to Group 1 or 2 of the
Periodic Table, in other words, alkali metal such as lithium
(Li) or cesium (Cs), alkaline earth metal such as magnesium
(Mg), calcium (Ca), or strontium (Sr), or an alloy containing
the same (Mg: Ag, Al:Li) can be given. However, by providing
a layer having a function of promoting electron injection
between the second electrode 107 and the light emitting layer
so as to be laminated with the second electrode, various
conductive materials such as Al, Ag, ITO, or ITO containing
silicon can be used as the second electrode 107 regardless of
the magnitude of the work function.

[0181] Note that for the layer having a function of promot-
ing electron injection, a compound of alkali metal or alkaline
earth metal, such as lithium fluoride (LiF), cesium fluoride
(CsF), or calcium fluoride (CaF,) can be used. Alternatively,
a layer formed of a material having an electron transport
property, in which alkali metal or alkaline earth metal is
contained, for example, Alq; in which magnesium (Mg) is
contained or the like can be used.

[0182] The first layer 103, the second layer 104, the third
layer 105, and the fourth layer 106 may be formed, for
example, by an evaporation method, an ink-jet method, a spin
coating method, or the like. In addition, different methods
may be separately used to form the electrodes or the layers.
[0183] Inthe light emitting element of the invention having
the above-described structure, current flows due to a potential
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difference made between the first electrode 102 and the sec-
ond electrode 107; holes and electrons are recombined in the
third layer 105 that is a layer containing a highly light emit-
ting material; and then, light is emitted. In other words, a light
emitting region is formed in the third layer 105. However, the
whole of the third layer 105 need not serve as the light emit-
ting region. For example, the light emitting region may be
formed only on a second layer 104 side or a fourth layer 106
side of the third layer 105.

[0184] Light emission is extracted outside through either or
both the first electrode 102 and the second electrode 107.
Accordingly, either or both the first electrode 102 and the
second electrode 107 are formed of a light-transmitting mate-
rial. When only the first electrode 102 is formed of a light-
transmitting material, light emission is extracted from a sub-
strate side through the first electrode 102 as shown in FIG.
1A. When only the second electrode 107 is formed of a
light-transmitting material, light emission is extracted from
the side opposite to the substrate through the second electrode
107 as shown in FIG. 1B. When both the first electrode 102
and the second electrode 107 are formed of a light-transmit-
ting material, light emission is extracted from both the sub-
strate side and the opposite side through the first electrode 102
and the second electrode 107 as shown in FIG. 1C.

[0185] Note that a structure of the layers provided between
the first electrode 102 and the second electrode 107 is not
limited to the structure described above. Another structure
may be employed as long as it has a structure in which a
region where holes and electrons are recombined with each
other is provided in a portion distant from the first electrode
102 and the second electrode 107 so as to suppress quenching
caused by approach of the light emitting region to metal, and
which has a layer containing the composite material
described in Embodiment 1.

[0186] Inother words, alamination structure of the layers is
not particularly limited, and the layers may be structured by
freely combining layers formed of a material having a high
electron transport property, a material having a high hole
transport property. a material having a high electron injection
property, a material having a high hole injection property, a
material having a bipolar property (a material having a high
electron and hole transport property), or the like with the layer
containing the composite material of the invention. Alterna-
tively, a structure in which a carrier recombination portion is
controlled by providing a layer formed of a silicon oxide film
or the like over the first electrode 102 may be employed.
[0187] Alightemitting element shown in FIG. 2 has a struc-
ture in which a first layer 303 formed of a material having a
high electron transport property, a second layer 304 contain-
ing a material having a high light emitting property, a third
layer 305 formed of a material having a high hole transport
property, a fourth layer 306 which is a layer containing the
composite material of the invention, and a second electrode
307 functioning as an anode are sequentially laminated over
a first electrode 302 functioning as a cathode. Note that ref-
erence numeral 301 denotes a substrate.

[0188] In this embodiment, the light emitting element is
manufactured over a substrate formed of glass, plastic, or the
like. A passive display device can be manufactured by manu-
facturing a plurality of such light emitting elements over one
substrate. The light emitting elements may be manufactured
over, for example, a thin film transistor (TFT) array substrate
other than the substrate formed of glass, plastic, or the like.
This makes it possible to manufacture an active matrix light
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emitting device, in which the drive of the light emitting ele-
ment is controlled by the TFT. Note that the structure of the
TFT is not particularly limited. The TFT may be a staggered
type or an inversely staggered type. Further, a driver circuit
formed over the TFT array substrate may include either an
n-type TFT or a p-type TFT, or both of them.

[0189] The light emitting element of the invention has a
layer containing the composite material described in Embodi-
ment 1, in other words, the carbazole derivative represented
by General Formula (1) and an inorganic compound. The
composite material of the invention has high conductivity
because of internal carrier generation, which can achieve
drive of the light emitting element at lower voltage.

[0190] In addition, the composite material used in the
invention has high visible light transmittance; therefore, light
generated in the light emitting layer can be extracted outside
efficiently.

[0191] Further, the composite material used in the inven-
tion has high visible light transmittance; therefore, reduction
of light extraction efficiency can be suppressed even when the
layer containing the composite material is thickened. Conse-
quently, it becomes possible to optimize the thickness of the
layer containing the composite material so as to increase
external light extraction efficiency while suppressing an
increase of a drive voltage.

[0192] Moreover, improvement in color purity by optical
design can be realized without increasing a drive voltage.
[0193] In addition, the composite material of the invention
contains an inorganic compound as well as an organic com-
pound having a high glass transition point and has excellent
heat resistance; therefore, the light emitting element of the
invention has excellent heat resistance and durability.

[0194] Further, since a short circuit due to dust, impact, or
the like can be prevented by thickening the layer containing
the composite material, a reliable light emitting element can
be obtained. For example, a thickness between electrodes of
atypical light emitting element is 100 nm to 150 nm, whereas
a thickness between electrodes of a light emitting element
using the layer containing the composite material can be 100
nm to 500 nm, preferably, 200 nm to 500 nm.

[0195] In addition, the layer containing the composite
material, which is used for the light emitting element of the
invention, can form an ohmic contact with the electrode, and
has low contact resistance with the electrode. Therefore, an
electrode material can be selected without considering a work
function or the like. In other words, the electrode material can
be selected from a wider range of materials.

Embodiment 3

[0196] Inthis embodiment, a light emitting element having
a structure different from that described in Embodiment 2 is
explained with reference to FIGS. 5A to 5C and 6A to 6C. In
a structure to be described in this embodiment, a layer con-
taining the composite material of the invention can be pro-
vided to be in contact with an electrode serving as a cathode.
[0197] Anexampleofastructure ofalight emitting element
of the invention is shown in FIG. 5A. In the structure, a first
layer 411, a second layer 412, and a third layer 413 are
laminated between a first electrode 401 and a second elec-
trode 402, In this embodiment, the case where the first elec-
trode 401 functions as an anode and the second electrode 402
functions as a cathode, is explained.

[0198] The first electrode 401 and the second electrode 402
can employ the same structure as that in Embodiment 2. The
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first layer 411 is a layer which contains a material having a
high light emitting property. The second layer 412 is a layer
which contains one compound selected from electron donat-
ing materials and a compound having a high electron trans-
port property, and the third layer 413 is a layer which contains
the composite material described in Embodiment 1. The elec-
tron donating material contained in the second layer 412 is
preferably alkali metal, alkaline earth metal, or oxide or salt
thereof. Specifically, lithium, cesium, calcium, lithium oxide,
calcium oxide, barium oxide, cesium carbonate, or the like
can be given.

[0199] With such a structure described above, as shown in
FIG. 5A, electrons are donated and accepted in the vicinity of
the interface between the second layer 412 and the third layer
413 by applying a voltage; electrons and holes are generated,
and the third layer 413 transports the holes to the second
electrode 402 while the second layer 412 transports the elec-
trons to the first layer 411. In other words, the second layer
412 and the third layer 413 collectively serve as a carrier
generation layer. Further, it can be said that the third layer 413
has a function of transporting holes to the second electrode
402.

[0200] Inaddition, the third layer 413 exhibits an extremely
high hole injection property and hole transport property.
Therefore, a drive voltage can be reduced. Further, when the
third layer 413 is thickened, an increase of a drive voltage can
be suppressed.

[0201] In addition, even when the third layer 413 is thick-
ened, an increase of a drive voltage can be suppressed. Thus,
the thickness of the third layer 413 can be freely set, and
extraction efficiency of light emission from the first layer 411
can be improved. In addition, the thickness of the third layer
413 can be set so that color purity of light emission from the
first layer 411 is improved. In addition, the third layer 413 has
high visible light transmittance, which can suppress reduc-
tion of external extraction efficiency of light emission due to
thickening.

[0202] Taking FIG. 5A as an example, damage to the first
layer 411 in which a light emitting material exists can also be
reduced, for example, when the second electrode 402 is
formed by sputtering.

[0203] Note that the light emitting element of this embodi-
ment also has different variations by changing materials of
the first electrode 401 and the second electrode 402. Sche-
matic diagrams thereof are shown in FIGS. 5B and 5C and
FIGS. 6A to 6C. Note that reference numerals in FIG. 5A are
also used in FIGS. 5B and 5C and FIGS. 6A to 6C, and
reference numeral 400 denotes a substrate for supporting the
light emitting element of the invention.

[0204] FIGS. 5A to 5C show examples of the case where
the first layer 411, the second layer 412, and the third layer
413 are sequentially laminated over the substrate 400. In
these examples, when the first electrode 401 has a light-
transmitting property and the second electrode 402 has a
light-blocking property (in particular, reflectivity), light is
emitted from the substrate 400 side as shown in FIG. 5A.
When the first electrode 401 has a light-blocking property (in
particular, reflectivity) and the second electrode 402 has a
light-transmitting property, light is emitted from the side
opposite to the substrate 400 as shown in FIG. 5B. Further,
when both the first electrode 401 and the second electrode 402
have light-transmitting properties, light can be emitted from
both the substrate 400 side and the side opposite to the sub-
strate 400 as shown in FIG. 5C.
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[0205] FIGS. 6A to 6C show examples of the case where
the third layer 413, the second layer 412, and the first layer
411 are sequentially laminated over the substrate 400. In
these examples, when the first electrode 401 has a light-
blocking property (in particular, reflectivity) and the second
electrode 402 has a light-transmitting property, light is
extracted from the substrate 400 side as shown in FIG. 6A.
When the first electrode 401 has a light-transmitting property
and the second electrode 402 has a light-blocking property (in
particular, reflectivity), light is extracted from the side oppo-
site to the substrate 400 as shown in FIG. 6B. Further, when
both the first electrode 401 and the second electrode 402 have
light-transmitting properties, light can be emitted from both
the substrate 400 side and the side opposite to the substrate
400 as shown in FIG. 6C.

[0206] Note that various methods of both a wet method and
a dry method can be employed in the case of manufacturing
the light emitting element of this embodiment.

[0207] As shown in FIGS. 5A to 5C, the first layer 411, the
second layer 412, and the third layer 413 may be sequentially
laminated after forming the first electrode 401, and then, the
second electrode 402 may be formed. Alternatively, as shown
in FIGS. 6A to 6C, the third layer 413, the second layer 412,
and the first layer 411 may be sequentially laminated after
forming the second electrode 402, and then, the first electrode
401 may be formed.

[0208] Note that this embodiment can be appropriately
combined with another embodiment.

Embodiment 4

[0209] Inthis embodiment, a light emitting element having
a structure different from those described in Embodiments 2
and 3 is explained with reference to FIGS. 3A to 3C and 4A
to 4C. In a structure to be described in this embodiment,
layers containing the composite material of the invention can
be provided to be separately in contact with two electrodes of
the light emitting element.

[0210] An example of a structure of the light emitting ele-
ment of the invention is shown in FIG. 3A. In the structure, a
first layer 211, asecond layer 212, a third layer 213, and a
fourth layer 214 are laminated between a first electrode 201
and a second electrode 202, In this embodiment, the case
where the first electrode 201 functions as an anode and the
second electrode 202 functions as a cathode, is explained.
[0211] The first electrode 201 and the second electrode 202
can employ the same structure as that in Embodiment 2. The
first layer 211 is a layer containing the composite material
described in Embodiment 1, and the second layer 212 is a
layer containing a material having a high light emitting prop-
erty. The third layer 213 is a layer containing an electron
donating material and a compound having a high electron
transport property. and the fourth layer 214 is a layer contain-
ing the composite material described in Embodiment 1. The
electron donating material contained in the third layer 213 is
preferably alkali metal, alkaline earth metal, or oxide or salt
thereof. Specifically, lithium, cesium, calcium, lithium oxide,
calcium oxide, barium oxide, cesium carbonate, or the like
can be given.

[0212] With such a structure described above, as shown in
FIG. 3A, electrons are donated and accepted in the vicinity of
the interface between the third layer 213 and the fourth layer
214 by applying a voltage; electrons and holes are generated,
and the fourth layer 214 transports the holes to the second
electrode 202 while the third layer 213 transports the elec-
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trons to the second layer 212. In other words, the third layer
213 and the fourth layer 214 collectively serve as a carrier
generation layer. Further, it can be said that the fourth layer
214 has a function of transporting holes to the second elec-
trode 202. Note that a tandem light emitting element can also
be formed by again laminating the second layer and the third
layer between the fourth layer 214 and the second electrode
202.

[0213] In addition, the first layer 211 and the fourth layer
214 exhibit an extremely high hole injection property and
hole transport property. Therefore, a drive voltage of the light
emitting element can be reduced. In addition, when the first
layer 211 and the fourth layer 214 are thickened, an increase
of a drive voltage can be suppressed.

[0214] In addition, even when the first layer 211 and the
fourth layer 214 are thickened, an increase of a drive voltage
canbe suppressed. Thus, thicknesses of the first layer 211 and
the fourth layer 214 can be freely set, and extraction effi-
ciency of light emission from the second layer 212 can be
improved. In addition, thicknesses of the first layer 211 and
the fourth layer 214 can be set so that color purity of light
emission from the second layer 212 is improved. Further, the
first layer 211 and the fourth layer 214 have high visible light
transmittance, and reduction of external extraction efficiency
of light emission due to thickening can be suppressed.
[0215] Further, in the light emitting element of this embodi-
ment, the layer between the second layer having a light emit-
ting function and the anode and the layers between the second
layer and the cathode can be made extremely thick, and a
short circuit of the light emitting element can be prevented
effectively. Taking FIG. 3A as an example, damage to the
second layer 212 in which a light emitting material exists can
also be reduced, for example, when the second electrode 202
is formed by sputtering. Further, since layers formed of the
same material can be provided on both sides to sandwich the
layer having a function of light emission by forming the first
layer 211 and the fourth layer 214 of the same material, an
effect of suppressing stress distortion can also be expected.
[0216] Note that the light emitting element of this embodi-
ment also has different variations by changing materials of
the first electrode 201 and the second electrode 202. Sche-
matic diagrams thereof are shown in FIGS. 3B and 3C and
FIGS. 4A to 4C. Note that reference numerals in FIG. 3A are
also used in FIGS. 3B and 3C and FIGS. 4A to 4C, and
reference numeral 200 denotes a substrate for supporting the
light emitting element of the invention.

[0217] FIGS. 3A to 3C show examples of the case where
the first layer 211, the second layer 212, the third layer 213,
and the fourth layer 214 are sequentially laminated over the
substrate 200. In these examples, when the first electrode 201
has a light-transmitting property and the second electrode 202
has a light-blocking property (in particular, reflectivity), light
is emitted from the substrate 200 side as shown in FI1G. 3A.
When the first electrode 201 has a light-blocking property (in
particular, reflectivity) and the second electrode 202 has a
light-transmitting property, light is emitted from the side
opposite to the substrate 200 as shown in FIG. 3B. Further,
when both the first electrode 201 and the second electrode 202
have light-transmitting properties, light can be emitted from
both the substrate 200 side and the side opposite to the sub-
strate 200 as shown in FIG. 3C.

[0218] FIGS. 4A to 4C show examples of the case where
the fourth layer 214, the third layer 213, the second layer 212,
and the first layer 211 are sequentially laminated over the
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substrate 200. In these examples, when the first electrode 201
has a light-blocking property (in particular, reflectivity) and
the second electrode 202 has a light-transmitting property,
light is extracted from the substrate 200 side as shown in FIG.
4A. In addition, when the first electrode 201 has a light-
transmitting property and the second electrode 202 has a
light-blocking property (in particular, reflectivity), light is
extracted from the side opposite to the substrate 200 as shown
in FIG. 4B. Further, when both the first electrode 201 and the
second electrode 202 have light-transmitting propetrties, light
can be emitted from both the substrate 200 side and the side
opposite to the substrate 200 as shown in FIG. 4C.

[0219] Note that another structure can also be employed in
which the first layer 211 contains one compound selected
from electron donating materials and a compound having a
high electron transport property; the second layer 212 con-
tains a light emitting material; the third layer 213 is a layer
containing the composite material described in Embodiment
1; and the fourth layer 214 contains one compound selected
from electron donating materials and a compound having a
high electron transport property.

[0220] Note that various methods of both a wet method and
a dry method can be employed in the case of manufacturing
the light emitting element of this embodiment.

[0221] As shown in FIGS. 3A to 3C, the first layer 211, the
second layer 212, the third layer 213, and the fourth layer 214
may be sequentially laminated after forming the first elec-
trode 201, and then, the second electrode 202 may be formed.
Alternatively, as shown in FIGS. 4A to 4C, the fourth layer
214, the third layer 213, the second layer 212, and the first
layer 211 may be sequentially laminated after forming the
second electrode 202, and then, the first electrode 201 may be
formed.

[0222] Note that this embodiment can be appropriately
combined with another embodiment.

Embodiment 5

[0223] Inthis embodiment, a light emitting element having
a structure different from those described in Embodiments 2
to 4 is explained. A structure described in this embodiment is
astructure in which the composite material of the invention is
applied to a charge generation layer of a light emitting ele-
ment having a structure in which a plurality of light emitting
units is laminated.

[0224] 1Inthis embodiment, a light emitting element having
a structure in which a plurality of light emitting units is
laminated (hereinafter referred to as a tandem element) is
explained. In other words, it is a light emitting element having
aplurality of light emitting units between a first electrode and
asecond electrode. FIG. 31 shows a tandem element in which
two light emitting units are laminated.

[0225] In FIG. 31, a first light emitting unit 511 and a
second light emitting unit 512 are laminated between a first
electrode 501 and a second electrode 502. A charge genera-
tion layer 513 is formed between the first light emitting unit
511 and the second light emitting unit 512.

