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(57) Abstract: An object of the present invention is to provide a light-emitting element with high luminous efficiency, and a light-
emitting element of low-voltage driving. Another object of the present invention is to provide a light-emitting device with low
power consumption by using the light-emitting element. Another object of the present invention is to provide an electronic appliance
@ with low power consumption by using the light-emitting device in a display portion. A light-emitting element includes, between
@) a pair of electrodes, a layer containing a composite material of a first organic compound and an inorganic compound and a layer
containing a second organic compound being in contact with the layer containing the composite material, wherein the second organic
compound does not have a peak of an absorption spectrum in a wavelength region of 450 to 800 nm if the second organic compound

is compounded with the inorganic compound.
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DESCRIPTION

LIGHT-EMITTING ELEMENT, LIGHT-EMITTING DEVICE, AND
ELECTRONIC APPLIANCE

TECHNICAL FIELD
[0001]

The present invention relates to a light-emitting element of a curreﬁt excitation
type. Moreover, the present invention relates to a light-emitting device and an

electronic appliance which have the light-emitting elements.

BACKGROUND ART
[0002]

In recent years, research and development have been extensively carried out on
a light-emitting element which uses an organic compound having a light-emitting
property. In a basic structure of such a light-emitting element, a layer which contains
an organic compound having a light-emitting property is sandwiched between a pair of
electrodes. By applying voltage to this element, electrons and holes are injected from
the pair of electrodes respectively into the layer containing an organic compound having
a light-emitting property; thus, current flows. Then, by recombination of those carries
(electrons and holes), the organic compound having a light-emitting property forms an
excited state and emits light when the excitgd state returns to a ground state. Because
of such a mechanism, this light-emitting element is called a light-emitting element of a
current excitation type.

[0003]

The excited state of the organic compound includes a singlet-excited state and a
triplet-excited state, and light emission from a singlet-excited state is called
fluorescence and light emission from a triplet-excited state is called phosphorescence.
[0004]

Such a light-emitting element can be manufactured generally by using an
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organic thin film with a thickness of about 0.1 pm; therefore, the light-emitting element
has advantages of thinness and lightness in weight. Moreover, since it takes about 1 ps
or shorter from carrier injection until light emission, very high-speed response is also
one of its advantages. Because of these advantages, the light-emitting element is
considered to be preferable as a flat-panel display element.

[0005]

Since the light-emitting element is formed into a film shape, surface light
emission can be easily obtained by forming a large-sized element. This is a feature
which is difficult to be obtained in point light sources typified by an incandescent lamp
and an LED or line light sources typified by a fluorescent lamp. Accordingly, the
light-emitting element is also effectively used as a surface light source applicable to
illumination and the like.

[0006]

In display devices to be incorporated into various information processing
appliances which have rapidly developed recently, there is a demand particularly for
lower power consumption, and decrease in drive voltage for light-emitting elements has
been attempted in order to fulfill this demand.

[0007]

For example, according to Reference 1 (Japanese Patent Application
Laid-Open No. 2005-123095), an effect of decreasing drive voltage is obtained by using
a layer in which vanadium oxide and o-NPD are co-evaporated.

[0008] '

However, the layer in which vanadium oxide and o-NPD are co-evaporated has -
a peak of an absorption spectrum in 400 to 800 nm, which is a visible region. In
particular, the layer has a high peak of absorption in about 150 to 500 nm, which is a
blue region. Therefore, light emitted from a light-emitting substance is absorbed in the
layer in which vanadium oxide and a-NPD are co-evaporated, which leads to a problem

in that external extraction efficiency of light emission is lowered.
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DISCLOSURE OF INVENTION
[0009]

In view of the above problem, it is an object of the present invention to provide
a light-emitting element having high luminous efficiency. Moreover, it is an object of
the present invention to provide a light-emitting element with low drive voltage. In
addition, it is an object of the present invention to provide a light-emitting device with
low power consumption by manufacturing the light-emitting device using the
light-emitting element. Furthermore, it is an object of the present invention to provide
an electronic appliance with low power consumption by using the light-emitting device
in a display portion.

[0010] |

As a result of concerted study, the present inventors have found that the objects
can be achieved by applying a composite material of an organic compound and an
inorganic compound.

[0011]

A light-emitting element according to the present invention includes a layer
containing a composite material of a first organic compound and an inorganic
compound; and a layer containing a second organic compound, which is provided so as
to be in contact with the layer containing the composite material, wherein the layer
containing the composite material and the layer containing the second organic
compound are provided between a pair of electrodes, and wherein the second organic
compound does not have a peak of an absorption spectrum in a wavelength region of
450 to 800 nm if the second organic compound is compounded with an inorganic
compound.