[0226] Various materials can be used for the first electrode
501 and the second electrode 502.

[0227] Thefirst light emitting unit 511 and the second light
emitting unit 512 can each have various structures.

[0228] The charge generation layer 513 contains the com-
posite material of the invention described in Embodiment 1.
Since the composite material of the invention has high visible
light transmittance, it has high transmittance of light gener-
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ated in the first light emitting unit and the second light emit-
ting unit; thus, external extraction efficiency can be improved.
[0229] Note that the charge generation layer 513 may be
formed with a combination of the composite material of the
invention and various materials. For example, as described in
Embodiment 3, the charge generation layer 513 may be
formed with a combination of a layer formed of the composite
material of the invention and a layer containing one com-
pound selected from electron donating materials and a com-
pound having a high electron transport property. Further, it
may be formed with a combination of a layer formed of the
material of the invention and a transparent conductive film.
[0230] Thelightemitting element having two light emitting
units is explained in this embodiment, but the material of the
invention can be similarly applied to a light emitting element
in which three or more light emitting units are laminated. For
example, in a light emitting element in which three light
emitting units are laminated, a first light emitting unit, a first
charge generation layer, a second light emitting unit, a second
charge generation layer, and a third light emitting unit are
sequentially laminated. The composite material of the inven-
tion may be contained only in either of the charge generation
layers or in both of the charge generation layers.

[0231] Note that this embodiment can be appropriately
combined with another embodiment.

Embodiment 6

[0232] In this embodiment, an optical design of a light
emitting element is explained.

[0233] In each of the light emitting elements described in
Embodiments 2 to 5, light extraction efficiency of each emis-
sion color can be improved by differentiating a thickness of at
least one ofthe layers except the first electrode and the second
electrode among light emitting elements which emit each
emission color.

[0234] For example, as shown in FIG. 10, light emitting
elements which individually emit light of red (R), green (G),
and blue (B) share a first electrode 1101 that is a reflective
electrode and a second electrode 1102 having a light-trans-
mitting property, and have first layers 1111R, 1111G, and
1111B, second layers 1112R, 1112G, and 1112B, third layers
1113R, 1113G, and 1113B, and fourth layers 1114R, 1114G,
and 1114B, respectively. Then, thicknesses of the first layers
1111R, 1111G, and 1111B can be differentiated for each
emission color.

[0235] Note that in each of the light emitting elements
shown in FIG. 10, when a voltage is applied so that a potential
of the first electrode 1101 becomes higher than that of the
second electrode 1102, holes are injected from the first layer
1111(R, G, B) to the second layer 1112(R, G, B). Electrons
are donated and accepted in the vicinity of the interface
between the third layer 1113(R, G; B) and the fourth layer
1114(R, G, B); electrons and holes are generated; and the
fourth layer 1114(R, G, B) transports the holes to the second
electrode 1102 while the third layer 1113(R, G, B) transports
the electrons to the second layer 1112(R, G, B). The holes and
the electrons are recombined in the second layer 1112(R, G,
B) to excite a light emitting material. Then, the excited light
emitting material emits light when returning to a ground state.
[0236] As shown in FIG. 10, by differentiating thicknesses
of the first layers 1111R, 1111G, and 1111B for each emis-
sion color, a decrease in light extraction efficiency can be
prevented which is caused by a difference in light path
between the case of recognizing light directly through the
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second electrode and the case of recognizing light reflected
by the first electrode through the second electrode.

[0237] Specifically, when light enters the first electrode,
phase reversal occurs in the reflected light, thereby producing
alight interference effect. Consequently. in the case where an
optical distance between a light emitting region and a reflect-
ing electrode (i.e., refractive index x distance) is the emission
wavelength multiplied by (2 m-1)/4 (m is a given positive
integer) or Y4, ¥4, % . . . of the emission wavelength, the light
external extraction efficiency is increased. In the meanwhile,
in the case where the optical distance is the emission wave-
length multiplied by m/2 (m is a given positive integer) or %2,
1,% ... of the emission wavelength, the light external extrac-
tion efficiency is decreased.

[0238] Therefore, among light emitting elements of the
invention, thicknesses of any of the first to fourth layers are
differentiated so that the optical distance between the light
emitting region and the reflecting electrode (i.e., refractive
index x distance) is the emission wavelength multiplied by (2
m-1)/4 (m is a given positive integer).

[0239] Inparticular, in the first to fourth layers, thicknesses
ofthe layer between the layer in which electrons and holes are
recombined and the reflecting electrode are preferably differ-
entiated. Alternatively, thicknesses of the layer between the
layer in which electrons and holes are recombined and the
light-transmitting electrode may be differentiated. Further
alternatively, thicknesses of both layers may be differenti-
ated. Consequently, light can be extracted outside efficiently.

[0240] In order to differentiate thicknesses of any of the
first to fourth layers, the layer needs to be thickened. One
feature of the light emitting element of the invention is that a
layer containing the composite material described in Embodi-
ment 1 is used for a layer to be thickened.

[0241] Generally, it is not preferable to thicken a layer of
the light emitting element, since a drive voltage is increased.
However, by using the composite material described in
Embodiment 1 for the layer to be thickened, the drive voltage
itself can be decreased, which can suppress an increase of the
drive voltage due to thickening.

[0242] Note that FIG. 10 shows the case where an optical
distance between the light emitting region and the reflecting
electrode of the light emitting element of red (R) is ¥4 of an
emission wavelength; an optical distance between the light
emitting region and the reflecting electrode of the light emit-
ting element of green (G) is %4 of the emission wavelength; an
optical distance between the light emitting region and the
reflecting electrode of the light emitting element of blue (B) is
% of the emission wavelength. Note that the invention is not
limited to these values, and the value of m can be appropri-
ately set. As shown in FIG. 10, values of m in (2 m-1)/4 of the
emission wavelength may be different among the light emit-
ting elements.

[0243] By thickening any ofthe firstto fourth layers, a short
circuit between the first and second electrodes can be pre-
vented and productivity can be improved, which is extremely
preferable.

[0244] As described above, thicknesses of at least the first
to fourth layers in the light emitting element of the invention
can be differentiated for each mission color. At this time,
thicknesses of the layers between the layer in which electrons
and holes are recombined and the reflecting electrode are
preferably differentiated for each emission color. If a layer
containing the composite material described in Embodiment
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1 is used for the layer which needs to be thickened, a drive
voltage is not increased, which is preferable.

[0245] Note that this embodiment is explained using the
light emitting element having the structure described in
Embodiment 4, but it can be appropriately combined with
another embodiment.

Embodiment 7

[0246] Inthisembodiment, a light emitting device having a
light emitting element of the invention is explained.

[0247] Alight emitting device having a light emitting ele-
ment of the invention in a pixel portion is explained in this
embodiment with reference to FIGS. 7A and 7B. Note that
FIG. 7A is a top view showing the light emitting device and
FIG. 7B is a cross-sectional view of FIG. 7A taken along line
A-A' and B-B'. Reference numeral 601 indicated by dashed
line denotes a driver circuit portion (a source side driver
circuit); 602, a pixel portion; and 603, a driver circuit portion
(a gate side driver circuit). Reference numeral 604 denotes a
sealing substrate; 605, a sealant; and a portion surrounded by
the sealant 605 is a space 607.

[0248] Note that a lead wiring 608 is a wiring for transmit-
ting a signal to be inputted to the source side driver circuit 601
and the gate side driver circuit 603 and receives a video signal,
aclock signal, a start signal, a reset signal, or the like from an
FPC (flexible printed circuit) 609 that is an external input
terminal. Note that only the FPC is shown here; however, the
FPC may be provided with a printed wiring board (PWB).
The light emitting device in this specification includes not
only a light emitting device itself but also a light emitting
device with an FPC or a PWB attached.

[0249] Subsequently, a cross-sectional structure is
explained with reference to FIG. 7B. The driver circuit por-
tion and the pixel portion are formed over an element sub-
strate 610. Here, the source side driver circuit 601 which is the
driver circuit portion and one pixel in the pixel portion 602 are
shown.

[0250] Note thata CMOS circuit which is a combination of
an n-channel TFT 623 and a p-channel TFT 624 is formed as
the source side driver circuit 601. A TFT for forming the
driver circuit may be formed using a CMOS circuit, a PMOS
circuit, or an NMOS circuit. A driver integration type in
which a driver circuit is formed over a substrate is described
in this embodiment, but it is not necessarily required and a
driver circuit can be formed outside a substrate.

[0251] The pixel portion 602 has a plurality of pixels, each
of which includes a switching TFT 611, a current control TFT
612, and a first electrode 613 which is electrically connected
to a drain of the current control TFT 612. Note that an insu-
lator 614 is formed to cover an end of the first electrode 613.
Here, a positive type photosensitive acrylic resin film is used.
[0252] Theinsulator 614 is formed to have a curved surface
at an upper end or a lower end thereof in order to make the
coverage favorable. For example, in the case of using positive
type photosensitive acrylic as a material of the insulator 614,
the insulator 614 is preferably formed to have a curved sur-
face with a curvature radius (0.2 um to 3 pum) only at an upper
end. Fither a negative type which becomes insoluble in an
etchant by light irradiation or a positive type which becomes
soluble in an etchant by light irradiation can be used as the
insulator 614.

[0253] A layer 616 containing a light emitting material and
asecondelectrode 617 are formed over the first electrode 613.
Here, a material having a high work function is preferably
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used as a material used for the first electrode 613 which
functions as an anode. For example, the first electrode 613 can
be formed by using a single-layer film such as an ITO film, an
indium tin oxide film containing silicon, an indium oxide film
containing zinc oxide of 2 wt % to 20 wt %, a titanium nitride
film, a chromium film, a tungsten film, a Zn film, or a Pt film;
a laminated layer of a titanium nitride film and a film con-
taining aluminum as its main component; a three-layer struc-
ture of a titanium nitride film, a film containing aluminum as
its main component, and another titanium nitride film; or the
like. When the first electrode 613 has a laminated structure, it
can have low resistance as a wiring and form a favorable
ohmic contact. Further, the first electrode can function as an
anode.

[0254] Inaddition, the layer 616 containing a light emitting
material is formed by various methods such as an evaporation
method using an evaporation mask, an ink-jet method, and a
spin coating method. The layer 616 containing a light emit-
ting material has a layer containing the composite material
described in Embodiment 1. Further, another material
included in the layer 616 containing a light emitting material
may be a low molecular material, an intermediate molecular
material (including an oligomer and a dendrimer), or a high
molecular material. In addition, as a material used for the
layer containing a light emitting material, a single layer or a
laminated layer of an organic compound is generally used.
However, the invention also includes a structure in which an
inorganic compound is used for part of a film formed of the
organic compound.

[0255] As a material used for the second electrode 617
which is formed over the layer 616 containing a light emitting
material and functions as a cathode, a material having a low
work function (Al, Ag, Li, Ca, or an alloy thereof such as
MgAg, Mgln, AlLi, CaF,, or calcium nitride) is preferably
used. In the case where light generated in the layer 616
containing a light emitting material is transmitted through the
second electrode 617, a laminated layer of a metal thin film
with a thin thickness and a transparent conductive film (of
ITO, indium oxide containing zinc oxide of 2 wt % to 20 wt
%, indium tin oxide containing silicon, zinc oxide (ZnO), or
the like) is preferably used as the second electrode 617.
[0256] By attaching the sealing substrate 604 to the element
substrate 610 with the sealant 605, a light emitting element
618 is provided in the space 607 surrounded by the element
substrate 610, the sealing substrate 604, and the sealant 605.
Note that the space 607 is filled with a filler, but there are also
cases where the space 607 is filled with the sealant 605 as well
as an inert gas (nitrogen, argon, or the like).

[0257] Note that an epoxy-based resinis preferably used as
the sealant 605. The material preferably allows as little mois-
ture and oxygen as possible to penetrate. As the sealing sub-
strate 604, a plastic substrate formed of FRP (Fiberglass-
Reinforced Plastics), PVF (polyvinyl fluoride), Myler,
polyester, acrylic, or the like can be used besides a glass
substrate or a quartz substrate.

[0258] As described above, a light emitting device having a
light emitting element of the invention can be obtained.

[0259] Since the light emitting device of the invention has a
layer containing the composite material described in Embodi-
ment 1, in other words, the carbazole derivative represented
by General Formula (1) and an inorganic compound, a drive
voltage can be reduced and power consumption can be
reduced.
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[0260] Since the composite material used in the invention
has high visible light transmittance, light generated in the
light emitting layer can be efficiently extracted outside.
[0261] Inaddition, thelight emitting device of the invention
can suppress an increase of a drive voltage even when the
layer containing the composite material is thickened. In addi-
tion, the composite material used in the invention has high
visible light transmittance. Therefore, a short circuit of the
light emitting element can be prevented by thickening the
layer containing the composite material. In addition,
improvement in external extraction efficiency of light can be
achieved by optical design. Therefore, a reliable light emit-
ting device with low power consumption can be obtained.
[0262] As described above, an active light emitting device
in which drive of a light emitting element is controlled by a
transistor is explained in this embodiment. However, a pas-
sive light emitting device in which the light emitting element
is driven without particularly providing a driving element
such as a transistor may also be employed. FIG. 8 shows a
perspective view of a passive light emitting device which is
manufactured by applying the present invention. In FIG. 8, a
layer 955 containing a light emitting material is provided
between an electrode 952 and an electrode 956 over a sub-
strate 951. An end portion of the electrode 952 is covered with
aninsulating layer 953. Then, a partition layer 954 is provided
over the insulating layer 953. A side wall of the partition layer
954 slopes so that a distance between one side wall and the
other side wall becomes narrow toward a substrate surface. In
other words, a cross section of the partition layer 954 in the
direction of a narrow side is trapezoidal, and a base (a side
facing in the same direction as a plane direction of the insu-
lating layer 953 and in contact with the insulating layer 953)
is shorter than an upper side (a side facing in the same direc-
tion as the plane direction of the insulating layer 953 and not
in contact with the insulating layer 953). A defect of the light
emitting element due to static electricity or the like can be
prevented by providing the partition layer 954 in this manner.
In addition, the passive light emitting device can also be
driven with low power consumption when it contains the light
emitting element of the invention which operates at low drive
voltage.

Embodiment 8

[0263] In this embodiment, an electric appliance of the
present invention which includes the light emitting device
described in Embodiment 7 as its part is explained. The elec-
tric appliance of the invention contains the composite mate-
rial described in Embodiment 1 and has a display portion with
low power consumption. In addition, it has a reliable display
portion in which a short circuit due to dust, impact, or the like
is suppressed.

[0264] Examples of electric appliances manufactured by
using the light emitting device of the invention can be given as
follows: a camera such as a video camera or a digital camera,
a goggle type display, a navigation system, a sound reproduc-
ing device (car audio, an audio component, or the like), a
computer, a game machine, a portable information terminal (a
mobile computer, a cellular phone, a portable game machine,
an electronic book, or the like), an image reproducing device
provided with a recording medium (specifically, a device
which can reproduce the recording medium such as a digital
versatile disc (DVD) and includes a display device capable of
displaying images thereof), and the like. Specific examples
thereof are shown in FIGS. 9A to 9E.
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[0265] FIG. 9A shows a television receiver, which includes
a chassis 9101, a support 9102, a display portion 9103, a
speaker portion 9104, a video input terminal 9105, and the
like. The television receiver is manufactured by using the
light emitting device of the invention for the display portion
9103. By using the light emitting device of the invention fora
display portion, a television receiver having a reliable display
portion with low power consumption can be provided. Note
that the television receiver includes all devices used for dis-
playing information, for example, for a personal computer,
for TV broadcast reception, for advertisement display, and the
like.

[0266] FIG. 9B shows a computer, which includes a main
body 9201. a chassis 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 of the invention for the display
portion 9203. By using the light emitting device of the inven-
tion for a display portion, a computer having areliable display
portion with low power consumption can be provided.
[0267] FIG. 9C shows a goggle type display, which
includes a main body 9301, a display portion 9302, and an
arm portion 9303. The goggle type display is manufactured
by using the light emitting device of the invention for the
display portion 9302. By using the light emitting device of the
invention for a display portion, a goggle type display having
areliable display portion with low power consumption can be
provided.

[0268] FIG. 9D shows a cellular phone, which includes a
main body 9401, a chassis 9402, a display portion 9403, an
audio input portion 9404, an audio output portion 9405, an
operation key 9406, an external connection port 9407, an
antenna 9408, and the like. The cellular phone is manufac-
tured by using the light emitting device of the invention for
the display portion 9403. Note that power consumption of the
cellular phone can be reduced when the display portion 9403
displays white characters on a black background. By using
the light emitting device of the invention for a display portion,
a cellular phone having a reliable display portion with low
power consumption can be provided.

[0269] FIG. 9E shows a camera, which includes a main
body 9501, a display portion 9502, a chassis 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, an operation key 9509, an eye piece
portion 9510, and the like. The camera is manufactured by
using the light emitting device of the invention for the display
portion 9502. By using the light emitting device of the inven-
tion for a display portion, a camera having a reliable display
portion with low power consumption can be provided.
[0270] As described above, an application range of the light
emitting device of the invention is so wide that this light
emitting device can be applied to electric appliances in vari-
ous fields. By using the light emitting device of the invention,
an electric appliance having a reliable display portion with
low power consumption can be provided.

Example 1

[0271] A synthesis method of 3-[N-(9-phenylcarbazol-3-
yl)-N-phenylamino]-9-phenylcarbazole (abbr. PCzPCA1l)
which is represented by Structural Formula (10) is explained
as one example of a carbazole derivative of the present inven-
tion.
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[Step 1]
[0272] A synthesis method of 3-bromo-9-phenylcarbazole

is explained first. A synthesis scheme of 3-bromo-9-phenyl-
carbazole is shown in (A-3).

(A3)

NBS, glacial acetic acid

N

U

N

-4

Br

[0273] Firstly, 24.3 g (100 mmol) of 9-phenylcarbazole
was dissolved in 600 mL of glacial acetic acid, and 17.8 g
(100 mmol) of N-bromosuccinimide was slowly added
thereto. The mixture was stirred overnight at a room tempera-
ture. This glacial acetic acid solution was dropped into 1 L of
ice water while stirring it. A precipitated white solid was
washed with water three times. This solid was dissolved in
150 mL of diethyl ether, and washed with a saturated sodium
hydrogen carbonate water solution and water. This organic
phase was dried with magnesium sulfate, and filtered. The
obtained filtrate was concentrated. About 50 mL of methanol
was added to the obtained residue and uniformly dissolved
therein. This solution was left still to precipitate a white solid.
This solid was collected and dried to obtain 28.4 g (yield:
88%) of 3-bromo-9-phenylcarbazole, which was white pow-
der.