[0012]

A light-emitting element according to the present invention includes a layer
containing a composite material of a first organic compound and an inorganic
compound; a layer containing a second organic compound, which is provided so as to
be in contact with the layer containing the composite material; and a light-emitting layer

containing a light-emitting substance, wherein the layer containing the composite
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material, the layer containing the second organic compound, and the light-emitting layer
are provided between a first. electrode and a second electrode, wherein the second
organic compound does not have a peak of an absorption spectrum in a wavelength
region of 450 to 800 nm if the second organic compound is compounded with the
inorganic compound, and wherein the light-emitting substance emits light when voltage
is applied so that the first electrode has a higher potential than the second electrode.
[0013]

A light-emitting element according to the present invention includes a layer
containing a composite material of a first organic compound and an inorganic
compound; a layer containing a second organic compound, which is provided so as to
be in contact with the layer containing the composite material; and a light-emitting layer
containing a light-emitting substance, wherein the layer containing the composite
material, the layer containing the second organic compound, and the light-emitting layer
are provided between a first electrode and a second electrode, wherein the layer
containing the composite material is provided so as to be in contact with the first
electrode, wherein the second organic compound does not have a peak of an absorption
spectrum in a wavelength region of 450 to 800 nm if the second organic compound is
compounded with the inorganic compound, and wherein the light-emitting substance
emits light when voltage is applied so that the first electrode has a higher potential than
the second electrode.

[0014]

A light-emitting element according to the present invention includes a
multilayer body in which a layer containing a composite material of a first organic
compound and an inorganic compound and a layer containing a second organic
compound, which is provided so as to be in contact with the layer containing the
composite material are stacked, wherein the multilayer body is provided between a pair
of electrodes, and wherein the multilayer body does not have a peak of an absorption
spectrum in a wavelength region of 450 to 800 nm.

[0015]

A light-emitting element according to the present invention includes a



10

15

20

25

30

WO 2007/013478 PCT/JP2006/314710

multilayer body in which a layer containing a composite material of a first organic
compound and an inorganic. compound and a layer containing a second organic
compound, which is provided so as to be in contact. with the layer containing the
composite material are stacked, wherein the multilayer body is provided between a pair
of electrodes, wherein the composite material has a transmittance of 80% or higher in a
wavelength region of 450 to 800 nm when the composite material has a thickness of 100
nm, and wherein a composite material of the second organic compound and the
inorganic compound has a transmittance of 80% or higher in a wavelength region of 450
to 800 nm when the composite material of the second organic compound and the
inorganic compound has a thickness of 100 nm. |

[0016]

A light-emitting element according to the present invention includes a
multilayer body in which a layer containing a composite material of a first organic
compound and an inorganic compound Aand a layer containing a second organic
compound, which is provided so as to be in contact with the layer containing the
composite material are stacked, wherein the multilayer body is provided between a pair
of electrodes, wherein the composite material has an absorbance that satisfies the
formula (1) in a wavelength region of 450 to 800 nm, and wherein a composite material
of the second organic compound and the inorganic compound has an absorbance that
satisfies the formula (1) in a wavelength region of 450 to 800 nm.

A=97x10"%xl - - - (1)
A : absorbance

[ : thickness (nm)

[0017]

A light-emitting element according to the present invention includes a layer
containing a composite material of a first organic compound and an inorganic
compound; a layer containing a second organic compound, which is provided so as to
be in contact with the layer containing the composite material; and a light-emitting layer

containing a light-emitting substance, wherein the layer containing the composite
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material, the layer containing the second organic compound, and the light-emitting layer
are provided between a first electrode and a second electrode, wherein a multilayer body
in which the layer containing the composite material and the layer containing the second
organic compound are stacked does not have a peak of an absorption spectrum in a
wavelength region of 450 to 800 nm, and wherein the light-emitting substance emits
light when voltage is applied so that the first electrode has a higher potential than the
second electrode.

[0018]

A light-emitting element according to the present invention includes a layer
containing a composite material of a first organic compound and an inorganic
compound; a layer containing a second organic compound, which is provided so as to
be in contact with the layer containing the composite material; and a light-emitting layer
containing a light-emitting substance; wherein the layer containing the composite
material, the layer containing the second organic compound, and the light-emitting layer
are provided between a first electrode and a second electrode, wherein the combosite
material has a transmittance of 80% or higher in a wavelength region of 450 to 800 nm
when the composite material has a thickness of 100 nm, wherein a composite material
of the second organic compound and the inorganic compound has a transmittance of
80% or higher in a wavelength region of 450 to 800 nm when the composite material of
the second organic compound and the inorganic compound has a thickness of 100 nm,
and wherein the light-emitting substance emits light when voltage is applied so that the
first electrode has a higher potential than the second electrode.

[0019]

A light-emitting element according to the present invention includes a layer
containing a composite material of a first organic compound and an inorganic
compound; a layer containing a second organic compound, which is provided so as to
be in contact with the layer containing the composite material; and a light-emitting layer
containing a light-emitting substance; wherein the layer containing the composite
material, the layer containing the second organic compound, and the light-emitting layer

are provided between a first electrode and a second electrode, wherein the layer
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containing the composite material is provided so as to be in contact with the first
electrode, wherein a multilayer body in which the layer containing the composite
material and the layer containing the second organic compound are stacked does not
have a peak of an absorption spectrum in a wavelength region of 450 to 800 nm, and
wherein the light-emitting substance emits light when voltage is applied so that the first
electrode has a higher potential than the second electrode.

[0020]

A light-emitting element according to the present invention includes a layer
containing a composite material of a first organic compound and an inorganic
compound; a layer containing a second organic compound, which is provided so as to
be in contact with the layer containing the composite material; and a light-emitting layer
containing a light-emitting substance; wherein the layer containing the composite
material, the layer containing the second organic compound, and the light-emitting layer
are provided between a first electrode and a second electrode, wherein the layer
containing the composite material is prov&ded so as to be in contact with the first
electrode, wherein the composite material has a transmittance of 80% or higher in a
wavelength region of 450 to 800 nm when the composite material has a thickness of 100
nm, wherein a composite material of the second organic compound and the inorganic
compound has a transmittance of 80% or higher in a wavelength region of 450 to 800
nm when the composite material of the second organic compound and the inorganic
compound has a thickness of 100 nm, and wherein the light-emitting substance emits
light when voltage is applied so that the first electrode has a higher potential than the
second electrode.

[0021]

A light-emitting element according to the present invention includes a layer
containing a composite material of a first organic compound and an inorganic
compound; a layer containing a second organic compound, which is provided so as to
be in contact with the layer containing the composite material; and a light-emitting layer
containing a light-emitting substance, wherein the layer containing the composite

material, the layer containing the second organic compound, and the light-emitting layer
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are provided between a first electrode and a second electrode, wherein the layer
containing the composite material is provided so as to be in contact with the first
electrode, wherein the composite material has an absorbance that satisfies the formula
(1) in a wavelength region of 450 to 800 nm, wherein a composite material of the
second organic compound and the inorganic compound has an absorbance that satisfies .
the formula (1) in a wavelength region of 450 to 800 nm, and wherein the light-emitting
substance emits light when voltage is applied so that the first electrode has a higher
potential than the second electrode.
A=97x10"xl - - - (1)
A : absorbance

! : thickness (nm)

[0022]

In the above structure, the first organic compound is preferably aromatic
hydrocarbon. In particular, the first orgaﬁic compound is preferably an anthracene
derivative.

[0023]

A light-emitting element according to the present invention includes a
multilayer body in which a layer containing a composite material of a first organic
compound and an inorganic compound and a layer containing a second organic
compound, which is provided so as to be in contact with the layer containing the
composite material are stacked, wherein the multilayer body is provided between a pair
of electrodes, and wherein the first organic compound is aromatic hydrocarbon.

[0024]

A light-emitting element according to the present invention includes a
multilayer body in which a layer containing a composite material of a first organic
compound and an inorganic compound and a layer containing a second organic
compound, which is provided so as to be in contact with the layer containing the
composite material are stacked, wherein the multilayer body is provided between a pair

of electrodes, and wherein the first organic compound is an anthracene derivative.
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[0025]

In the above structure, the second organic compound preferably has a higher
ionization potential than the first organic compound by 0.5 eV or lower, more preferably
0.3 eV or lower, and much more preferably 0.1 eV or lower. In other words, the
following formula is preferably satisfied vs;here Ip (1) is the ionization potential of the
first organic compound and Ip (2) is the iqnization potential of the second organic

compound.

Ip(2)=1Ip(1)+0.5¢V

It is more preferable that the following formula be satisfied.

Ip(2)=Ip(1)+0.3eV

It is much more preferable that the following formula be satisfied.

Ip(2)=Ip(1)+0.1eV

[0026]

In the above structure, the4 second organic compound is preferably aromatic
hydrocarbon or a carbazole derivative. In particular, the second organic compound is
preferably an anthracene derivative.