[Step 2]
[0274] A synthesis method of 3-(N-phenylamino)-9-phe-

nylcarbazole (abbr.: PCA) is explained next. A synthesis
scheme of PCA is shown in (A-4).
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(A-4)

¢

Pd(dba),, DPPF, tBuONa, Xylene
O O 90° C.
Br
N

NH

[0275] Under a nitrogen atmosphere, 110 mL of dehy-
drated xylene and 7.0 g (75 mmol) of aniline were added to a
mixture of 19 g (60 mmol) of 3-bromo-9-phenylcarbazole,
340 mg (0.6 mmol) of bis(dibenzylideneacetone)palladium
0), 1.6 g (3.0 mmol) of 1,1-bis(diphenylphosphino)fer-
rocene, and 13 g (180 mmol) of sodium-tert-butoxide. This
mixture was stirred under a nitrogen atmosphere for 7.5 hours
while heating at 90° C. After the termination of the reaction,
about 500 mL of hot toluene was added to the suspension and
this suspension was filtered through florisil, alumina, and
Celite®. The obtained filtrate was concentrated, and its resi-
due is mixed with hexane-ethyl acetate and irradiated with an
ultrasonic wave. The obtained suspension was filtered and the
residue was dried to obtain 15 g (yield: 75%) of 3-(N-pheny-
lamino)-9-phenylcarbazole which was cream-colored pow-
der. NMR data are shown below. ‘H-NMR (300 MHz,
CDCl,): 6=6.84 (t, J=6.9, 1H), 6.97 (d, J=7.8, 2H), 7.20-7.61
(m, 13H), 7.90 (s, 1H), 8.04 (d, ]=7.8, 1H). A "H-NMR chart
is shown in FIG. 25, and an enlarged view of a portion of 5.0
ppm to 9.0 ppm in FIG. 25 is shown in FIG. 26.

[Step 3]

[0276] A synthesis method of 3-iodo-9-phenylcarbazole is
explained. A synthesis scheme of 3-iodo-9-phenylcarbazole
is shown in (A-5).

(A-5)

N NIS, glacial acetic acid
_— -

-0
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-continued
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[0277] 24.3 g (100 mmol) of 9-phenylcarbazole was dis-
solved in 600 mL of glacial acetic acid, 22.5 g (100 mmol) of
N-iodosuccinimide was slowly added thereto, and the mix-
ture was then stirred overnight at a room temperature. The
obtained precipitate was filtered, and the residue was washed
with a saturated sodium hydrogen carbonate water solution,
water, and methanol and then dried. 24.7 g (yield: 67%) of
3-i0do-9-phenylcarbazole which was white powder, was
obtained.
[0278] Note that 3-iodo-9-phenylcarbazole can also be syn-

thesized by the following method. A synthesis scheme of
3-i0do-9-phenylcarbazole is shown in (A-5b).

(A-5b)

KI, K103, AcOH
N, B —

U
O

[0279] 10 g(10.0 mmol) of 9-phenylcarbazole, 838 mg (5.0
mmol) of potassium iodide, 1.1 g (5.0 mmol) of potassium
iodate, and 30 mL. of glacial acetic acid were put in a three-
neck flask and refluxed for 1 hour at 120° C. After the reac-
tion, the reaction solution was cooled sufficiently, added to
water, and extracted with toluene. An organic phase was
washed with a saturated sodium chloride solution once and
dried with magnesium sulfate. This solution was filtered natu-
rally, and the obtained filtrate was concentrated and recrys-
tallized with acetone and methanol. Then, 8.0 g (vield: 50%)
of a white solid, which was an objective substance, was
obtained.

[0280] By employing a synthesis method shown in a syn-
thesis scheme (A-5b), 3-iodo-9-phenylcarbazole can be syn-
thesized using a more inexpensive material, thereby reducing
costs.
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[Step 4]

[0281] A synthesis method of 3-[N-(9-phenylcarbazol-3-
yl)-N-phenylamino]-9-phenylcarbazole (abbr.: PCZPCA1) is
explained. A synthesis scheme of PCzPCA1 is shown in
(A-6).

(A-6)

N Pd(dba),, tBuONa, P(tBu)s, Xylens
Q O 90 | C.
1

Y &
asafete

%@

[

[0282] Under a nitrogen atmosphere, 40 mL of dehydrated
xylene was added to a mixture of 3.7 g (10 mmol) of 3-iodo-
9-phenylcarbazole, 3.4 g (10 mmol) of PCA, 57 mg (0.1
mmol) of bis(dibenzylideneacetone)palladium (0), 200 mL
(0.5 mmol) of a hexane solution with 49 wt % of tri-tert-
butylphosphine, and 3.0 g (30 mmol) of sodium-tert-butox-
ide. This mixture was stirred under a nitrogen atmosphere for
6.5 hours while heating at 90° C. After the termination of the
reaction, about 500 mL of hot toluene was added to the
suspension and this suspension was filtered through florisil,
alumina, and Celite®. The obtained filtrate was concentrated
and its residue was separated by using silica gel column
chromatography (toluene:hexane=1:1). This was concen-
trated and ethyl acetate-hexane was added to the obtained
residue to conduct recrystallization. 3.2 g (yield: 56%) of
3-[N-(9-phenylcarbazol-3-y1)-N-phenylamino]-9-pheny-

carbazole which was cream-colored powder, was obtained.
NMR data are shown below. 'H-NMR (300 MHz, DMSO-d):
d6.85 (t, J=7.5, 1H), 6.92 (d, I=7.8, 2H), 7.17-7.70 (m,
22H), 8.05 (d, 1=2.1, 2H), 8.12 (d, J=7.8, 2H). A 'H-NMR
chart is shown in FIG. 11, and an enlarged view of a portion
of 6.50 ppm to 8.50 ppm in FIG. 11 is shown in FIG. 12.

[0283] A thermogravimetry-differential thermal analysis
(TG-DTA) of the obtained PCzZPCA1 was performed. The
results are shown in FIG. 19. In FIG. 19, the vertical axis on
the left side indicates differential heat (electromotive force of
thermocouple (uV)) in the differential thermal analysis
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(DTA), and the vertical axis on the right side indicates gravity
(%; gravity expressed assuming that gravity at the start of
measurement is 100%) in the thermogravimetry (TG). Fur-
ther, the lower horizontal axis indicates a temperature (° C.).
By utilizing a thermo-gravimetric/differential thermal ana-
lyzer (TG/DTA 320, manufactured by Seiko Instruments
Inc.), thermophysical properties were measured at a tempera-
ture rising rate of 10° C./min under a nitrogen atmosphere. As
a result, from the relationship between gravity and tempera-
ture (thermogravimetry), the temperature at which the gravity
becomes 95% or less of the gravity at the start of the mea-
surement, was 375° C. under normal pressure.

[0284] Absorption spectra of a toluene solution of PCz-
PCAL1 and a thin film of PCzPCA1 are shown in FIG. 13. An
ultraviolet-visible spectrophotometer (V-550, manufactured
by JASCO Corporation) was used for the measurement. The
solution was put in a quartz cell and the thin film was evapo-
rated over a quartz substrate as samples, and absorption spec-
tra of them, from which an absorption spectrum of quartz was
subtracted, are shown in FIG. 13. In FIG. 13, the horizontal
axis indicates wavelength (nm) and the vertical axis indicates
absorption intensity (arbitrary unit). The maximum absorp-
tion wavelength was 320 nm in the case of the toluene solu-
tion of PCzPCA1, and 321 nm in the case of the thin film of
PCzPCA1. Emission spectra of the toluene solution of PCz-
PCAL1 and the thin film of PCZPCAL1 are shown in FIG. 14. In
FIG. 14, the horizontal axis indicates wavelength (rm) and the
vertical axis indicates emission intensity (arbitrary unit). The
maximum emission wavelength was 435 nm (excitation
wavelength: 325 nm) in the case of the toluene solution of
PCzPCA1, and 443 nm (excitation wavelength: 380 nm) in
the case of the thin film of PCZPCA1.

[0285] Further, the HOMO level and LUMO level of PCz-
PCALl in a thin-film state were measured. A value of the
HOMO level was obtained by converting a value of ionization
potential measured by a photoelectron spectrometer (AC-2,
manufactured by Riken Keiki Co., Ltd.) into a negative value.
A value of the LUMO level was obtained by using an absorp-
tion edge of the thin film in FIG. 13 as an energy gap and
adding the value of the absorption edge to the value of the
HOMO level. As a result, the HOMO level and the LUMO
level were —5.17 eV and -1.82 eV, respectively.

[0286] In addition, an oxidation reaction characteristic of
PCzPCA1 was examined by a cyclic voltammetry (CV) mea-
surement. Note that an electrochemical analyzer (ALS model
600 A, manufactured by BAS Inc.) was used for the measure-
ment.

[0287] As for a solution used in the CV measurement,
dehydrated dimethylformamide (DMF) was used as a sol-
vent. Tetra-n-butylammonium perchlorate (n-Bu, NCIO,),
which was a supporting electrolyte, was dissolved in the
solvent so that the concentration of the tetra-n-butylammo-
nium perchlorate was 100 mmol/L. Further, PCzPCAL,
which was an object to be measured, was dissolved therein
and prepared so that the concentration thereof was 1 mmol/L.
Further, a platinum electrode (PTE platinum electrode, manu-
factured by BAS Inc.) was used as a work electrode. A plati-
num electrode (VC-3 Pt counter electrode (5 cm), manufac-
tured by BAS Inc.) was used as an auxiliary electrode. An
Ag/Ag* electrode (RE 5 nonaqueous reference electrode,
manufactured by BAS Inc.) was used as a reference electrode.
[0288] The oxidation reaction characteristic was measured
as follows. A scan for changing a potential of the work elec-
trode with respect to the reference electrode from 0.5 V to
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-0.16'V after the potential was changed from -0.16 V t0 0.5
V, was considered as one cycle, and measurement was per-
formed for 100 cycles. Further, a scanning speed of the CV
measurement was set to be 0.1 V/s.

[0289] Results of examining the oxidation reaction charac-
teristic of PCzPCA1 are shown in FIG. 21. In FIG. 21, the
horizontal axis indicates a potential (V) of the work electrode
with respect to the reference electrode, whereas the vertical
axis indicates a value of current flowing between the work
electrode and the auxiliary electrode (1x107¢ A).

[0290] According to FIG. 21, it was found that an oxidation
potential was 0.27 V (vs. Ag/Ag" electrode). Although the
scanning was repeated for 100 cycles, changes in peak posi-
tion and peak intensity ofa CV curve were hardly seen in the
oxidation reaction. Accordingly, it was found that the carba-
zole derivative of the present invention was extremely stable
to the oxidation reaction.

[0291] A glass transition temperature of the obtained com-
pound PCzPCA1 was examined with a differential scanning
calorimeter (Pyris 1 DSC, manufactured by Perkin Elmer
Co., Ltd.). Measurement results by DSC are shown in FIG.
23. According to the measurement results, it was found that
the glass transition temperature of the obtained compound
was 112° C. As just described, the obtained compound has a
glass transition point as high as 112° C., and has favorable
heat resistance. In addition, in FIG. 23, there is no peak
showing crystallization of the obtained compound, and thus,
it is found that the obtained compound is hard to be crystal-
lized.

Example 2

[0292] A synthesis method of 3,6-bis[N-(9-phenylcarba-
70l1-3-y1)-N-phenylamino]-9-phenylcarbazole (abbr.: PCz-
PCA2), which is represented by Structural Formula (36), is
explained as one example of a carbazole derivative of the
present invention.

o O
oo oo o0

[Step 1]

[0293] A synthesis method of 3,6-diiodo-9-phenylcarba-
zole is explained. A synthesis scheme of 3,6-diiodo-9-phe-
nylcarbazole is shown in (A-7).
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[0294] Firstly, 24.3 g (100 mmol) of 9-phenylcarbazole
was dissolved in 700 mL of glacial acetic acid, and 44.9 g
(200 mmol) of N-iodosuccinimide was slowly added thereto.
The mixture was stirred overnight at a room temperature. The
generated precipitate was filtered, and the residue was
washed with a saturated sodium hydrogen carbonate water
solution, water, and methanol and then dried. 47.0 g (yield:
95%) of 3,6-ditodo-9-phenylcarbazole, which was white
powder, was obtained.

[Step 2]

[0295] A synthesis method of 3,6-bis[N-(9-phenylcarba-
z0l-3-y1)-N-phenylamino]-9-phenylcarbazole (abbr.: PCz-
PCA2) is explained. A synthesis scheme of PCzPCA2 is

shown in (A-8).
(A-8)
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[0296] Under a nitrogen atmosphere, 30 mL of dehydrated
xylene was added to a mixture of 2.5 g (5 mmol) of 3,6-
diiodo-9-phenylcarbazole, 3.4 g (10 mmol) of PCA, 30 mg
(0.05 mmol) of bis(dibenzylideneacetone)palladium(0), 0.2
mL (0.5 mmol) of a hexane solution with 49 wt % of tri-tert-
butylphosphine, and 3.0 g (30 mmol) of sodium-tert-butox-
ide. This mixture was stirred under a nitrogen atmosphere for
6.5 hours while heating at 90° C. After the termination of the
reaction, about 500 mL of hot toluene was added to the
suspension and this suspension was filtered through florisil,
alumina, and Celite®. The obtained filtrate was concentrated
and the concentrated solution was purified by using silica gel
column chromatography (toluene:hexane=1:1). This was
concentrated and ethyl acetate-hexane was added thereto to
conduct recrystallization. 2.5 g (vield: 55%) of 3,6-bis[N-(9-
phenylcarbazol-3-yl)-N-phenylamino]-9-phenylcarbazole
which was cream-colored powder, was obtained. NMR data
are shown below. "H-NMR (300 MHz, DMSO-d): 8=6.74-6.
80 (m, 6H), 7.08-7.64 (m, 33H), 7.94-8.04 (m, 6H). A
'"H-NMR chart is shown in FIG. 15, and an enlarged view of
aportion of 6.50 ppm to 8.50 ppm in FIG. 15 is shown in FIG.
16.

[0297] A thermogravimetry-differential thermal analysis
(TG-DTA) of the obtained PCZPCA2 was performed. The
results are shown in FIG. 20. In FIG. 20, the vertical axis on
the left side indicates differential heat (electromotive force of
thermocouple (pV)) in the differential thermal analysis
(DTA) and the vertical axis on the right side indicates gravity
(%; gravity expressed assuming that gravity at the start of
measurement is 100%) in the thermogravimetry (TG). Fur-
ther, the lower horizontal axis indicates a temperature (° C.).
By utilizing a thermo-gravimetric/differential thermal ana-
lyzer (TG/DTA 320, manufactured by Seiko Instruments
Inc.), thermophysical properties were measured at a tempera-
ture rising rate of 10° C./min under a nitrogen atmosphere. As
a result, from the relationship between gravity and tempera-
ture (thermogravimetry), the temperature at which the gravity
becomes 95% or less of the gravity at the start of the mea-
surement, was 476° C. under normal pressure.

[0298] Absorption spectra of a toluene solution of PCz-
PCA2 and a thin film of PCzPCA?2 are shown in FIG. 17. An
ultraviolet-visible spectrophotometer (V-550, manufactured
by JASCO Corporation) was used for the measurement. The
solution was put in a quartz cell, and the thin film was evapo-
rated over a quartz substrate as samples, and absorption spec-
tra of them, from which an absorption spectrum of quartz was
subtracted, are shown in FIG. 17. In FIG. 17, the horizontal
axis indicates wavelength (nm) and the vertical axis indicates
absorption intensity (arbitrary unit). The maximum absorp-
tion wavelength was 320 nm in the case of the toluene solu-
tion of PCzPCA2, and 320 nm in the case of the thin film of
PCzPCA2. Emission spectra of the toluene solution of PCz-
PCAZ2 and the thin film of PCZPCA2 are shown in F1G. 18. In
FIG. 18, the horizontal axis indicates wavelength (nm) and
the vertical axis indicates emission intensity (arbitrary unit).
The maximum emission wavelength was 442 nm (excitation
wavelength: 325 nm) in the case of the toluene solution of
PCzPCA2, and 449 nm (excitation wavelength: 320 nm) in
the case of the thin film of PCZPCA2.

[0299] Further, the HOMO level and LUMO level of PCz-
PCA2 in a thin-film state were measured. A value of the
HOMO level was obtained by converting a value of ionization
potential measured by a photoelectron spectrometer (AC-2,
manufactured by Riken Keiki Co., Ltd.) into a negative value.
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A value of the LUMO level was obtained by using an absorp-
tion edge of the thin film in FIG. 17 as an energy gap and
adding the value of the absorption edge to the value of the
HOMO level. As a result, the HOMO level and the LUMO
level were =5.10 eV and -1.75 €V, respectively.

[0300] Inaddition, anoxidation characteristic of PCzPCA2
was measured by a cyclic voltammetry (CV) measurement.
Note that an electrochemical analyzer (ALS model 600 A,
manufactured by BAS Inc.) was used for the measurement.

[0301] As for a solution used in the CV measurement,
dehydrated dimethylformamide (DMF) was used as a sol-
vent. Tetra-n-butylammonium perchlorate (n-Bu, NCIO,),
which was a supporting electrolyte, was dissolved in the
solvent such that the concentration of the tetra-n-butylammo-
nium perchlorate was 100 mmol/L.. Further, PCzPCA2,
which was an object to be measured, was dissolved therein
and prepared so that the concentration thereof was 1 mmol/L.
Further, a platinum electrode (PTE platinum electrode, manu-
factured by BAS Inc.) was used as a work electrode. A plati-
num electrode (VC-3 Pt counter electrode (5 cm), manufac-
tured by BAS Inc.) was used as an auxiliary electrode. An
Ag/Ag* electrode (RE 5 nonaqueous reference electrode,
manufactured by BAS Inc.) was used as a reference electrode.

[0302] The oxidation reaction characteristic was measured
as follows. A scan for changing a potential of the work elec-
trode with respect to the reference electrode from 0.33 V to
-0.01V after the potential was changed from -0.01 V t0 0.33
V was considered as one cycle, and measurement was per-
formed for 100 cycles. Further, a scanning speed of the CV
measurement was set to be 0.1 V/s.

[0303] Results of examining the oxidation reaction charac-
teristic of PCzZPCA2 are shown in FIG. 22. In FIG. 22, the
horizontal axis indicates a potential (V) of the work electrode
with respect to the reference electrode, whereas the vertical
axis indicates a value of current flowing between the work
electrode and the auxiliary electrode (1x107¢ A).