[0027]

In the above structure, the layer containing the second organic compound
preferably has a thickness of 1 to 20 nm.
[0028]

In the above structure, the inorganic compound preferably has an
electron-accepting property with respect to the first organic compound.
[0029]

Moreover, the inorganic compound is preferably an oxide of a transition metal.
In particular, the inorganic compound is preferably an oxide of a metal belonging to any
of Group 4 to Group 8 in the periodic table. It is more preferable that the inorganic

compound be any of vanadium oxide, niobium oxide, tantalum oxide, chromium oxide,
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molybdenum oxide, tungsten oxide, manganese oxide, and thenium oxide.
[0030]

A light-emitting element according to the present invention includes a layer
containing a composite material of an organic compound and an inorganic compound;
and a layer containing the organic compound, which is provided so as to be in contact
with the layer containing the composite material, wherein the layer containing the
composite material and the layer containing the orgamic compound are provided
between a pair of electrodes, and wherein the composite material does not have a peak
of an absorption spectrum in a wavelength region of 450 to 800 nm.

[0031]

A light-emitting element according to the present invention includes a layer
containing a composite material of an organic compound and an inorganic compound;
and a layer containing the organic compound, which is provided so as to be in contact
with the layer containing the composite material, wherein the layer containing the
composite material and the layer contaiﬁing the organic compound are provided
between a pair of electrodes, and wherein the composite material has a transmittance of
80% or higher in a wavelength region of 450 to 800 nm when the composite material
has a thickness of 100 nm.

[0032]

A light-emitting element according to the present invention includes a layer
containing a composite material of an organic compound and an inorganic compound;
and a layer containing the organic compound, which is provided so as to be in contact
with the layer containing the composite material, wherein the layer containing the
composite material and the layer containing the organic compound are provided
between a pair of electrodes, and wherein the composite material has an absorbance that
satisfies the formula (1) in a wavelength region of 450 to 800 nm.

A=9.7x10%*xl - - - (1)
A : absorbance

[ : thickness (nm)
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[0033]

A light-emitting element according to the present invention includes a layer
containing a composite material of an organic compound and an inorganic compound; a
layer containing the organic compound, which is provided so as to be in contact with the
layer containing the composite material; and a light-emitting layer containing a
light-emitting substance; wherein the layer containing the composite material, the layer
containing the organic compound, and the light-emitting layer are provided between a
first electrode and a second electrode, wherein the composite material does not have a
peak of an absorption spectrum in a wavelength region of 450 to 800 nm, and wherein
the light-emitting substance emits light when voltage is applied so that the first
electrode has a higher potential than the second electrode.

[0034]

A light-emitting element according to the present invention includes a layer
containing a composite material of an organic compound and an inorganic compound; a
layer containing the organic compound, Whiéh is provided so as to be in contact with the
layer containing the composite material; and a light-emitting layer containing a
light-emitting substance; wherein the layer containing the composite material, the layer
containing the organic compound, and the light-emitting layer are provided between a
first electrode and a second electrode, wherein the composite material has a
transmittance of 80% or higher in a wavelength region of 450 to 800 nm when the
composite material has a thickness of 100 nm, and wherein the light-emitting substance
emits light when voltage is applied so that the first electrode has a higher potential than
the second electrode.

[0035]

A light-emitting element according to the present invention includes a layer
containing a composite material of an organic compound and an inorganic compound; a
layer containing the organic compound, which is provided so as to be in contact with the
layer containing the composite material; and a light-emitting layer containing a
light-emitting substance; wherein the layer containing the composite material, the layer

containing the organic compound, and the light-emitting layer are provided between a
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first electrode and a second electrode, wherein the composite material does not have a
peak of an absorption spectrum in a wavelength region of 450 to 800 nm, and wherein
the light-emitting substance emits light when voltage is applied so that the first
electrode has a higher potential than the second electrode.

[0036]

A light-emitting element according to the present invention includes a layer
containing a composite material of an organic compound and an inorganic compound; a
layer containing the organic compound, which is provided so as to be in contact with the
layer containing the composite material; and a light-emitting layer containing a
light-emitting substance, wherein the layer containing the composite material, the layer
containing the organic compound, and the light-emitting layer are provided between a
first electrode and a second electrode, wherein the layer containing the composite
material is provided so as to be in contact with the first electrode, wherein the
composite material has a transmittance of 80% or higher in a wavelength region of 450
to 800 nm when the composite material ﬁas a thickness of 100 nm, and wherein the
light-emitting substance emits light when voltage is applied so that the first electrode
has a higher potential than the second electrode.

[0037] "

A light-emitting element according to the present invention includes a layer
containing a composite material of an organic compound and an inorganic compound; a
layer containing the organic compound, which is provided so as to be in contact with the
layer containing the composite material; and-a light-emitting layer containing a
light-emitting substance, wherein the layer containing the composite material, the layer
containing the organic compound, and the light-emitting layer are provided between a
first electrode and a second electrode, wherein the layer containing the composite
material is provided so as to be in contact with the first electrode, wherein the
composite material has an absorbance that satisfies the formula (1) in a wavelength
region of 450 to 800 nm, and wherein the light-emitting substance emits light when
voltage is applied so that the first electrode has a higher potential than the second

electrode.
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A=97x10"xl - -+ (1)
A : absorbance

[ : thickness (am)

[0038]

In the above structure, the organic ‘compound is preferably aromatic
hydrocarbon. In particular, the organic compound is preferably an anthracene
derivative.

[0039]

A light-emitting element according to the present invention includes a layer
containing a composite material of an organic compound and an inorganic compound;
and a layer containing the organic compound, which is provided so as to be in contact
with the layer containing the composite material, wherein the layer containing the
composite material and the layer containing the organic compound are provided
between a pair of electrodes, and wherein the organic compound is aromatic
hydrocarbon.

[0040]

A light-emitting element according to the present invention includes a layer
containing a composite material of an organic compound and an inorganic compound;
and a layer containing the organic compound, which is provided so as to be in contact
with the layer containing the composite material, wherein the layer containing the
composite material and the layer containing the organic compound are provided
between a pair of electrodes, and wherein the organic compound is an anthracene
derivative.

[0041]

In the above structure, the layer containing the organic compound preferably

has a thickness of 1 to 20 nm.
[0042]
In the above structure, the inorganic compound preferably has an

electron-accepting property with respect to the first organic compound.
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[0043]

Moreover, the inorganic compound is preferably an oxide of a transition metal.
In particular, the inorganic compound is preferably an oxide of a metal belonging to any
of Group 4 to Group 8 in the periodic table. It is more preferable that the inorganic
compound be any of vanadium oxide, niobium oxide, tantalum oxide, chromium oxide,
molybdenum oxide, tungsten oxide, manganese oxide, and rhenium oxide.

[0044]

It is to be noted that the present invention includes in its category a
light-emitting device having any of the aforementioned light-emitting elements. The
light-emitting device in this specification includes an image display device, a
light-emitting device, and a light source (including an illumination device). Further,
the light-emitting device includes a module in which a connector such as an FPC
(Flexible Printed Circuit), a TAB (Tape Automated Bonding) tape, or a TCP (Tape
Carrier Package) is attached to a panel where the light-emitting element is formed, a
module in which a print wiring board is provided at an end of a TAB tape or an TCP,
and a module in which an IC .(Integratcd Circuit) is* directly mounted on the
light-emitting element by a COG (Chip On Glass) method.

[0045]

An electronic appliance using the light-emitting element of the present
invention in its display portion is also included in the category of the present invention.
Therefore, the electronic appliance of the present invention is equipped with the
aforementioned light-emitting element and‘a controller for controlling light emission of
the light-emitting element in its display portion.

[0046] ’

By applying the present invention, a light-emitting element having high

luminous efficiency can be obtained.
[0047]
Moreover, by applying the present invention, a light-emitting element driven at

low voltage can be obtained.
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[0048]

By applying the present invention, a light-emitting device with low power
consumption can be obtained.
[0049]

By applying the present inventioﬁ, an electronic appliance with low power

consumption can be obtained.

BRIEF DESCRIPTION OF DRAWINGS
[0050]

In the accompanying drawings:

FIGS. 1A to 1C describe light-emitting elements of the present invention;

FIG. 2 describes a light-emitting element of the present invention;

FIG. 3 describes a light-emitting element of the present invention; .

FIG. 4 shows transmittance of a composite material;

FIG. 5 shows transmittance of a coniposite material;

FIG. 6 shows a current-voltage characteristic of a light-emitting element;

FIG. 7 shows a luminance-vdltage characteristic of a light-emitting element;

FIG. 8 shows a current efficiency-luminance characteristic of a light-emitting
element;

FIG. 9 shows a current-voltage characteristic of a light-emitting element;

FIG. 10 shows a luminance-voltage characteristic of a light-emitting element;

FIG. 11 shows a current efficiency-luminance characteristic of a light-emitting
clement; |

FIG. 12 shows a current—voltagé characteristic of a light-emitting element;

FIG. 13 shows a luminance-voltage characteristic of a light-emitting element;

FIG. 14 shows a current efficiency-luminance characteristic of a light-emitting
element;

FIG. 15 shows a current-voltage characteristic of a light-emitting element;

FIG. 16 shows a luminance-voltage characteristic of a light-emitting element;

FIG. 17 shows a current efficiency-luminance characteristic of a light-emitting
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element;

FIG. 18 shows a current-voltage characteristic of a light-emitting element;

FIG. 19 shows a luminance-voltage characteristic of a light-emitting element;

FIG. 20 shows a cuﬁent efficiency-luminance characteristic of a light-emitting
element; .