[0304] According to F1G. 22, it was found that an oxidation
potential was 0.22 V (vs. Ag/Ag* electrode). Although the
scanning was repeated for 100 cycles, changes in peak posi-
tion and peak intensity ofa CV curve were hardly seen in the
oxidation reaction. Accordingly, it was found that the carba-
zole derivative of the present invention was extremely stable
to the oxidation reaction.

[0305] A glass transition temperature of the obtained com-
pound PCzPCA2 was examined with a differential scanning
calorimeter (Pyris 1 DSC, manufactured by Perkin Elmer
Co., Ltd.). Measurement results by DSC are shown in FIG.
24. According to the measurement results, it was found that
the glass transition temperature of the obtained compound
was 168° C. As just described, the obtained compound has a
high glass transition temperature as high as 168° C., and has
favorable heat resistance. In addition, in FIG. 24, there is no
peak showing crystallization of the obtained compound, and
thus, it is found that the obtained compound is hard to be
crystallized.

Example 3

[0306] A synthesis method of 3-[N-(1-naphthyl)-N-(9-
phenylcarbazol-3-yl)amino]-9-phenylcarbazole (abbr.: PCz-
PCN1), which is represented by Structural Formula (17), is
explained as one example of a carbazole derivative of the
present invention.
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[0307] A synthesis method of 3-[N-(1-naphthyl)amino]-9-
phenylcarbazole (abbr.. PCN) is explained. A synthesis
scheme of PCN is shown in (A-9).
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[Step 1]
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[0308] Under a nitrogen atmosphere, 12 m[, of dehydrated
xylene was added to a mixture of 3.7 g (10 mmol) of 3-iodo-
9-phenylcarbazole, 1.6 g (5 mmol) of 1-aminonaphthalene,
60 mg (0.1 mmol) of bis(dibenzylideneacetone)palladium
(0), 0.2 mL of a hexane solution with 49 wt % of tri-tert-
butylphosphine, and 3 g (30 mmol) of sodium-tert-butoxide.
This mixture was stirred under a nitrogen atmosphere for 7
hours while heating at 90° C. After the termination of the
reaction, about 200 mL of hot toluene was added to the
suspension and this suspension was filtered through florisil,
alumina, and Celite®. The obtained filtrate was concentrated
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and the concentrated solution was purified by silica gel col-
umn chromatography (toluene:hexane=1:1). This was con-
centrated and the obtained concentrated solution was recrys-
tallized with ethyl acetate-hexane. 1.5 g (yield: 79%) of 3{N-
(1-naphthyl)amino]-9-phenylcarbazole which was cream-
colored powder, was obtained. Data of NMR are shown
below. '"H-NMR (300 MHz, DMSO-d): §=7.13-7.71 (m,
15H), 7.85-7.88 (m, 1H). 8.03 (s, 1H), 8.15 (d, I=7.8, 1H),
8.24 (s, 1H), 8.36-8.39 (m, 1H). A 'H-NMR chart is shown in
FIG. 27, and an enlarged view ofa portion of 6.50 ppm to 8.50
ppm in FI1G. 27 is shown in F1G. 28.

[Step 2]

[0309] Next, a synthesis method of 3-[N-(1-naphthyl)-N-
(9-phenylcarbazol-3-yl)amino]-9-phenylcarbazole  (abbr.:
PCzPCN1) is explained. A synthesis scheme of PCzZPCN1 is
shown in (A-10).

(A-10)

N O
Q N
H

Pd(dba),, tBuONa, P(tBu);, Xylene
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[0310] Under a nitrogen atmosphere, 7 mL of dehydrated
xylene was added to a mixture of 1.8 g (5 mmol) of 3-iodo-
9-phenylcarbazole, 2.5 g (6.6 mmol) of PCN, 30 mg (0.05
mmol) of bis(dibenzylideneacetone)palladium(0), 0.2 mL
(0.5 mmol) of a hexane solution with 49 wt % of tri-tert-
butylphosphine, and 700 mg (7 mmol) of sodium-tert-butox-
ide. This mixture was stirred under a nitrogen atmosphere for
4.5 hours while heating at 90° C. After the termination of the
reaction, about 500 mL of hot toluene was added to the
suspension and this suspension was filtered through florisil,
alumina, and Celite®. The obtained filtrate was concentrated
and the concentrated solution was purified by silica gel col-
umn chromatography (toluene:hexane=1:1). This was con-
centrated and the obtained concentrated solution was recrys-
tallized with ethyl acetate-hexane. 2.1 g (yield: 62%) of
PCzPCN1 which was yellow powder, was obtained. NMR
data are shown below. "H-NMR (300 MHz, DMSO-d): §=7.
04-7.65 (m, 24H), 7.78 (d, I=8.4, 1H), 7.82 (d, J=2.1, 2H),
7.88 (d, J=7.8, 2H), 7.95 (d, I=8.4, 1H), 8.10 (d, ]=9.0, 1H).
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A '"H-NMR chart is shown in FIG. 29, and an enlarged view
of a portion of 6.50 ppm to 8.50 ppm in FIG. 29 is shown in
FIG. 30.

[0311] A thermogravimetry-differential thermal analysis
(TG-DTA) of the obtained PCzZPCN1 was performed in the
same manner as in Examples 1 and 2. The results are shown
in FIG. 40. In FIG. 40, the vertical axis on the left side
indicates differential heat (electromotive force of thermo-
couple (1V)) in the differential thermal analysis (DTA) and
the vertical axis on the right side indicates gravity (%; gravity
expressed assuming that gravity at the start of measurement is
100%) in the thermogravimetry (TG). Further, the lower hori-
zontal axis indicates a temperature (° C.). By utilizing a
thermo-gravimetric/differential thermal analyzer (TG/DTA
320, manufactured by Seiko Instruments Inc.), thermophysi-
cal properties were measured at a temperature rising rate of
10° C./min under a nitrogen atmosphere. As a result, from the
relationship between gravity and temperature (thermo-
gravimetry), the temperature at which the gravity becomes
95% or less of the gravity at the start of the measurement, was
400° C. under normal pressure.

[0312] Absorption spectra of a toluene solution of PCz-
PCNT1 and a thin film of PCzPCN1 are shown in FIG. 41. An
ultraviolet-visible spectrophotometer (V-550, manufactured
by JASCO Corporation) was used for the measurement. The
solution was put in a quartz cell, and the thin film was evapo-
rated over a quartz substrate as samples, and absorption spec-
tra of them, from which an absorption spectrum of quartz was
subtracted, are shown in FIG. 41. In FIG. 41, the horizontal
axis indicates wavelength (nm) and the vertical axis indicates
absorption intensity (arbitrary unit). The maximum absorp-
tion wavelength was 314 nm in the case of the toluene solu-
tion of PCzPCN1, and 320 nm in the case of the thin film of
PCzPCN1. Emission spectra of the toluene solution of PCz-
PCNT1 and the thin film of PCzPCN1 are shown in FIG. 42. In
FIG. 42, the horizontal axis indicates wavelength (nm) and
the vertical axis indicates emission intensity (arbitrary unit).
The maximum emission wavelength was 475 nm (excitation
wavelength: 320 nm) in the case of the toluene solution of
PCzPCN1, and 485 nm (excitation wavelength: 320 nm) in
the case of the thin film of PCzZPCN1.

[0313] Further, the HOMO level and LUMO level of PCz-
PCNI1 in a thin-film state were measured. A value of the
HOMO level was obtained by converting a value ofionization
potential measured by a photoelectron spectrometer (AC-2,
manufactured by Riken Keiki Co., Ltd.) into a negative value.
A value of the LUMO level was obtained by using an absorp-
tion edge of the thin film in FIG. 41 as an energy gap and
adding the value of the absorption edge to the value of the
HOMO level. As a result, the HOMO level and the LUMO
level were -5.15 eV and -2.82 eV, respectively.

[0314] Inaddition, an oxidation characteristic of PCzZPCN1
was examined by a cyclic voltammetry (CV) measurement.
Note that an electrochemical analyzer (ALS model 600 A,
manufactured by BAS Inc.) was used for the measurement.
[0315] As for a solution used in the CV measurement,
dehydrated dimethylformamide (DMF) was used as a sol-
vent. Tetra-n-butylammonium perchlorate (n-Bu, NCIO,),
which was a supporting electrolyte, was dissolved in the
solvent so that the concentration of the tetra-n-butylammo-
nium perchlorate was 100 mmol/L.. Further, PCzPCNI,
which was an object to be measured, was dissolved and pre-
pared so that the concentration thereof was 1 mmol/L. Fur-
ther, a platinum electrode (PTE platinum electrode, manufac-
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tured by BAS Inc.) was used as a work electrode. A platinum
electrode (VC-3 Pt counter electrode (5 cm), manufactured
by BAS Inc.) was used as an auxiliary electrode. An Ag/Ag*
electrode (RE 5 nonaqueous reference electrode, manufac-
tured by BAS Inc.) was used as a reference electrode.
[0316] The oxidation reaction characteristic was measured
as follows. A scan for changing a potential of the work elec-
trode with respect to the reference electrode from 0.50 V to
-0.20V after the potential was changed from -0.20V to 0.50
V was considered as one cycle, and measurement was per-
formed for 100 cycles. Note that a scanning speed of the CV
measurement was set to be 0.1 V/s.

[0317] Results of examining the oxidation reaction charac-
teristic of PCzPCN1 are shown in FIG. 49. In FIG. 49, the
horizontal axis indicates a potential (V) of the work electrode
with respect to the reference electrode, whereas the vertical
axis indicates a value of current flowing between the work
electrode and the auxiliary electrode (1x107% A). According
to FIG. 49, it was found that an oxidation potential was 0.25
V (vs. Ag/Ag" electrode). Although the scanning was
repeated for 100 cycles, changes in peak positions and peak
intensity of a CV curve were hardly seen in the oxidation
reaction. Accordingly, it was found that the carbazole deriva-
tive of the present invention was extremely stable to the
oxidation.

[0318] A glass transition temperature of the obtained com-
pound PCzPCN1 was examined with a differential scanning
calorimeter (Pyris 1 DSC, manufactured by Perkin Elmer
Co., [td.). Measurement results by DSC are shown in FIG.
50. According to the measurement results, it was found that
the glass transition temperature of the obtained compound
was 142° C. As just described, the obtained compound has a
glass transition temperature as high as 142° C., and has favor-
able heat resistance. In addition, in FIG. 50, there is no peak
showing crystallization of the obtained compound, and thus,
it is found that the obtained compound is hard to be crystal-
lized.

Example 4

[0319] In this example, a specific example of a layer con-
taining the carbazole derivative represented by General For-
mula (1) and an inorganic compound which exhibits an elec-
tron accepting property to the carbazole derivative is given.
As the carbazole derivative, 3-[N-(9-phenylcarbazol-3-y1)-
N-phenylamino]-9-phenylcarbazole  (abbr.. PCzPCA1l),
which was synthesized in Example 1 and is represented by
Structural Formula (10), was used, and as the inorganic com-
pound, molybdenum oxide was used.

[0320] First,aglass substrate was fixed to a substrate holder
in a vacuum evaporation apparatus. Next, PCZPCA1 and
molybdenum oxide (VI) were separately put in different
resistance-heating evaporation sources, and a layer contain-
ing PCzPCA1 and molybdenum oxide was formed in a
vacuum by a co-evaporation method. At this time, the co-
evaporation was performed so that a weight ratio of PCz-
PCA1to molybdenum oxide was 4:1. Therefore, a molar ratio
of PCzPCA1 to molybdenum oxide was 1.0:1.0. Note that a
thickness thereof was 90 nm.

[0321] A measurement result of an absorption spectrum of
the PCzPCAl-molybdenum oxide mixed film which was
formed in this manner is indicated by C in FIG. 32. For
comparison, an absorption spectrum of a film of only PCz-
PCA1 (A in the diagram) is also shown.
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[0322] As FIG. 32 shows, new absorption, which was not
seen in the film of only PCZPCA1, was observed in the mixed
film of C (a portion surrounded by dotted line in the diagram,
and there is a peak in the vicinity of 1070 nm). It is thought
that this is because molybdenum oxide exhibits an electron
transporting property to PCzZPCA1, and that molybdenum
oxide accepts electrons from PCzZPCA1 and holes are gener-
ated in PCzPCAL.

[0323] Consequently, the PCzPCAl-molybdenum oxide
mixed film formed in this example, in which carriers are
generated internally, can reduce a drive voltage of a light
emitting element.

[0324] In addition, as FIG. 32 shows, notable absorption
peak was not observed in a visible light region (400 nm to 700
nm) as for the PCzZPCA1-molybdenum oxide mixed film.

Example 5

[0325] In this example, a specific example of a layer con-
taining the carbazole derivative represented by General For-
mula (1) and an inorganic compound which exhibits an elec-
tron accepting property to the carbazole derivative is given.
As the carbazole derivative, 3,6-bis|[N-(9-phenylcarbazol-3-
yl)-N-phenylamino]-9-phenylcarbazole (abbr.: PCzPCAZ2),
which was synthesized in Example 1 and is represented by
Structural Formula (36), was used, and as the inorganic com-
pound, molybdenum oxide was used.

[0326] First,aglass substrate was fixed to a substrate holder
in a vacuum evaporation apparatus. Next, PCzZPCA2 and
molybdenum oxide (VI) were separately put in different
resistance-heating evaporation sources, and a layer contain-
ing PCzPCA2 and molybdenum oxide was formed in a
vacuum by a co-evaporation method. At this time, the co-
evaporation was performed so that a weight ratio of PCz-
PCA2tomolybdenum oxide was 4:1. Therefore, a molar ratio
of PCzPCA2 to molybdenum oxide was 1.0:1.6. Note that a
thickness thereof was 90 nm.

[0327] A measurement result of an absorption spectrum of
the PCzPCA2-molybdenum oxide mixed film which was
formed in this manner is indicated by C i FIG. 33. For
comparison, an absorption spectrum of a film of only PCz-
PCA2 (A in the diagram) is also shown.

[0328] As FIG. 33 shows, new absorption, which was not
seen in the film of only PCZPCA2, was observed in the mixed
film of C (a portion surrounded by dotted line in the diagram,
and there is a peak in the vicinity 0of 960 nm). It is thought that
this is because molybdenum oxide exhibits an electron
accepting property to PCzPCA2, and that molybdenum oxide
accepts electrons from PCzPCA2 and holes are generated in
PCzPCA2.

[0329] Consequently, the PCzPCA2-molybdenum oxide
mixed film formed in this example, in which carriers are
generated internally, can reduce a drive voltage of a light
emitting element.

[0330] In addition, as FIG. 33 shows, notable absorption
was not observed in a visible light region (400 nm to 700 nm)
as for the PCzPCA2-molybdenum oxide mixed film.

Example 6

[0331] Next, visible light transmittances of the mixed films
manufactured in Examples 4 and 5 are shown in FIG. 34.

[0332] A diagram where the vertical axes of FIGS. 32 and
33 are converted from absorbance into transmittance and
compared on the same graph is shown in FIG. 34. Note that a
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wavelength of the horizontal axis is limited to a visible light
region (400 nm to 700 nm) in FIG. 34. As FIG. 34 shows,
transmittances in the visible light region of the PCzPCA1-
molybdenum oxide mixed film manufactured in Example 4
and the mixed film of PCzPCA2-molybdenum oxide mixed
film manufactured in Example 5 show approximately 90% or
more.

[0333] In addition, absorbances per micrometer in the
range of blue (450 nm) to red (650 nm) of the PCzPCA1-
molybdenum oxide mixed film manufactured in Example 4
and the PCzZPCA2-molybdenum oxide mixed film manufac-
tured in Example 5 are shown in FIG. 71. As F1G. 71 shows,
absorbance per micrometer of the composite material of the
invention is 2 (um)™" or less in each case, and is low in the
range of blue (450 nm) to red (650 nm). Therefore, the com-
posite material of the invention has high transmittance at blue
(450 nm), green (520 nm), and red (650 nm), and is suitable
for a full-color display.

[0334] According to the above, it is found that the compos-
ite material of the invention has excellent visible light trans-
mittance to a conventional composite material.

Example 7

[0335] In this example, a light emitting element using the
composite material of the invention is explained.

[0336] First, a first electrode of the light emitting element
was formed over a substrate. In this example, the first elec-
trode functions as an anode. With the use of indium tin oxide
containing silicon oxide that is a transparent conductive film
as a material, an anode having an electrode size of 2 mmx2
mm was formed by a sputtering method.

[0337] Next, the substrate, over which the first electrode
was formed, was fixed to a substrate holder in a vacuum
evaporation apparatus so that the side, on which the first
electrode was formed, faced downward. Then, a layer con-
taining PCzZPCA1 and molybdenum oxide was formed with a
thickness of 50 nm by a co-evaporation method. At this time,
the co-evaporation was performed so that a weight ratio of
PCzPCA1 to molybdenum oxide was 4:2.

[0338] Subsequently, a hole transporting layer was formed
of a material having an excellent hole transport property. As a
material for forming the hole transporting layer, various kind
of hole transporting materials can be used. In this example,
the hole transporting layer was formed using o-NPD with a
thickness of 10 nm by an evaporation method.

[0339] Subsequently, a light emitting layer was formed.
Note that holes and electrons are recombined in the light
emitting layer to cause light emission. In this example, with
the use of Alq, serving as a host material and coumarin 6
serving as a guest material, the light emitting layer was
formed with a thickness of 40 nm by a co-evaporation method
so that coumarin 6 was contained in Alq, in the proportion of
1wt %.

[0340] Then, an electron transporting layer was formed. As
amaterial for forming the electron transporting layer, various
kinds of electron transporting materials can be used. In this
example, the electron transporting layer was formed using
Alq, with a thickness of 10 nm by an evaporation method.
[0341] Subsequently, an electron injecting layer was
formed. For the electron injecting layer, various kinds of
electron injecting materials can be used. In this example, the
electron injecting layer was formed using Alq, and lithium
with a thickness of 30 nm by a co-evaporation method so that
lithium was contained in Algs in the proportion of 1 wt %.
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[0342] After forming a layer containing a light emitting
material in this manner, which was formed by laminating the
layer containing the composite material of the invention, the
hole transporting layer, the light emitting layer, the electron
transporting layer, and the electron injecting layer, a second
electrode was formed by a sputtering method or an evapora-
tion method. In this example, the second electrode functions
as a cathode. In this example, the second electrode was
formed using Al by an evaporation method.

[0343] According to the above, the light emitting element
of this example was manufactured. A current-voltage charac-
teristic of the light emitting element which was manufactured
in this example is shown in FIG. 35; a luminance-voltage
characteristic thereof, FIG. 36: and a current efficiency-lumi-
nance characteristic thereof, FIG. 37.