FIG. 21 shows a current-voltage‘characteristic of a light-emitting element;

FIG. 22 shows a lumiﬁance-voltage characteristic of a light-emitting element;

FIG. 23 shows a current efficiency-luminance characteristic of a light-emitting
element;

FIG. 24 shows a current-voltage characteristic of a light-emitting element;

FIG. 25 shows a luminance-voltage characteristic of a light-emitting element;

FIG. 26 shows a current efficiency-luminance characteristic of a light-emitting
element;

FIG. 27 shows a current-voltage characteristic of a light-emitting element;

FIG. 28 shows a luminance-voltage characteristic of a light-emitting element;

FIG. 29 shows a current efficiency-luminance characteristic of a light-emitting
element;

FIG. 30 shows a current-voltage characteristic of a light-emitting element;

FIG. 31 shows a luminance-voltage characteristic of a light-emitting element;

FIG. 32 shows a current efficiency-luminance characteristic of a light-emitting
element;

FIGS. 33A and 33B describe a light-emitting device of the present invention;

FIG. 34 describes a light-emitting device of the present invention;

FIGS. 35A to 35D describe electronic appliances of the present invention;

FIG. 36 describes an electronic appliance of the present invention;

FIG. 37 shows an absorption spectrum of a composite material;

FIG. 38 shows an absorption spectrum of a composite material;

FIG. 39 shows a current-voltage characteristic of a light-emitting element;

FIG. 40 shows a luminance-voltage characteristic of a light-emitting element;

and
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FIG. 41 shows a current efficiency-luminance characteristic of a light-emitting

element.

BEST MODE FOR CARRYING OUT THE INVENTION
[0051]

Embodin;ent modes and embodiments of the present invention will be
hereinafter described with reference to the accompanying drawings. However, the
present invention is not restricted to the following description and it is easily understood
by those skilled in the art that the mode and detail can be variously changed without
departing from the scope and spirit of the present invention. Therefore, the present
invention is not construed as being restricted to the description of the embodiment
modes and embodiments hereinafter shown.

[0052]
[Embodiment Mode 1]

This embodiment mode will describe a composite material which is used for a
light-emitting element of the present invention. In this specification, being composite
means not only a simple mixture of two materials but also a change into such a state that
charges are transported between two materials through a mixture of the materials at a
molecular level.

[0053]

The composite material used in the present invention is a composite material of
a first organic compound and an inorganic compound. As the first organic compound
for the composite material, various compouhds such as an aromatic amine compound, a
carbazole derivative, aromatic hydrocarbon, and a high-molecular compound (such as
oligomer, dendrimer, or polymer) can be used. The first organic compound used for
the composite material is preferably an organic compound having a high
hole-transporting property. Specifically, a substance having a hole mobility of 10°
cm?/Vs or higher is preferably used. However, other substances than those may also
be used as long as the substances have higher hole-transporting properties than

electron-transporting properties. The first organic compound which can be used for
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the composite material is specifically shown below.
[0054]

For example, the followings can be given as the aromatic amine compound:
N,N'-di(p-tolyl)-N,N‘—diphenyl—p-phenylenediamipe (abbreviation: ~ DTDPPA);
4,4'-bis[N-(4-diphenylaminophenyl)-N-pheﬁylamino]biphenyl (abbreviation: DPAB);
4,4'-bis(N-{4-[N-(3-methylphenyl)-N-phenylamino]phenyl} -N-phenylamino)biphenyl
(abbreviation: DNTPD); 1,3,5;tris[N—(4-diphenylaminophenyl)-N-phenylamino]benzene
(abbreviation: DPA3B); and the like.

[0055]

As the carbazole derivative which can be used for the composite material, the
followings can be A given specifically:
3-[N-(9-phenylcarbazole-3-yl)-N-phenylamino]-9-phenylcarbazole (abbreviation:
PCzPCA1l); 3,6-bis[N-(9-phenylcarbazole-3-yl)-N-phenylamino]-9-phenylcarbazole
(abbreviation: PCzPCA2);
3-[N-(l-naphtyl)-N-(9-phenylcarbazole-3-yl)émino]-9-phenylcarbazole (abbreviation:
PCzPCN1); and the like.

[0056]

Moreover, 4,4'-di(N-carbazolyl)biphenyl (abbreviation: CBP);
1,3,5-tris[4-(N-carbazolyl)phenyl]benzene (abbreviation: TCPB);
9-[4-(N-carbazolyl)]phenyl-10-phenylanthracene (abbreviation: CzPA);

2,3,5,6-triphenyl-1,4-bis[4-(N-carbazolyl)phenyl]benzene; or the like can also be used.
[0057]
As the aromatic hydrocarbon which can be used for the composite material, the

followings can be given for example: an anthracene derivative such as

9,10-di(naphthalene-2-yl)-2-tert-butylanthracene (abbreviation: " t-BuDNA);
9,10-di(naphthalene-1-yl)-2-tert-butylanthracene;

9,10-bis(3,5-diphenylphenyl)anthracene (abbreviation: DPPA);
9,10-di(4-phenylphenyl)-2-tert-butylanthracene (abbreviation: t-BuDBA);

9,10-di(naphthalene-2-yl)anthracene (abbreviation: DNA); 9,10-diphenylanthracene
(abbreviation: ~ DPAnth);  2-tert-butylanthracene  (abbreviation:  t-BuAnth);
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9,10-di(4-methylnaphthalene-1-yl)anthracene (abbreviation: ‘DMNA);
2-tert-butyl-9,10-bis[2-(naphthalene-1-yl)phenyl]anthracene;
9,10-bis[2-(naphthalene-1-yl)phenyl]anthracene; A
2,3,6,7—tetramethy1—9,lO-di(naphthalene-1-y1)anthracene;
2,3,6,7-tetramethy1—9,10-di(naphthalene-2-yl)anthracene; 9,9'-bianthryl;
10,10'-diphenyl-9,9'-bianthryl; 10,10'-di(2-phenylphenyl)-9,9'-bianthryl;
10,10'-bis[(2,3,4,5,6-pentapheﬁy1)phenyl]—9,9'—bianthry1; anthracene, and the like;
tetracene; rubrene; perylene; 2,5,8,11-tetra(tert-butyl)perylene; and the like. Beside
those, peﬁtacene, coronene, or the like can also be used. In this way, the aromatic
hydrocarbon which has a hole mobility of 1 x 108 cm?/Vs or higher and which has 14 to
42 carbon atoms is particularly preferable.

[0058]

The aromatic hydrocarbon which can be used for the composite material may
have a vinyl skeleton. As the aromatic hydrocarbon having a vinyl group, the
followings are given for example: 4,4'-bis(2,2-diphenylvinyl)biphenyl (abbreviation:
DPVBi); 9,10-bis[4-(2,2-diphenylvinyl)phenyl]anthracene (abbreviation: DPVPA); and
the like. |
[0059]

Moreover, a high molecular compound such as poly(N-vinylcarbazole)
(abbreviation: PVK) or poly(4-vinyltriphenylamine) (abbreviaﬁon: PVTPA) can also be
used.

[0060]

As the inorganic compound used for the composite material, an oxide of a
transition metal is preferable. Moreover, an oxide of a metal belonging to any of
Group 4 to Group 8 in the periodic table is preferable. Specifically, vanadium oxide,
niobium oxide, tantalum oxide, chromium oxide, molybdenum oxide, tungsten oxide,
manganese oxide, and rhenium oxide are preferable because of their high
electron-accepting properties. Above all, molybdénum oxide is particularly preferable

because it is stable in the air, easily treated, and has a low moisture-absorption property.
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[0061]

A method for manufacturing a layer containing the composite material may be
either a wet method or a dry method, and any method may be used. For example, the
layer containing the composite material can be manufactured by co-evaporating the
aforementioned organic compound and iﬁorganic compound. Moreover, the layer
containing the composite material can also be obtained in such a way that a solution
containing the aforementioned organic compound and a metal alkoxide is applied and
baked. Since molybdenum oxide is easily evaporated in vacuum, molybdenum oxide
is also préferable from the aspect of a manufacturing process.

[0062]

The composite material used in the present invention does not have an
absorption peak in a wavelength region of 450 to 800 nm. Moreover, the composite
material has a transmittance of 80% or higher in a wavelength region of 450 to 800 nm
when the film thickness is 100 nm. Therefore, light emission from a light-emitting
region can be effectively extracted to the outside.