[0344] FIG. 35 shows that current is made to flow more
easily by using the composite material of the invention for the
light emitting element. In addition, FIG. 36 shows that a drive
voltage of the light emitting element is reduced. FIG. 37
shows that luminous efficiency is improved. It is thought that
light extraction efficiency is improved since the composite
material of the invention has high visible light transmittance.
[0345] In other words, it is found that a drive voltage to
obtain light emission with a certain luminance can be reduced
by using the composite material of the invention for the light
emitting element. Specifically, in the case of the light emitting
element which was manufactured in this example, a voltage
required to cause light emission with a luminance of 1000
ed/m? is 5.2 V, and a current density at this time is 8.4
mA/cm?. In other words, it is found that low voltage drive and
low current drive become possible by using the composite
material of the invention for the light emitting element.

Example 8

[0346] In this example, a light emitting element using the
composite material of the invention is explained.

[0347] First, a first electrode of the light emitting element
was formed over a substrate. In this example, the first elec-
trode functions as an anode. With the use of indium tin oxide
containing silicon oxide that is a transparent conductive film
as a material, an anode having an electrode size of 2 mmx2
mm was formed by a sputtering method.

[0348] Next, the substrate, over which the first electrode
was formed, was fixed to a substrate holder in a vacuum
evaporation apparatus so that the side, on which the first
electrode was formed, faced downward. Then, a layer con-
taining PCzZPCA1 and molybdenum oxide was formed with a
thickness of 50 nm by a co-evaporation method. At this time,
the co-evaporation was performed so that a weight ratio of
PCzPCA1 to molybdenum oxide was 4:1.

[0349] Subsequently. a hole transporting layer was formed
of a material having an excellent hole transport property. As a
material for forming the hole transporting layer, various kinds
of hole transporting materials can be used. In this example,
the hole transporting layer was formed using o-NPD with a
thickness of 10 n by an evaporation method.

[0350] Subsequently. a light emitting layer was formed.
Note that holes and electrons are recombined in the light
emitting layer to cause light emission. In this example, with
the use of Alq; serving as a host material and coumarin 6
serving as a guest material, the light emitting layer was
formed with a thickness of 40 nm by a co-evaporation method
so that coumarin 6 was contained in Algj in the proportion of
1 wt %.
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[0351] Then, an electron transporting layer was formed. As
amaterial for forming the electron transporting layer, various
kinds of electron transporting materials can be used. In this
example, the electron transporting layer was formed using
Alq, with a thickness of 10 nm by an evaporation method.
[0352] Subsequently, an electron injecting layer was
formed. For the electron injecting layer, various kinds of
electron injecting materials can be used. In this example, the
electron injecting layer was formed using Alq, and lithium
with a thickness of 30 nm by a co-evaporation method so that
lithium was contained in Alg, in the proportion of 1 wt %.
[0353] After forming a layer containing a light emitting
material in this manner, which was formed by laminating the
layer containing the composite material of the invention, the
hole transporting layer, the light emitting layer, the electron
transporting layer, and the electron injecting layer, a second
electrode was formed by a sputtering method or an evapora-
tion method. In this example, the second electrode functions
as a cathode. In this example, the second electrode was
formed using Al by an evaporation method.

[0354] In addition, a change over time in normalized lumi-
nance of the light emitting element manufactured in this
example is shown in FIG. 38, and a change over time in
voltage is shown in FIG. 39. As a measurement method, a
change over time in luminance and a change over time in
voltage were measured while setting an initial luminance at
3000 cd/m and keeping a constant current flowing,

[0355] FIG. 38 shows that a luminance of the light emitting
element manufactured in this example is less decreased due to
a change over time. In addition, FIG. 39 shows that a voltage
of the light emitting element manufactured in this example is
less increased over time. Therefore, it is found that the light
emitting element using the composite material of the inven-
tion has a long life and high reliability.

Example 9

[0356] In this example, a light emitting element using the
composite material of the invention is explained.

[0357] First, a first electrode of the light emitting element
was formed over a substrate. In this example, the first elec-
trode functions as an anode. With the use of indium tin oxide
containing silicon oxide that is a transparent conductive film
as a material, an anode having an electrode size of 2 mmx2
mm was formed by a sputtering method.

[0358] Next, the substrate, over which the first electrode
was formed, was fixed to a substrate holder in a vacuum
evaporation apparatus so that the side, on which the first
electrode was formed, faced downward. Then, a layer con-
taining PCzPCA1 and molybdenum oxide was formed with a
thickness of 50 nm by a co-evaporation method. At this time,
the co-evaporation was performed so that a weight ratio of
PCzPCA1 to molybdenum oxide was 4:2.

[0359] Subsequently, a hole transporting layer was formed
of a material having an excellent hole transport property. As a
material for forming the hole transporting layer, various kinds
of hole transporting materials can be used. In this example,
the hole transporting layer was formed using o-NPD with a
thickness of 10 nm by an evaporation method.

[0360] Subsequently, a light emitting layer was formed.
Note that holes and electrons are recombined in the light
emitting layer to cause light emission. In this example, with
the use of Alq, serving as a host material and coumarin 6
serving as a guest material, the light emitting layer was
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formed with a thickness of 40 nm by a co-evaporation method
so that coumarin 6 was contained in Algj in the proportion of
1 wt %.

[0361] Then, an electron transporting layer was formed. As
amaterial for forming the electron transporting layer, various
kinds of electron transporting materials can be used. In this
example, the electron transporting layer was formed using
Alq, with a thickness of 10 nm by an evaporation method.
[0362] Subsequently., an electron injecting layer was
formed. For the electron injecting layer, various kinds of
electron injecting materials can be used. In this example, the
electron injecting layer was formed using Alq, and lithium
with a thickness of 10 nm by a co-evaporation method so that
lithium was contained in Alqs in the proportion of 1 wt %.
[0363] After forming a layer containing a light emitting
material in this manner, which was formed by laminating the
layer containing the composite material of the invention, the
hole transporting layer, the light emitting layer, the electron
transporting layer, and the electron injecting layer, a second
electrode was formed by a sputtering method or an evapora-
tion method. In this example, the second electrode functions
as a cathode. In this example, the second electrode was
formed using Al by an evaporation method. The light emitting
element manufactured in this example is referred to as Ele-
ment 1.

Example 10

[0364] In this example, a light emitting element using the
composite material of the invention is explained.

[0365] First, a first electrode of the light emitting element
was formed over a substrate. In this example, the first elec-
trode functions as an anode. With the use of indium tin oxide
containing silicon oxide that is a transparent conductive film
as a material, an anode having an electrode size of 2 mmx2
mm was formed by a sputtering method.

[0366] Next, the substrate, over which the first electrode
was formed, was fixed to a substrate holder in a vacuum
evaporation apparatus so that the side, on which the first
electrode was formed, faced downward. Then, a layer con-
taining PCZPCN1 and molybdenum oxide was formed with a
thickness of 50 nm by a co-evaporation method. At this time,
the co-evaporation was performed so that a weight ratio of
PCzPCN1 to molybdenum oxide was 4:2.

[0367] Subsequently. a hole transporting layer was formed
of a material having an excellent hole transport property. As a
material for forming the hole transporting layer, various kinds
of hole transporting materials can be used. In this example,
the hole transporting layer was formed using o-NPD with a
thickness of 10 nm by an evaporation method.

[0368] Subsequently. a light emitting layer was formed.
Note that holes and electrons are recombined in the light
emitting layer to cause light emission. In this example, with
the use of Alq, serving as a host material and coumarin 6
serving as a guest material, the light emitting layer was
formed with a thickness of 40 nm by a co-evaporation method
so that coumarin 6 was contained in Alqj in the proportion of
1 wt %.

[0369] Then, an electron transporting layer was formed. As
amaterial for forming the electron transporting layer, various
kinds of electron transporting materials can be used. In this
example, the electron transporting layer was formed using
Alq; with a thickness of 10 nm by an evaporation method.
[0370] Subsequently. an electron injecting layer was
formed. For the electron injecting layer, various kinds of
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electron injecting materials can be used. In this example, the
electron injecting layer was formed using Alq, and lithium
with a thickness of 10 nm by a co-evaporation method so that
lithium was contained in Alq;, in the proportion of 1 wt %.
[0371] After forming a layer containing a light emitting
material in this manner, which was formed by laminating the
layer containing the composite material of the invention, the
hole transporting layer, the light emitting layer, the electron
transporting layer, and the electron injecting layer, a second
electrode was formed by a sputtering method or an evapora-
tion method. In this example, the second electrode functions
as a cathode. In this example, the second electrode was
formed using Al by an evaporation method. The light emitting
element manufactured in this example is referred to as Ele-
ment 2.

[0372] Current-voltage characteristics of Element 1 manu-
factured in Example 9 and Element 2 manufactured in
Example 10 are shown in FIG. 43; luminance-voltage char-
acteristics thereof, FIG. 44; and current efficiency-luminance
characteristics thereof, FIG. 45.

[0373] FIG. 43 shows that current is made to flow more
easily by using the composite material of the invention for the
light emitting element. In addition, FIG. 44 shows that a drive
voltage of the light emitting element is reduced. FIG. 45
shows that a luminous efficiency is improved. It is thought
that this is because the composite material of the invention has
high visible light transmittance, and that light extraction effi-
ciency is improved. It is also thought that luminous efficiency
is further improved since a carrier balance of Element 2 is
improved.

[0374] In other words, it is found that a drive voltage to
obtain light emission with a certain luminance can be reduced
by using the composite material of the invention for the light
emitting element. Specifically, in the case of Element 1, a
voltage required to cause light emission with a luminance of
1000 cd/m” is 5.0V, and a current density at this time is 9.9
mA/cm?. Further, in the case of Element 2, a voltage required
to cause light emission with a luminance of 1000 cd/m?is 5.0
V, and a current density at this time is 7.5 mA/cm?. In other
words, it is found that low voltage drive and low current drive
become possible by using the composite material of the
invention for the light emitting element.

Example 11

[0375] 1In this example, a light emitting element using the
composite material of the invention is explained.

[0376] First, a first electrode of the light emitting element
was formed over a substrate. In this example, the first elec-
trode functions as an anode. With the use of indium tin oxide
containing silicon oxide that is a transparent conductive film
as a material, an anode having an electrode size of 2 mmx2
mm was formed by a sputtering method.

[0377] Next, the substrate, over which the first electrode
was formed, was fixed to a substrate holder in a vacuum
evaporation apparatus so that the side, on which the first
electrode was formed, faced downward. Then, a layer con-
taining PCzPCA1 and molybdenum oxide was formed with a
thickness of 50 nm by a co-evaporation method. At this time,
the co-evaporation was performed so that a weight ratio of
PCzPCA1 to molybdenum oxide was 4:2.

[0378] Subsequently, a hole transporting layer was formed
of a material having an excellent hole transport property. As a
material for forming the hole transporting layer, various kinds
of hole transporting materials can be used. In this example,
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the hole transporting layer was formed using o-NPD with a
thickness of 10 nm by an evaporation method.

[0379] Subsequently, a light emitting layer was formed.
Note that holes and electrons are recombined in the light
emitting layer to cause light emission. In this example, with
the use of Alq; serving as a host material and coumarin 6
serving as a guest material, the light emitting layer was
formed with a thickness of 40 nm by a co-evaporation method
so that coumarin 6 was contained in Alq, in the proportion of
1 wt %.

[0380] Then, an electron transporting layer was formed. As
amaterial for forming the electron transporting layer, various
kinds of electron transporting materials can be used. In this
example, the electron transporting layer was formed using
Alq, with a thickness of 10 nm by an evaporation method.
[0381] Subsequently. an electron injecting layer was
formed. For the electron injecting layer, various kinds of
electron injecting materials can be used. In this example, the
electron injecting layer was formed using Alq, and lithium
with a thickness of 10 nm by a co-evaporation method so that
lithium was contained in Alg, in the proportion of 1 wt %.
[0382] Next, a layer containing PCzPCA1 and molybde-
num oxide was formed with a thickness of 20 nm by a co-
evaporation method. At this time, the co-evaporation was
performed so that a weight ratio of PCzPCA1 to molybdenum
oxide was 4:2.

[0383] After forming a layer containing a light emitting
material in this manner, which was formed by laminating the
layer containing the composite material of the invention, the
hole transporting layer, the light emitting layer, the electron
transporting layer, the electron injecting layer, and the layer
containing the composite material of the invention, a second
electrode was formed by a sputtering method or an evapora-
tion method. In this example, the second electrode functions
as a cathode. In this example, the second electrode was
formed using Al by an evaporation method. The light emitting
element manufactured in this example is referred to as Ele-
ment 3.

Example 12

[0384] In this example, a light emitting element using the
composite material of the invention is explained.

[0385] First, a first electrode of the light emitting element
was formed over a substrate. In this example, the first elec-
trode functions as an anode. With the use of indium tin oxide
containing silicon oxide that is a transparent conductive film
as a material, an anode having an electrode size of 2 mmx2
mm was formed by a sputtering method.

[0386] Next, the substrate, over which the first electrode
was formed, was fixed to a substrate holder in a vacuum
evaporation apparatus so that the side, on which the first
electrode was formed, faced downward. Then, a layer con-
taining PCzZPCN1 and molybdenum oxide was formed with a
thickness of 50 nm by a co-evaporation method. At this time,
the co-evaporation was performed so that a weight ratio of
PCzPCN1 to molybdenum oxide was 4:2.

[0387] Subsequently. a hole transporting layer was formed
of a material having an excellent hole transport property. As a
material for forming the hole transporting layer, various kinds
of hole transporting materials can be used. In this example,
the hole transporting layer was formed using o-NPD with a
thickness of 10 nm by an evaporation method.

[0388] Subsequently. a light emitting layer was formed.
Note that holes and electrons are recombined in the light
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emitting layer to cause light emission. In this example, with
the use of Alq; serving as a host material and coumarin 6
serving as a guest material, the light emitting layer was
formed with a thickness of 40 nm by a co-evaporation method
so that coumarin 6 was contained in Alq, in the proportion of
1 wt %.

[0389] Then, an electron transporting layer was formed. As
amaterial for forming the electron transporting layer, various
kinds of electron transporting materials can be used. In this
example, the electron transporting layer was formed using
Alg, with a thickness of 10 nm by an evaporation method.
[0390] Subsequently, an electron injecting layer was
formed. For the electron injecting layer, various kinds of
electron injecting materials can be used. In this example, the
electron injecting layer was formed using Alq, and lithium
with a thickness of 10 nm by a co-evaporation method so that
lithium was contained in Alg, in the proportion of 1 wt %.
[0391] Next, a layer containing PCzPCN1 and molybde-
num oxide was formed with a thickness of 20 nm by a co-
evaporation method. At this time, the co-evaporation was
performed so that a weight ratio of PCzZPCN1 to molybdenum
oxide was 4:2.

[0392] After forming a layer containing a light emitting
material in this manner, which was formed by laminating the
layer containing the composite material of the invention, the
hole transporting layer, the light emitting layer, the electron
transporting layer, the electron injecting layer, and the layer
containing the composite material of the invention, a second
electrode was formed by a sputtering method or an evapora-
tion method. In this example, the second electrode functions
as a cathode. In this example, Al was evaporated by an evapo-
ration method. The light emitting element manufactured in
this example is referred to as Element 4.

[0393] Current-voltage characteristics of Element 3 manu-
factured in Example 11 and Element 4 manufactured in
Example 12 are shown in FIG. 46; luminance-voltage char-
acteristics thereof, FIG. 47; and current efficiency-luminance
characteristics thereof, FIG. 48.

[0394] FIG. 46 shows that current is made to flow more
easily by using the composite material of the invention for the
light emitting element. In addition, FIG. 47 shows that a drive
voltage of the light emitting element is reduced. FIG. 48
shows that luminous efficiency is improved. It is thought that
light extraction efficiency is improved since the composite
material of the invention has high visible light transmittance.
[0395] In other words, it is found that a drive voltage to
obtain light emission with a certain luminance can be reduced
by using the composite material of the invention for the light
emitting element. Specifically, in the case of Element 3, a
voltage required to cause light emission with a luminance of
1000 cd/m? is 5.6 V, and a current density at this time is 9.7
mA/cm?. Further, in the case of Element 4, a voltage required
to cause light emission with a luminance of 1000 cd/m?is 5.6
V, and a current density at this time is 8.8 mA/cm®. In other
words, it is found that low voltage drive and low current drive
become possible by using the composite material of the
invention for the light emitting element.

Example 13

[0396] In this example, an evaporation apparatus for form-
ing a layer containing the composite material of the invention
is explained. A perspective view of an example of an evapo-
ration apparatus is shown in FIG. 51A. The mechanism of the
evaporation apparatus is briefly described below.
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[0397] A substrate 701 is aligned with an evaporation mask
702 in advance. The substrate is transported in the direction
indicated by an arrow 706 in the aligned state. The substrate
is transported so as to pass over an evaporation shield 703q.
The evaporation shield 703a has an opening 7035, and an
evaporation material from an evaporation source 704 is sub-
limated through the opening 7035. The evaporation shield
703a is heated so that the evaporation material does not
adhere to the evaporation shield itself, in order to keep a
sublimation direction (the direction indicated by an arrow
710) of the evaporation material.

[0398] The evaporation source 704 can be provided with a
plurality of crucibles, and can be moved in the direction
indicated by an arrow 705. A resistance-heating method is
used as an evaporation method. Further, the range of move-
ment of the evaporation source is desirably broader than a
width of the substrate Wa. Further, a width of the evaporation
shield Wb is also preferably broader than the width of the
substrate Wa, so that uniformity of the thickness of an evapo-
rated film is improved.

[0399] In other words, the evaporation apparatus shown in
FIG. 51A includes a film formation chamber provided with an
evaporation shield for keeping a sublimation direction of an
evaporation material, and the evaporation shield is provided
with a plurality of openings. The evaporation material is
sublimated through the plurality of openings. An evaporation
source, which is movable in a direction perpendicular to the
moving direction (also referred to as a transfer direction) of a
substrate, is provided under the evaporation shield. Further,
the width Wb of the evaporation shield is broader than the
width of the substrate Wa, so that uniformity of the thickness
of an evaporated film is improved.

[0400] Note that, in the evaporation apparatus in FIG. 51A,
the shape and the number of the opening 7034 are not limited
in particular.

[0401] In order to supply an evaporation material to the
crucible in the evaporation source, a setting chamber may be
provided which connects to the film formation chamber
through a gate. Further, a plurality of evaporation sources and
evaporation shields may be provided in one film formation
chamber. A top-view of an evaporation apparatus, in which a
plurality of evaporation sources and setting chambers are
provided, is shown in FIG. 51B. A setting chamber 707 is
provided in the moving direction of the evaporation source (in
the direction indicated by the arrow 705). The evaporation
material may be supplied by moving the evaporation source to
the setting chamber. In the case where the evaporation source
is fixed in the film formation chamber, the evaporation mate-
rial is supplied to the evaporation source necessarily in the
film formation chamber at an atmospheric pressure. There-
fore, it takes time to evacuate the film formation chamber for
re-evaporation. When the setting chamber 707 is provided,
atmospheric pressure and vacuum can be switched only in the
setting chamber 707 while the vacuum is kept in the film
formation chamber 700; thus, the evaporation material can be
supplied in a short time.

[0402] Further, a second evaporation shield 709 may be
provided in parallel to the evaporation shield 703a, and a
second evaporation source 708 which moves in the direction
perpendicular to the transfer direction of the substrate may be
provided. A plurality of evaporation sources may be provided
in one film formation chamber, which enables continuous
formation of'alaminated layer. Here, an example of providing
two evaporation sources in one film formation chamber is
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described; however, more than two evaporation sources may
be provided in one film formation chamber.

[0403] Inother words, one film formation chamber may be
provided with two evaporation shields in the direction per-
pendicular to the transfer direction of the substrate, and each
evaporation shield may be provided with an evaporation
source to continuously evaporate the same evaporation mate-
rial. Film formation speed can be improved with the use of
suich an evaporation apparatus. Note that the two evaporation
shields are provided in parallel to each other with enough
distance therebetween.

[0404] Alternatively, different evaporation materials may
be set in two evaporation sources to continuously form a
laminated layer. For example, a first organic compound (car-
bazole derivative) and an inorganic compound are separately
set in two crucibles of a first evaporation source, and a sub-
strate is passed over the first evaporation source, so that a
layer containing the composite material of the invention is
evaporated over the substrate. Subsequently, the substrate is
moved, a second organic compound is set in a crucible of a
second evaporation source, and the substrate is passed over
the second evaporation source, so that a light emitting layer
can be evaporated over the layer containing the composite
material of the invention.

Example 14

[0405] In this example, element characteristics of a plural-
ity of light emitting elements, each of which has a different
mixing ratio of an organic compound and an inorganic com-
pound in a layer containing a composite material, are
explained, which area shown in FIGS. 52 to 54. An element
composition of a light emitting element manufactured in this
example is as shown in Table 1.
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[0409] Subsequently, a light emitting layer was formed.
Holes and electrons are recombined in this light emitting
layer, so that light emission can be obtained. In this example,
a host-guest light emitting layer was formed as the light
emitting layer, and Alq, was used as a host material and
coumarin 6 was used as a guest material. The light emitting
layer was formed with a thickness of 40 nm by a co-evapo-
ration method so that a weight ratio of Alq, to coumarin 6 was
1:0.01.

[0410] After forming the light emitting layer, an electron
transporting layer was formed subsequently. As a material for
forming the electron transporting layer, various kinds of elec-
tron transporting materials can be used. In this example, the
electron transporting layer was formed using Alq, with a
thickness of 40 nm by an evaporation method.

[0411] Subsequently. an electron injecting layer was
formed. For the electron injecting layer, various kinds of
electron injecting materials can be used. In this example, the
electron injecting layer was formed by evaporating lithium
fluoride with a thickness of 1 nm.

[0412] Lastly, a second electrode was formed, thereby
manufacturing the light emitting element of this example. In
this example, the second electrode was formed using Al by an
evaporation method.

[0413] Note that in this example, six kinds of light emitting
elements (Elements 5 to 10), each of which has a different
mixing ratio of an organic compound and an inorganic com-
pound in the layer containing the composite material, were
manufactured. Data thereof are shown in FIGS. 52 to 54. Note
that a mixing ratio (PCzPCN1:molybdenum oxide) of each
element is expressed by a weight ratio, and that of Element 5
is 4:0.5; Element 6, 4:1; Element 7, 4:2; Element 8, 4:3;
Element 9, 4:4; and Flement 10, 4:5.

TABLE 1
hole electron electron
layer containing  transporting  light emitting  transporting  injecting
anode  composite material layer layer layer layer  cathode

material  ITSO PCzPCN1:MoOx NPB Alq:C6(1:0.01) Alg LiF Al
thickness — 50 10 40 40 1 —
(um)
[0406] First, a method for manufacturing a light emitting [0414] FIG. 52 shows current efficiency-luminance charac-

element manufactured in this example is explained. A first
electrode of the light emitting element was formed over a
substrate. In this example, the first electrode functions as an
anode. With the use of indium tin oxide containing silicon
oxide that is a transparent conductive film as a material, an
anode having an electrode size of 2 mmx2 mm was formed by
a sputtering method.

[0407] Next, the substrate, over which the first electrode
was formed, was fixed to a substrate holder in a vacuum
evaporation apparatus so that the side, on which the first
electrode was formed, faced downward. Then, a layer which
contains a composite material including PCzPCNI1 and
molybdenum oxide was formed with a thickness of 50 nm by
a co-evaporation method.

[0408] Subsequently, a hole transporting layer was formed
of a material having an excellent hole transport property. As a
material for forming the hole transporting layer, various kinds
of hole transporting materials can be used. In this example,
the hole transporting layer was formed using o-NPD with a
thickness of 10 nm.

teristics of Elements 5 to 10. According to this, within the
range of mixing ratios of the composite material in the light
emitting elements manufactured in this example, it is found
that current efficiency becomes more favorable as the amount
of the inorganic compound in the layer containing the com-
posite material becomes smaller.

[0415] FIG. 53 shows current-voltage characteristics of
Elements 5 to 10. According to this, within the range of
mixing ratios of the composite material in the light emitting
elements manufactured in this example, it is found that a
current-voltage characteristic becomes more favorable as the
amount of the inorganic compound in the layer containing the
composite material becomes larger.

[0416] FIG. 54 shows luminance-voltage characteristics of
Elements 5 to 10. According to this, within the range of
mixing ratios of the composite material in the light emitting
elements manufactured in this example, it is found that every
element exhibits a favorable luminance-voltage characteris-
tic.
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[0417] 1In addition, FIG. 67 shows power efficiency-lumi-
nance characteristics of Elements 5 to 10 manufactured in this
example. Higher power efficiency means lower power con-
sumption. According to FIG. 67, within the range of mixing
ratios of the composite material in the light emitting elements
manufactured in this example, it is found that power effi-
ciency becomes more favorable as the amount of the inor-
ganic compound in the layer containing the composite mate-
rial becomes smaller.

Example 15

[0418] In this example, a specific example of a layer con-
taining the carbazole derivative represented by General For-
mula (1) and an inorganic compound which exhibits an elec-
tron accepting property to the carbazole derivative is given.
As the carbazole derivative, PCZPCN1 was used, and as the
inorganic compound, molybdenum oxide was used.

[0419] First, aglass substrate was fixed to a substrate holder
in a vacuum evaporation apparatus. Next, PCZPCN1 and
molybdenum oxide (VI) were separately put in different
resistance-heating evaporation sources, and a layer contain-
ing PCzPCN1 and molybdenum oxide was formed under
reduced pressure by a co-evaporation method. At this time,
the co-evaporation was performed so that a weight ratio of
PCzPCN1 to molybdenum oxide was 4:2. Note that a thick-
ness thereof was 100 nm.

[0420] A measurement result of an absorption spectrum of
the PCzPCN1-molybdenum oxide mixed film which was
formed in this manner is shown in FIG. 55.

[0421] As FIG. 55 shows, new absorption, which was not
seen in the film of only PCzZPCN1, was observed in the PCz-
PCN1-molybdenum oxide mixed film (a portion surrounded
by dotted line in the diagram, and there is a peak in the vicinity
of 1120 nm). It is thought that this is because molybdenum
oxide exhibits an electron accepting property to PCzPCN1,
and molybdenum oxide accepts electrons from PCzPCN1
and holes are generated in PCzPCNT.

[0422] Consequently, the PCZPCN1-molybdenum oxide
mixed film formed in this example, in which carriers are
generated internally, can reduce a drive voltage of a light
emitting element.

[0423] In addition, as FIG. 55 shows, notable absorption
was not observed in a visible light region (400 nm to 700 nm)
as for the PCzPCN1-molybdenum oxide mixed film.

Example 16

[0424] Next, visible light transmittance of the mixed film
manufactured in Example 15 is shown in FIG. 56.

[0425] A diagram where the vertical axis of FIG. 55 is
converted from absorbance into transmittance is shown in
FIG. 56. Note that a wavelength of the horizontal axis is
limited to a visible light region (400 nm to 700 nm) in FIG. 56.
As FIG. 56 shows, a transmittance in the visible light region
of the PCzPCN1-molybdenum oxide mixed film manufac-
tured in Example 15 shows approximately 90% or more.

[0426] In addition, absorbance per micrometer in the range
of blue (450 nm) to red (650 nm) of the PCzZPCN1-molybde-
num oxide mixed film manufactured in Example 15 is shown
in FIG. 72. As FIG. 72 shows, absorbance per micrometer of
the composite material of the inventionis 2 (um) ™ orless, and
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is low in the range of blue (450 nm) to red (650 nm). There-
fore, the composite material of the invention has high light
transmittance at blue (450 nm), green (520 nm), and red (650
mm), and is suitable for a full-color display.

[0427] According to the above, itis found that the compos-
ite material of the invention is superior in visible light trans-
mittance to a conventional composite material.

Example 17

[0428] Inthis example, a current-voltage characteristic of a
layer containing the composite material of the invention was
measured.

[0429] First, indium tin oxide containing silicon oxide
(ITSO) was evaporated over a glass substrate by a sputtering
method to form a first electrode. Note that the first electrode
was formed to have a size of 2 mmx2 mm.

[0430] Subsequently, the substrate, over which the first
electrode was formed, was fixed to a substrate holder in a
vacuum evaporation apparatus so that the side, on which the
first electrode was formed, faced downward.

[0431] Thereafter, a layer formed of the composite material
of the invention was formed by co-evaporating PCzPCN1 and
molybdenum oxide (V1) over the first electrode after evacu-
ating the vacuum evaporation apparatus and reducing pres-
sure. A thickness thereof was 200 nm. Note that the co-
evaporation method is an evaporation method by which
evaporation is performed simultaneously from a plurality of
evaporation sources in one treatment chamber. A weight ratio
of PCzPCN1 to molybdenum oxide (V1) was adjusted to be
4:2.

[0432] By evaporating aluminum (Al) using a resistance-
heating evaporation method over the layer containing the
composite material of the invention, a second electrode was
formed, thereby manufacturing a light emitting element of the
invention.

[0433] A current-voltage characteristic was measured by a
two-terminal method, considering the case where ITSO is an
anode and Al is a cathode, as a forward direction and the case
where ITSO is a cathode and Al is an anode, as a reverse
direction.

[0434] A result of a current-voltage characteristic at room
temperature (25° C.) is shown in FIG. 57. It is found that
current flows in both the forward direction and the reverse
direction in the element manufactured in this example, and
that its current-voltage characteristic is symmetrical with
respect to the origin. Since the current-voltage characteristic
has symmetry in spite of using different electrodes of ITSO
and Al, it is thought that an interface between the electrode
and the layer containing the composite material of the inven-
tion does not form a Schottky contact.

Example 18

[0435] In this example, a light emitting element having a
layer containing a composite material was manufactured, and
an influence of a mixing ratio of an organic compound and an
inorganic compound on an emission property of the element
was examined. Results thereof are shown in FIGS. 58 to 60.
An element composition of the light emitting element manu-
factured in this example is as shown in Table 2.
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TABLE 2
hole electron electron
layer containing ~ transporting  light emitting  transporting  injecting
anode composite material layer layer layer layer  cathode

material ITSO  PCzPCNI1:MoOx NPB Alg:C6(1:0.01) Alg LiF Al
thickness — 120 10 40 30 1 —
(um)
[0436] First, a method for manufacturing the light emitting current-voltage characteristic becomes more favorable as the

element manufactured in this example is explained. A first
electrode of the light emitting element was formed over a
substrate. In this example, the first electrode functions as an
anode. With the use of indium tin oxide containing silicon
oxide that is a transparent conductive film as an electrode
material, the first electrode was formed by a sputtering
method.

[0437] Next, the substrate, over which the first electrode
was formed, was fixed to a substrate holder in a vacuum
evaporation apparatus so that the side, on which the first
electrode was formed, faced downward. Then, a layer which
contains a composite material including PCzPCNI1 and
molybdenum oxide was formed with a thickness of 120 nm by
a co-evaporation method.

[0438] Subsequently, a hole transporting layer was formed
of a material having an excellent hole transport property. As a
material for forming the hole transporting layer, various kinds
of hole transporting materials can be used. In this example,
the hole transporting layer was formed using o-NPD with a
thickness of 10 nm.

[0439] Therefore, a light emitting layer was formed. Holes
and electrons are recombined in this light emitting layer, so
that light emission can be obtained. In this example, a host-
guest light emitting layer was formed as the light emitting
layer, and Alq; was used as a host material and coumarin 6
was used as a guest material. The light emitting layer was
formed with a thickness of 40 nm by a co-evaporation method
so that a weight ratio of Alq, to coumarin 6 was 1:0.01.
[0440] After the light emitting layer was formed, an elec-
tron transporting layer was formed subsequently. As a mate-
rial for forming the electron transporting layer, various kinds
of electron transporting materials can be used. In this
example, the electron transporting layer was formed using
Alq, with a thickness of 30 nm by an evaporation method.
[0441] Subsequently, an electron injecting layer was
formed. For the electron injecting layer, various kinds of
electron injecting materials can be used. In this example, the
electron injecting layer was formed by evaporating lithium
fluoride with a thickness of 1 nm.

[0442] Lastly, a second electrode was formed, thereby
manufacturing the light emitting element of this example. In
this example, the second electrode was formed by evaporat-
ing Al with a thickness of 200 nm by an evaporation method.
[0443] Note that in this example, three kinds of light emit-
ting elements (Elements 11 to 13), each of which has a dif-
ferent mixing ratio of an organic compound and an inorganic
compound in the layer containing the composite material,
were manufactured. Data thereofare shown in FIGS. 58 to 60.
Note that a mixing ratio (PCzPCN1:molybdenum oxide) of
each element is expressed by a weight ratio, and that of
Element 11 is 4:0.5; Element 12, 4:1; and Element 13, 4:2.
[0444] FIG. 58 shows current-voltage characteristics of
Elements 11 to 13. According to FIG. 58, within the range of
mixing ratios of the composite material in the light emitting
elements manufactured in this example, it is found that a

amount of the inorganic compound in the layer containing the
composite material becomes larger.

[0445] FIG. 59 shows current efficiency-luminance charac-
teristics of Elements 11 to 13. According to FIG. 59, within
the range of mixing ratios of the composite material in the
light emitting elements manufactured in this example, it is
found that every element exhibits a favorable current effi-
ciency-luminance characteristic.

[0446] FIG. 60 shows luminance-voltage characteristics of
Elements 11 to 13. According to FIG. 60, within the range of
mixing ratios of the composite material in the light emitting
elements manufactured in this example, it is found that a
luminance-voltage characteristic becomes more favorable as
the amount of the inorganic compound in the layer containing
the composite material becomes larger.

Example 19

[0447] In this example, a light emitting element using the
composite material of the invention is explained.

[0448] First, a first electrode of the light emitting element
was formed over a substrate. In this example, the first elec-
trode functions as an anode. With the use of indium tin oxide
containing silicon oxide that is a transparent conductive film
as a material, an anode was formed by a sputtering method
[0449] Next, the substrate, over which the first electrode
was formed, was fixed to a substrate holder in a vacuum
evaporation apparatus so that the side, on which the first
electrode was formed, faced downward. Then, a layer con-
taining PCZPCN1 and molybdenum oxide was formed with a
thickness of 120 nm by a co-evaporation method. At this time,
the co-evaporation was performed so that a weight ratio of
PCzPCN1 to molybdenum oxide was 4:2.

[0450] Subsequently. a hole transporting layer was formed
of a material having an excellent hole transpott property. As a
material for forming the hole transporting layer, various kinds
of hole transporting materials can be used. In this example,
the hole transporting layer was formed using o-NPD with a
thickness of 10 nm by an evaporation method.

[0451] Subsequently. a light emitting layer was formed.
Note that holes and electrons are recombined in the light
emitting layer to cause light emission. In this example, with
the use of Alq; serving as a host material and coumarin 6
serving as a guest material, the light emitting layer was
formed with a thickness of 37.5 nm by a co-evaporation
method so that coumarin 6 was contained in Alg, in the
proportion of 1 wt %.

[0452] Then, an electron transporting layer was formed. As
a material for forming the electron transporting layer, various
kinds of electron transporting materials can be used. In this
example, the electron transporting layer was formed using
Alq, with a thickness of 37.5 nm by an evaporation method.
[0453] Subsequently., an electron injecting layer was
formed. For the electron injecting layer, various kinds of
electron injecting materials can be used. In this example, the
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electron injecting layer was formed by evaporating lithium
fluoride with a thickness of 1 nm.

[0454] Lastly, a second electrode was formed, thereby
manufacturing the light emitting element of this example. In
this example, the second electrode was formed by evaporat-
ing Al with a thickness of 200 nm by an evaporation method.
The light emitting element manufactured in this example is
referred to as Element 14.

[0455] A current-voltage characteristic of Element 14
manufactured in this example is shown in FIG. 61; a current
efficiency-luminance characteristic thereof, FIG. 62; and a
luminance-voltage characteristic thereof, FIG. 63.

[0456] As FIGS. 61 to 63 show; it is found that Element 14
manufactured in this example is excellent in all of the current-
voltage characteristic, the current efficiency-luminance char-
acteristic, and the luminance-voltage characteristic. This
results partly from the fact that the layer containing the com-
posite material of the invention does not have a strong absorp-
tion peak in a visible region. In addition, since the layer
containing the composite material of the invention has high
conductivity, it exhibits a favorable current-voltage charac-
teristic.

[0457] In other words, it is found that a drive voltage to
obtain light emission with a certain luminance can be reduced
by using the composite material of the invention for the light
emitting element. Specifically, a voltage required to cause
light emission with a luminance of 1000 ¢d/m? is 5.8V, and a
current density at this time is 8.5 mA/em?. In other words, it
is found that low voltage drive and low current drive become
possible by using the composite material of the invention for
the light emitting element.

[0458] In addition, a power efficiency-luminance charac-
teristic of Element 14 manufactured in this example is shown
in FIG. 64. Higher power efficiency means lower power con-
sumption, and it is found from FIG. 64 that the light emitting
element of the invention exhibits favorable power efficiency.
[0459] A change over time in normalized luminance of
Element 14 manufactured in this example is shown in FIG.
65. Measurement was performed by setting an initial lumi-
nance at 3000 cd/m?, applying a current at room temperature
under constant current conditions, and monitoring a change
over time in luminance and a change over time in voltage.
[0460] FIG. 65 shows that a luminance of the light emitting
element manufactured in this example is less decreased due to
a change over time. Therefore, it is found that the light emit-
ting element using the composite material of the invention has
a long life and high reliability.

Example 20

[0461] In this example, a light emitting element using the
composite material of the invention is explained.

[0462] First, a first electrode of the light emitting element
was formed over a substrate. In this example, the first elec-
trode functions as an anode. With the use of indium tin oxide
containing silicon oxide that is a transparent conductive film
as an electrode material, an anode was formed by a sputtering
method.

[0463] Next, the substrate, over which the first electrode
was formed, was fixed to a substrate holder in a vacuum
evaporation apparatus so that the side, on which the first
electrode was formed, faced downward. Then, a layer which
contains a composite material including PCzPCNI1 and
molybdenum oxide was formed with a thickness of 120 nm by
a co-evaporation method.

[0464] Subsequently, a hole transporting layer was formed
of a material having an excellent hole transport property. As a
material for forming the hole transporting layer, various kinds
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of hole transporting materials can be used. In this example,
the hole transporting layer was formed using o-NPD with a
thickness of 10 nm by an evaporation method.

[0465] Subsequently, a light emitting layer was formed.
Note that holes and electrons are recombined in the light
emitting layer to cause light emission. In this example, with
the use of Alq; serving as a host material and coumarin 6
serving as a guest material, the light emitting layer was
formed with a thickness of 37.5 nm by a co-evaporation
method so that coumarin 6 was contained in Alg, in the
proportion of 1 wt %.

[0466] Then, an electron transporting layer was formed. As
amaterial for forming the electron transporting layer, various
kinds of electron transporting materials can be used. In this
example, the electron transporting layer was formed using
Alq, with a thickness of 37.5 nm by an evaporation method.

[0467] Subsequently. an electron injecting layer was
formed. For the electron injecting layer, various kinds of
electron injecting materials can be used. In this example, the
electron injecting layer was formed by evaporating lithium
fluoride with a thickness of 1 nm.

[0468] After forming a layer containing a light emitting
material in this manner, which was formed by laminating the
layer containing the composite material of the invention, the
hole transporting layer, the light emitting layer, the electron
transporting layer. and the electron injecting layer, a second
electrode was formed by a sputtering method or an evapora-
tion method. In this example, the second electrode functions
as a cathode. In this example, the second electrode was
formed using Al with a thickness 0f 200 nm by an evaporation
method.

[0469] Note that inthis example, two kinds of light emitting
elements (Elements 15 and 16), each of which has a different
mixing ratio of an organic compound and an inorganic com-
pound in the layer containing the composite material, were
manufactured, and data thereof are shown. Note that a mixing
ratio (PCzPCN1:molybdenum oxide) of each element is
expressed by weight ratio, and that of Element 15 is 4:1 and
that of Element 16 is 4:2.

[0470] Changes over time in normalized luminance of Ele-
ments 15 and 16 manufactured in this example are shown in
FIG. 66. Measurement was performed by setting an initial
luminance at 3000 ¢d/m?, applying a current at 60° C. under
constant current conditions, and measuring a change over
time in luminance and a change over time in voltage.

[0471] FIG. 66 shows that a luminance of the light emitting
element manufactured in this example is less decreased due to
a change over time. In particular, a luminance of Element 15
which has a low concentration of molybdenum oxide is less
decreased due to a change over time. Therefore, it is found
that the light emitting element using the composite material
of the invention has a long life and high reliability.

Example 21

[0472] In this example, an electronic state of a layer con-
taining the composite material of the invention was measured.

[0473] A layer containing PCzPCA1l and molybdenum
oxide was formed over a quartz substrate by a co-evaporation
method to have a thickness of 200 nm. At this time, the
co-evaporation was performed so that a weight ratio of PCz-
PCA1 to molybdenum oxide was 1:0.5. ESR (Electron Spin
Resonance) measurement was performed on this layer con-
taining PCzZPCA1 and molybdenum oxide. A result thereof'is
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shown in FIG. 68. The ESR measurement is a measurement
method, in which a strong magnetic field is applied to a
sample having an unpaired electron to cause Zeeman splitting
of an energy level of the unpaired electron, and resonance
absorption transition of a microwave, which is equivalent to
an energy difference between the levels, is utilized. This ESR
measurement shows the presence or absence of an unpaired
electron and a spin state by measuring a frequency and an
intensity of a magnetic field when absorption occurs. Further,
electron spin concentration can be obtained from absorption
intensity. The measurement was performed using an electron
spin resonance spectrometer (JES-TE200, manufactured by
JEOL Ltd.) under the following conditions: a resonance fre-
quency, 9.3 GHz; a modulation frequency, 100 kHz; a modu-
lation width, 0.63 mT; amplification degree, 50; time con-
stant, 0.1 sec; microwave input, 1 mW; sweep time, 4 min;
and a measurement temperature, room temperature. Note that
manganese supported by magnesium oxide was used as a
sample for magnetic field calibration. In addition, as com-
parative examples, ESR measurement was also performed on
a single film of PCzPCA1 (thickness: 200 nm) and a single
film of molybdenum oxide (thickness: 200 nm). An ESR
measurement result of the single film of PCzZPCA1 is shown
in FIG. 69, and that of the single film of molybdenum oxide is
shown in FIG. 70.

[0474] As FIGS. 68 to 70 show, an ESR signal was not
detected in the single film of PCzZPCA1 and the single film of
molybdenum oxide, whereas an ESR signal was detected in
the layer containing PCzPCA1 and molybdenum oxide.
According to this, it is found that the layer containing PCz-
PCA1 and molybdenum oxide has an unpaired electron and
has an electronic state different from those of the single film
of PCzPCA1 and the single film of molybdenum oxide which
do not have an unpaired electron. Note that it is found from
FIG. 68 that the g value of the layer containing PCzPCA1 and
molybdenum oxide is found to be 2.0024, which is extremely
close to 2.0023, that is, the g value of a free electron. On the
other hand, it is found that a line width is narrow, 0.67 mT, and
a spin concentration is 3.4x10°° spin/cm’.

Example 22

[0475] In this example, a synthesis method of 3-[N-(9-
phenylcarbazol-3-y1)-N-phenylamino]-9-phenylcarbazole
(abbr.. PCzPCA1) represented by Structural Formula (10),
which is different from that in Example 1, is explained. A
synthesis scheme of PCZPCA1 is shown in (D-1).

(O-1)

NE,

Cul, P(n-Bujs,
tBuOK, xylene, 135° C.

-
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-continued

N,

assveny

[0476] 1.60 mg (4.33 mmol) of 3-iodo-9-phenylcarbazole,
19.0 mg (0.1 mmol) of copperiodide (1), 1.10 g (10 mmol) of
tert-butoxy potassium, 1.0 mL of tri-n-butylphosphine (0.2
mol/, dehydrated hexane solution) were put in a 200-mL
three-neck flask, and the atmosphere of the flask was substi-
tuted by nitrogen. 10 mL of xylene, 0.2 mL (2.1 mmol, 195.6
mg) of aniline were added thereto, and the mixture was
refluxed at 135° C. for 6 hours. The reaction solution was
cooled to a room temperature, and 100 mL of toluene was
added thereto, then the mixture was filtered through florisil
and Celite®. The obtained filtrate was washed with water
twice and a water phase was extracted with toluene twice, the
extracted solution with an organic phase were washed with a
saturated sodium chloride solution, and dried with magne-
sium sulfate. The solution was filtered naturally, and a com-
pound obtained by concentrating the filtrate was subjected to
silica gel chromatography (a toluene-hexane mixed solution)
to obtain an objective substance. 140 mg (yield: 21%) of a
light-yellow solid was obtained.

[0477] By employing the synthesis method described in
this example, a carbazole derivative of the present invention
can be obtained by one-step reaction.

Example 23

[0478] In this example, a synthesis method of 3-[N-(1-
naphthyl)-N-(9-phenylcarbazol-3-yl)amino]-9-phenylcarba-
zole (abbr.. PCZPCNI1) represented by Structural Formula
(17), which is different from that in Example 3, is explained.
A synthesis scheme of PCzZPCNT1 is shown in (D-2).

NH,

N, Cul, 18-crown-6-ether

Q O DMPU, K,C05 170°C.
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-continued

AT

[0479] 3.69 g (0.01 mol) of 3-iodo-9-phenylcarbazole, 716
mg (5 mmol) of 1-naphthylamine, 385 mg (2 mmol) of copper
iodide, 2.74 g (0.02 mol) of potassium carbonate, and 771 mg
(0.02 mol) of 18-crown-6-ether were put in a 200-mL three-
neck flask, and the atmosphere of the flask was substituted by
nitrogen. 8 mLL of DMPU was added thereto, and the mixture
was stirred at 170° C. for 24 hours. The reaction solution was
cooled to aroom temperature and washed with water twice, a
water phase was extracted with toluene twice, and the
extracted solution with an organic phase which had been
washed in advance, were washed with a saturated sodium
chloride solution and dried with magnesium sulfate. The
solution was filtered naturally, and a compound obtained by
concentrating the filtrate was purified with silica gel chroma-
tography (hexane:toluene=7:3) to obtain an objective sub-
stance, i.e., 1.52 g (yield: 48%) of a light-yellow solid.

[0480] By employing the synthesis method described in
this example, a carbazole derivative of the present invention
can be obtained by one-step reaction.

Example 24

[0481] A synthesis method of 3-{N-[9-(4-biphenylyl)car-
bazol-3-yl]-N-phenylamino }-9-(4-biphenylyl )carbazole
(abbr.. BCzBCA1), which is represented by Structural For-
mula (70), is explained as one example of a carbazole deriva-
tive of the present invention.

X

S203820

(70)
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[Step 1]

[0482] A synthesis method of 9-(4-biphenylyl)carbazole is
explained. A synthesis scheme of 9-(4-biphenylyl)carbazole
is shown in (B-1).

(B-1)

H
N

L

Pd(OAc),, tBuONa, DPPF, xylene

Br

N

-0

[0483] 12 g (50 mmol) of 4-bromobiphenyl, 8.4 g (50
mmol) of carbazole, 230 mg (1 mmol) of palladium acetate,
1.8 g (3.0 mmol) of 1,1-bis(diphenylphosphino)ferrocene,
and 13 g (180 mmol) of sodium-tert-butoxide were put in a
three-neck flask and the atmosphere of the flask was substi-
tuted by nitrogen, and then, 80 mL of dehydrated xylene was
added thereto, and deaeration was performed. Under a nitro-
gen atmosphere, it was heated and stirred at 120° C. for 7.5
hours. After the termination of the reaction, about 600 mL of
hot toluene was added to this suspension, and filtered twice
through florisil, alumina, and Celite®. The obtained filtrate
was concentrated, hexane was added thereto, and recrystalli-
zation was conducted. This was filtered, and the residue was
collected and dried to obtain 14 g (yield: 87%) of 9-(4-biphe-
nylyl)carbazole which was cream-colored powder.

[Step 2]

[0484] A synthesis method of 3-bromo-9-(4-biphenylyl)
carbazole is explained. A synthesis scheme of 3-bromo-9-(4-
biphenylyl)carbazole is shown in (B-2).

(B-2)

NBS

—_—
N

-0
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-continued

N

-0

Br

[0485] 3.1 g (10 mmol) of 9-(4-biphenylyl)carbazole was
dissolved in 100 mL of chloroform, and 1.8 g (10 mmol) of
N-bromosuccinimide was added thereto slowly. The mixture
was stirred overnight (for about 24 hours) and then washed
with water. Magnesium sulfate was added thereto to remove
water and it was filtered. The filtrate was concentrated, col-
lected, and dried. 3.7 g (yield: 95%) of 3-bromo-9-(4-biphe-
nylyl)carbazole, which was beige powder, was obtained.

[Step 3]

[0486] A synthesis method of 3-iodo-9-(4-biphenylyl)car-
bazole is explained. A synthesis scheme of 3-iodo-9-(4-bi-
phenylyl)carbazole is shown in (B-3).

I NIS

U

(B-3)

-

[0487] 3.2 g (10 mmol) of 9-(4-biphenylyl)carbazole was
dissolved in amixed solution of 200 mL of glacial acetic acid,
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200 mL of toluene, and 50 mL of ethyl acetate. 2.3 g (10
mmol) of N-iodosuccinimide was slowly added thereto. The
mixture was stirred overnight (for about 24 hours) and then
washed with water, a sodium thiosulfate water solution, and a
saturated sodium chloride solution. Magnesium sulfate was
added thereto to remove water and filtered to obtain a filtrate.
The filtrate was concentrated, mixed with acetone and hex-
ane, and then recrystallized with ultrasonic wave. This was
filtered to obtain a residue. The residue was collected and
dried. 4.4 g (yield: 98%) of 3-iodo-9-(4-biphenylyl)carba-
zole, which was beige powder, was obtained.

[Step 4]

[0488] A synthesis method of N-[(4-biphenylyl)carbazol-
3-yl]-N-phenylamine (abbr.: BCA) is explained. A synthesis
scheme of BCA is shown in (B-4).

(B-4)
N Pd(OAc);, tBuONa, DPPF, xylene
Br
N
NH
[0489] 3.7 g (9.2 mmol) of 3-bromo-9-(4-biphenylyl)car-

bazole, 63 mg (0.3 mmol) of palladium acetate, 330 mg (0.6
mmol) of 1,1-bis(diphenylphosphino)ferrocene, and 1.5 g
(15 mmol) of sodium-tert-butoxide were put in a three-neck
flask and the atmosphere of the flask was substituted by
nitrogen, and then, 20 mL of dehydrated xylene was added,
and deaeration was performed. Then, 9.3 g (10 mmol) of
aniline was added thereto. Under a nitrogen atmosphere, it
was heated and stirred at 130° C. for 4 hours. After the
termination of the reaction, about 300 mL of hot toluene was
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added to this suspension, and the mixture was filtered through
florisil, alumina, and Celite®. The obtained filtrate was con-
centrated and hexane was added thereto. Then, it was precipi-
tated by ultrasonic wave. This was filtered, and the residue
was dried to obtain 3.5 g (vield: 93%) of N-[(4-biphenylyl)
carbazol-3-yl]-N-phenylamine (BCA) which was cream-col-
ored powder.

[Step 5]

[0490] A synthesis method of 3-{N-[9-(4-biphenylyl)car-
bazol-3-yl]-N-phenylamino}-9-(4-biphenylyl )carbazole
(abbr. BCzBCALl) is explained. A synthesis scheme of
BCzBCAL1 is shown in (B-5).

(B-5)

oQ

Pd(dpa),, tBuONa, P(tBu)s, xylene

g

~O0 O

ﬁ

[0491] 3.5 g (7.9 mmol) of 3-iodo-9-(4-biphenylyl)carba-
zole, 3.3 g (8.0 mmol) of N-[(4-biphenylyl)carbazol-3-y1]-N-
phenylamine, 230 mg (0.4 mmol) of bis(dibenzylideneac-
etone)palladium(0), and 1.2 g (12 mmol) of sodium-tert-
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butoxide were put in a three-neck flask and the atmosphere of
the flask was substituted by nitrogen. Then, 30 mL of dehy-
drated xylene was added thereto, and deaeration was pet-
formed. 1.4 mL (1.2 mmol) of a hexane solution with 10 wt %
of tri-tert-butylphosphine was added thereto. Under a nitro-
gen atmosphere, it was heated and stirred at 110° C. for 3
hours. After the termination of the reaction, about 500 mL of
hot toluene was added to this suspension, and filtered through
florisil, alumina, and Celite®. The obtained filtrate was con-
centrated to obtain an objective substance using silica gel
column chromatography (toluene:hexane=1:1). This was
concentrated and hexane was added thereto. Then, it was
precipitated by ultrasonic wave. 1.1 g (yield: 19%) of 3-{N-
[9-(4-biphenylyl)carbazol-3-yl]-N-phenylamino }-9-(4-bi-
phenylyl)carbazole (abbr.: BCzZBCA1l), which was cream-
colored powder, was obtained. Data of 'H-NMR are shown
below. "H-NMR (300 MHz, DMSO-d): 6=6.86 (t, J=7.2, 1H),
6.94 (d, J=7.8, 2H), 7.18-7.24 (m, 4H), 7.30 (dd, J=8.9, 1.8,
2H), 7.41-7.54 (m, 12H), 7.70 (d, J=8.4, 4H), 7.77 (d, I=7.2,
411),7.94 (d, J=8.4, 4H), 8.06 (d, J=2.1, 2H), 8.12 (d, I=7.8,
211). A 'H-NMR chart is shown in FIG. 73A, and an enlarged
view of a portion of 6.0 ppm to 9.0 ppm in FIG. 73 A 1s shown
in FIG. 73B. Data of '*C-NMR are shown below. (75.5 MHz,
DMSO-d): =109.6,110.7,117.4,119.4,119.7,119.8,120.5,
120.5,122.4,123.7,125.0, 126.2, 1265, 126.8, 127.5, 128.1,
128.8, 136.0, 136.9, 139.1, 139.1, 140.6, 140.8, 149.3. A
chart of *C-NMR is shown in FIG. 74A. An enlarged view of
the portion of 6.0 ppm to 9.0 ppm in FIG. 74A is shown in
FIG. 74B.

[0492] A thermogravimetry-differential thermal analysis
(TG-DTA) was performed on the obtained BCZBCALI in the
same manner as in Examples 1 to 3. By using a thermo-
gravimetric/differential thermal analyzer (TG/DTA 320,
manufactured by Seiko Instruments Inc.), thermophysical
properties were measured at a temperature rising rate of 10°
C./min under a nitrogen atmosphere. As a result, from the
relationship between gravity and temperature (thermo-
gravimetry), the temperature at which the gravity becomes
95% or less of the gravity at the start of the measurement, was
425° C. under normal pressure.

[0493] A glass transition point (Tg) was measured with a
differential scanning calorimeter (Pyris 1 DSC, manufactured
by Perkin Elmer Co., Ltd.). After a sample was heated from
-10° C. to 400° C. at 40° C./min, it was cooled to =10° C. at
40° C./min. Thereafter, the sample was heated to 400° C. at
10° C./min, and thus, a DSC chart shown in FIG. 75 was
obtained. According to this chart, it is found that the glass
transition point (Tg) of BCzBCAL1 is 137° C. Therefore, it is
found that BCzBCA1 has a high glass transition point. In this
measurement, a heat absorption peak which shows a melting
point was not observed.

[0494] An absorption spectrum of a toluene solution of
BCzBCA1 is shown in FIG. 76. An ultraviolet-visible spec-
trophotometer (V-550, manufactured by JASCO Corpora-
tion) was used for the measurement. The solution was put in
a quartz cell as a sample, and the absorption spectrum, from
which an absorption spectrum of quartz was subtracted, is
shown in FIG. 76. In FIG. 76, the horizontal axis indicates
wavelength (nm) and the vertical axis indicates absorption
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intensity (arbitrary unit). The maximum absorption wave-
length was 395 nm in the case of the toluene solution of
BCzBCALI. An emission spectrum of the toluene solution of
BCzBCA11is showninFIG. 77. InFIG. 77, the horizontal axis
indicates wavelength (nm) and the vertical axis indicates
emission intensity (arbitrary unit). The maximum emission
wavelength was 434 nm (excitation wavelength: 323 nm) in
the case of the toluene solution of BCzBCAL.

[0495]  An absorption spectrum of a thin film of BCzZBCA1
is shown in FIG. 78. An ultraviolet-visible spectrophotometer
(V-550, manufactured by JASCO Corporation) was used for
the measurement. The thin film was evaporated over a quartz
substrate as a sample, and an absorption spectrum, from
which an absorption spectrum of quartz was subtracted, is
shown in FIG. 78. In FIG. 78, the horizontal axis indicates
wavelength (nm) and the vertical axis indicates absorption
intensity (arbitrary unit). The maximum absorption wave-
length was 318 nm in the case of the thin film of BCzBCA1.
An emission spectrum of the thin film of BCzZBCA1 is shown
in FIG. 79. In FIG. 79, the horizontal axis indicates wave-
length (nm) and the vertical axis indicates emission intensity
(arbitrary unit). The maximum emission wavelength was 445
nm (excitation wavelength: 318 nm) in the case of the thin
film of BCZBCAL.

[0496] Further, the HOMO level and LUMO level of
BCzBCA1 in a thin-film state were measured. A value of the
HOMO level was obtained by converting a value of ionization
potential measured by a photoelectron spectrometer (AC-2,
manufactured by Riken Keiki Co., Ltd.) into a negative value.
A value of the LUMO level was obtained by using an absorp-
tion edge of the thin film in FIG. 78 as an energy gap and
adding the value of the absorption edge to the value of the
HOMO level. As a result, the HOMO level and the LUMO
level were —5.14 eV and -2.04 eV, respectively.

Example 25

[0497] A synthesis method of 3,6-bis[N-(1-naphthyl)-N-
(9-phenylcarbazol-3-yl)amino]-9-(4-biphenylyl)carbazole
(abbr.. BCZPCN2), which is represented by Structural For-
mula (71), is explained as one example of a carbazole deriva-
tive of the present invention.

(7)

O~

N

N N

ase oo
oo e ®
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[Step 1]

[0498] A synthesis method of 3,6-dibromo-9-(4-bipheny-
lyl)carbazole is explained. A synthesis scheme of 3,6-di-
bromo-9-(4-biphenylyl)carbazole is shown in (C-1).

(1Y)

D
&
0
Br Br

[0499] 9.6 g (30 mmol) of 9-(4-biphenylyl)carbazole was
dissolved in a mixed solution of 250 mL of toluene, 250 mL
of ethyl acetate, and 50 mL of glacial acetic acid. 13 g (75
mmol) of N-bromosuccinimide was slowly added thereto.
The mixture was stirred for 5 days (for about 100 hours),
washed with water and a sodium thiosulfate water solution,
neutralized with a sodium hydroxide water solution, and then
washed with water again. Magnesium sulfate was added
thereto to remove water and filtered to obtain a filtrate. The
filtrate was concentrated, collected, and dried. 15 g (yield:
100%) of 3,6-dibromo-9-(4-biphenylyl)carbazole, which
was beige powder, was obtained. Data of NMR are shown
below. "H-NMR (300 MHz, CDCl,-d): 8=7.29 (d, ]=8.7, 2H),
7.40 (t, I=7.5, 1H), 7.47-7.56 (m, 6H), 7.67 (d, J=7.5, 2H),
7.81 (d, I-8.4, 2H), 8.20 (d, J=2.1, 2H). A 'H-NMR chart is
shown in FIG. 80A. An enlarged view of a portion of 6.0 ppm
to 9.0 ppm in FIG. 80A is shown in FIG. 80B. Data of
13C-NMR are shown below. *C-NMR (75.5 MHz, CDCl,-
d): 8=111.6,113.3,123.3,123.3, 124.2,127.2,127.3,127.9,
128.8,129.0,129.5,136.1,140.1, 141.3. AUC-NMR chart is
shown in FIGS. 81A and 81B. An enlarged view of a portion
of 100 ppm to 150 ppm in FIG. 81A is shown in FIG. 81B.
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[Step 2]

[0500] A synthesis method of 3,6-bis[N-(1-naphthyl)-N-
(9-phenylcarbazol-3-yl)amino]-9-(4-biphenylyl )carbazole
(abbr.. BCzPCN2) is explained. A synthesis scheme of BCz-
PCN2 is shown in (C-2).

N Pd(dpa),, tBuONa,
P(tBu)s, xylene
Br Br

s
O
0

[0501] 2.4 g (5.0 mmol) of 3,6-dibromo-9-(4-biphenylyl)
carbazole, 3.8 g (10 mmol) of PCN, 580 mg (1.0 mmol) of
bis(dibenzylideneacetone)palladium(0), 6.0 mL (3 mmol) of
a hexane solution with 10 wt % of tri-tert-butylphosphine,
and 3.0 g (30 mmol) of sodium-tert-butoxide were put in a
three-neck flask and the atmosphere of the flask was substi-
tuted by nitrogen. Then, 10 mL of dehydrated xylene was
added thereto, and deaeration was performed. The mixture
was heated and stirred at 130° C. for 12 hours. After the
termination of the reaction, about 550 mL of hot toluene was
added to this suspension, and filtered through florisil, alu-
mina, and Celite®. The obtained filtrate was concentrated to
obtain an objective substance using silica gel column chro-
matography (toluene: hexane=2:1). This was concentrated
and hexane was added thereto. Then, it was precipitated by
ultrasonic wave. 2.7 g (yield: 51%) of 3,6-bis[N-(1-naph-
thyl)-N-(9-phenylcarbazol-3-yl)amino]-9-(4-biphenylyl)

carbazole (abbr.: BCZPCN2), which was lemon-colored pow-
der, was obtained. Data of NMR are shown below. 'H-NMR
(300 MHz, DMSO-d): =6.88-7.67 (m, 45H), 7.76-7.79 (d,
J=1.8,4H),7.84-7.86 (d, }=7.8,2H),7.97-7.99 (d, ]=7.8, 2H).
A 'H-NMR chart is shown in FIG. 82A, and an enlarged view
of a portion of 6.0 ppm to 9.0 ppm in FIG. 82A is shown in
FIG. 82B. Data of "*C-NMR are shown below. *C-NMR
(75.5 MHz, DMSO-d): $=109.3,110.1, 110.5, 113.3, 113.3,
114.5,114.6,119.4,120.2,122.0,122.2,123.1,123.2,123 .3,
124.0,124.7,125.2,125.6,125.9,126.2,126.4,126.5, 127 1,
127.4,127.9,128.1,128.7,129.7,129.8,134.8,135.8, 136.1,
136.7, 136.8, 138.8, 139.0, 140.4, 142.9, 143.3, 144.8. A
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13C.NMR chart is shown in FIG. 83A. An enlarged view ofa
portion of 100 ppm to 150 ppm in FIG. 83 A is shown in FIG.
83B.

[0502] A thermogravimetry-differential thermal analysis
(TG-DTA) was performed on the obtained BCzZPCN2 in the
same manner as in Examples 1 to 4. By using a thermo-
gravimetric/differential thermal analyzer (TG/DTA 320,
manufactured by Seiko Instruments Inc.), thermophysical
properties were evaluated at a temperature rising rate of 10°
C./min under a nitrogen atmosphere. As a result, from the
relationship between gravity and temperature (thermo-
gravimetry), the temperature at which the gravity becomes
95% or less of the gravity at the start of the measurement, was
500° C. or more under normal pressure.

[0503] A glass transition point (Tg) was measured with a
differential scanning calorimeter (Pyris 1 DSC, manufactured
by Perkin Elmer Co., Ltd.). After a sample was heated from
-10° C. to 400° C. at 40° C./min, it was cooled to -10° C. at
40° C./min. After that, the sample was heated to 400° C. at 10°
C./min, and thus, a DSC chart shown in FIG. 84 was obtained.
According to this chart, it is found that a glass transition point
(Tg) of BCZPCN2 is 185° C. Therefore, it is found that
BCzPCN2 has a high glass transition point. In this measure-
ment, a heat absorption peak which shows a melting point was
not observed.

[0504] An absorption spectrum of a toluene solution of
BCzPCN2 is shown in FIG. 85. An ultraviolet-visible spec-
trophotometer (V-550, manufactured by JASCO Corpora-
tion) was used for the measurement. The solution was put in
a quartz cell as a sample, and an absorption spectrum, from
which an absorption spectrum of quartz was subtracted, is
shown in FIG. 85. In FIG. 85, the horizontal axis indicates
wavelength (nm) and the vertical axis indicates absorption
intensity (arbitrary unit). The maximum absorption wave-
length was 370 nm in the case of the toluene solution of
BCzPCN2. An emission spectrum of the toluene solution of
BCzPCN2 is shown in FIG. 86. In FIG. 86, the horizontal axis
indicates wavelength (m) and the vertical axis indicates emis-
sion intensity (arbitrary unit). The maximum emission wave-
length was 465 nm (excitation wavelength: 320 nm) in the
case of the toluene solution of BCZPCN2.

Example 26

[0505] In this example, a light emitting element using the
composite material of the invention is explained.

[0506] First, a first electrode of the light emitting element
was formed over a substrate. In this example, the first elec-
trode functions as an anode. With the use of indium tin oxide
containing silicon oxide that is a transparent conductive film
as a material, an anode was formed by a sputtering method.
[0507] Next, the substrate, over which the first electrode
was formed, was fixed to a substrate holder in a vacuum
evaporation apparatus so that the side, on which the first
electrode was formed, faced downward. Then, a layer con-
taining BCzBCA1 and molybdenum oxide was formed with
athickness of 50 nm by a co-evaporation method. At this time,
the co-evaporation was performed so that a weight ratio of
BCzBCALI to molybdenum oxide was 4:1 (=BCzBCA1:mo-
lybdenum oxide).

[0508] Subsequently, a hole transporting layer was formed
of a material having an excellent hole transport property. As a
material for forming the hole transporting layer, various kinds
of hole transporting materials can be used. In this example,
the hole transporting layer was formed using o-NPD with a
thickness of 10 nm by an evaporation method.

[0509] Subsequently, a light emitting layer was formed.
Note that holes and electrons are recombined in the light
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emitting layer to cause light emission. In this example, with
the use of Alq, serving as a host material and coumarin 6
serving as a guest material, the light emitting layer was
formed with a thickness of 40 nm by a co-evaporation method
so that a weight ratio of Alq, to coumarin 6 is 1:0.01.

[0510] Then, an electron transporting layer was formed. In
this example, the electron transporting layer was formed
using Alq; with a thickness of 10 nm by an evaporation
method.

[0511] Subsequently, an electron injecting layer was
formed. In this example, the electron injecting layer was
formed by evaporating Alq, and lithium to have a thickness of
20 nm, with a weight ratio adjusted to be 1:0.01 (=Alqg;:
lithium).

[0512] Lastly, a second electrode was formed, thereby
manufacturing the light emitting element of the invention. In
this example, the second electrode was formed by evaporat-
ing Al with a thickness of 200 nm by an evaporation method.
The light emitting element manufactured in this example is
referred to as Element 17.

[0513] A current-voltage characteristic of Element 17
manufactured in this example is shown in FIG. 87; a current
efficiency-luminance characteristic thereof, FIG. 88; and a
luminance-voltage characteristic thereof, FIG. 89.

[0514] As FIGS. 87 to 89 show, it is found that Element 17
manufactured in this example is excellent in all of the current-
voltage characteristic, the current efficiency-luminance char-
acteristic, and the luminance-voltage characteristic. This
results partly from the fact that the layer containing the com-
posite material of the invention does not have a strong absorp-
tion peak in a visible region. In addition, since the layer
containing the composite material of the invention has high
conductivity, it exhibits a favorable current-voltage charac-
teristic.

[0515] In other words, it is found that a drive voltage to
obtain light emission with a certain luminance can be reduced
by using the composite material of the invention for the light
emitting element. Specifically, in the case of Element 17, a
voltage required to cause light emission with a luminance of
1000 cd/m” is 5.8 V, and a current density at this time is 9.1
mA/cm?. In other words, it is found that low voltage drive and
low current drive become possible by using the composite
material of the invention for the light emitting element.
[0516] In addition, a power efficiency-luminance charac-
teristic of Element 17 manufactured in this example is shown
in FIG. 90. Higher power efficiency means lower power con-
sumption, and it is found from FIG. 90 that the light emitting
element of the invention exhibits favorable power efficiency.

What is claimed is:

1. A composite material comprising:

acarbazole derivative represented by General Formula (3);
and

an inorganic compound which exhibits an electron accept-
ing property to the carbazole derivative represented by
General Formula (3),
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wherein R*' represents any one of hydrogen, an alkyl
group having 1 to 6 carbon atoms, an aryl group having
6 to 25 carbon atoms, a heteroaryl group having 5 to 9
carbon atoms, an arylalkyl group, and an acyl group
having 1 to 7 carbon atoms; R** represents any one of
hydrogen, an alkyl group having 1 to 6 carbon atoms,
and an aryl group having 6 to 12 carbon atoms; and R*
represents a substituent represented by General Formula
(4), and

@

wherein R** represents any one of hydrogen, an alkyl
group having 1 to 6 carbon atoms, an aryl group having
6 to 25 carbon atoms, a heteroaryl group having 5 to 9
carbon atoms, an arylalkyl group, and an acyl group
having 1 to 7 carbon atoms; Ar** represents one of an
aryl group having 6 to 25 carbon atoms and a heteroaryl
group having 5 to 9 carbon atoms; and R*® represents
any one of hydrogen, an alkyl group having 1 to 6 carbon
atoms, and an aryl group having 6 to 12 carbon atoms.

2. A composite material according to claim 1, wherein R*?
is any one of hydrogen, tert-butyl, phenyl, and biphenyl.

3. A composite material according to claim 1, wherein the
inorganic compound is oxide of transition metal.

4. A composite material according to claim 1, wherein the
inorganic compound is any one or more of titanium oxide,
vanadium oxide, molybdenum oxide, tungsten oxide, rhe-
nium oxide, ruthenium oxide, chromium oxide, zirconium
oxide, hafnium oxide, tantalum oxide, and silver oxide,

5. A light emitting element comprising a layer containing a
light emitting material between a pair of electrodes, wherein
the layer containing the light emitting material has a layer
containing the composite material according to claim 1.

6. A light emitting element according to claim 5, wherein
the layer containing the composite material is provided so as
to be in contact with an electrode functioning an anode of the
pair of electrodes.

7. A light emitting device comprising the light emitting
element according to claim 5, and a control means to control
light emission of the light emitting element.

8. An electric appliance comprising a display portion,
wherein the display portion is provided with the light emitting
element according to claim 5 and the control means to control
light emission of the light emitting element.

9. A light emitting device comprising the light emitting
element according to claim 1, and a control means to control
light emission of the light emitting element.

10. An electric appliance comprising a display portion,
wherein the display portion is provided with the light emitting
element according to claim 1 and the control means to control
light emission of the light emitting element.

11. A composite material comprising;

a carbazole derivative represented by General Formula (5);

and
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an inorganic compound which exhibits an electron accept-
ing property to the carbazole derivative represented by
General Formula (5),

®)

RZZ R23

wherein R*' represents any one of hydrogen, an alkyl
group having 1 to 6 carbon atoms, an aryl group having
6 to 25 carbon atoms, a heteroaryl group having 5 to 9
carbon atoms, an arylalkyl group, and an acyl group
having 1 to 7 carbon atoms; each of R** and R*? repre-
sents a substituent represented by General Formula (6),

©

wherein R** represents any one of hydrogen, an alkyl
group having 1 to 6 carbon atoms; an aryl group having
6 to 25 carbon atoms, a heteroaryl group having 5 to 9
carbon atoms, an arylalkyl group, and an acyl group
having 1 to 7 carbon atoms; Ar*' represents one of an
aryl group having 6 to 25 carbon atoms and a heteroaryl
group having 5 to 9 carbon atoms; and R* represents
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any one of hydrogen, an alkyl group having 1 to 6 carbon
atoms, and an aryl group having 6 to 12 carbon atoms.

12. A composite material according to claim 11, wherein
R? is any one of hydrogen, tert-butyl, phenyl, and biphenyl.

13. A composite material according to claim 11, wherein
R**is phenyl.

14. A composite material according to claim 11, wherein
R* is phenyl.

15. A composite material according to claim 11, wherein
the inorganic compound is oxide of transition metal.

16. A composite material according to claim 11, wherein
the inorganic compound is any one or more of titanium oxide,
vanadium oxide, molybdenum oxide, tungsten oxide, rhe-
nium oxide, ruthenium oxide, chromium oxide, zirconium
oxide, hafnium oxide, tantalum oxide, and silver oxide.

17. A light emitting element comprising a layer containing
alight emitting material between a pair of electrodes, wherein
the layer containing the light emitting material has a layer
containing the composite material according to claim 11.

18. A light emitting element according to claim 17,
wherein the layer containing the composite material is pro-
vided so as to be in contact with an electrode functioning an
anode of the pair of electrodes.

19. A light emitting device comprising the light emitting
element according to claim 17, and a control means to control
light emission of the light emitting element.

20. An electric appliance comprising a display portion,
wherein the display portion is provided with the light emitting
element according to claim 17 and the control means to con-
trol light emission of the light emitting element.

21. A light emitting device comprising the light emitting
element according to claim 11, and a control means to control
light emission of the light emitting element.

22. An electric appliance comprising a display portion,
wherein the display portion is provided with the light emitting
element according to claim 11 and the control means to con-
trol light emission of the light emitting element.
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