[0063]
[Embodiment Mode 2]

This embodiment mode will describe a layer containing a second organic
compound, which is provided so as to be in contact with the composite material of the
first organic compound and the inorganic compound shown in Embodiment Mode 1.
[0064]

The second organic compound in the layer containing the second organic
compound, which is provided so as to be in contact with the layer containing the
composite material, does not have an absorption peak in a wavelength region of 450 to
800 nm, in the case where the second organic compound is compounded with the
inorganic compound in the composite material. A composite material containing the
second organic compound and the inorganic compound with the same mixture ratio as
the first organic compound and the inorganic compound of the layer containing the
composite material has a transmittance of 80% or higher in a wavelength region of 450

to 800 nm when the film thickness is 1Q0 nm.
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[0065]

As the second organic compound, various compounds such as an aromatic
amine compound, a carbazole derivative, aromatic hydrocarbon, and a high molecular
compound (such as oligomer, dendrimer, or polymer) can be used. As the second
organic compound, an organic compound havin'g a high hole-transporting property is
preferable. Specifically, a substance having a hole mobility of 10" cm?/Vs or higher is
preferable. However, other substances than those may also be used as long as the
substances have higher hole-transporting properties than electron-transporting
properties.' The second organic compound is hereinafter shown specifically.

[0066]

For example, the followings can be given as the aromatic amine compound:
N,N'-di(p-tolyl)-N,N'-diphenyl-p-phenylenediamine (abbreviation: DTDPPA);
4,4'-bis[N-(4-diphenylaminophenyl)-N-phenylamino]biphenyl (abbreviation: DPAB);
4,4'-bis(N-{4-[N-(3-methylphenyl)-N-phenylamino]phenyl }-N-phenylamino)biphenyl
(abbreviation: DNTPD); 1,3,5-tris[N-(4-diphenylaminophenyl)-N-phenylamino]benzene
(abbreviation: DPA3B); and the like.

[0067]

As the carbazole derivative, the followings can be given specifically:
3-[N-(9-phenylcarbazole-3-y1)-N-phenylamino]-9-phenylcarbazole (abbreviation:
PCzPCAl); 3,6-bis[N-(9-phenylcarbazole-3-yl)-N-phenylamino]-9-phenylcarbazole
(abbreviation: PCzPCA2);
3-[N-(l-naphtyl)-N—(9-phenylcarbazole-3—y1)amfno]-9-phenylcarbazole (abbreviation:
PCzPCN1); and the like. '

[0068]

Moreover, 4,4'-di(N-carbazolyl)biphenyl (abbreviation: CBP),
1,3,5-tris[4-(N-carbazolyl)phenyl]benzene (abbreviation: TCPB);
9-[4-(N-carbazolyl)]phenyl-10-phenylanthracene (abbreviation: CzPA);

2,3,5,6-triphenyl-1,4-bis[4-(N-carbazolyl)phenyl]benzene; or the like can also be used.
[0069]

As the aromatic hydrocarbon, the followings can be given for example: an
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anthracene derivative ~such as 9,10-di(naphthalene-2-yl)-2-tert-butylanthracene

(abbreviation: t-BuDNA); 9,10-di(naphthalene-1-yl)-2-tert-butylanthracene;
9,10-bis(3,5-diphenylphenyl)anthracene (abbreviation: DPPA);
9,10-di(4-phenylphenyl)-2-tert-butylanthracene (abbreviation: " t-BuDBA);

9,10-di(naphthalene-2-yl)anthracene (abbfcviation: DNA); 9,10-diphenylanthracene
(abbreviation: =~ DPAnth);  2-fert-butylanthracene  (abbreviation:  t-BuAnth);
9,10-di(4-methy1naphthalene—1—yl)anthracene (abbreviation: DMNA);
2-tert-butyl-9,10-bis[2-(naphthalene-1-yl)phenyl}anthracene;
9,10-bis[2-(naphthalene-1-yl)phenyl]anthracene;
2,3,6,7-tetramethyl-9,10-di(naphthalene-1-yl)anthracene;
2,3,6,7-tetramethyl-9,10-di(naphthalene-2-yl)anthracene; 9,9'-bianthryl;
10,10'-diphenyl-9,9'-bianthryl; 10,10'-di(2-phenylphenyl)-9,9'-bianthryl;
10,10"-bis[(2,3,4,5,6-pentaphenyl)phenyl]-9,9'-bianthryl; anthracene; and the like,
tetracene; rubrene; perylene; 2,5,8,11-tetra(tert-butyl)perylene; and the like. Beside
those, pentacene, coronene, or the like can also be used. In this way, aromatic
hydrocarbon which has a hole mobility of 1 x 10°® cm?/Vs or higher and which has 14 to
42 carbon atoms is particularly prefeiable.
[0070] |

The aromatic hydrocarbon may have a vinyl skeleton. As the aromatic
hydrocarbon having a vinyl group, the followings are given for example:
4,4'-bis(2,2-diphenylvinyl)biphenyl (abbreviation: DPVBI);
9,10-bis[4-(2,2-diphenylvinyl)phenyl]anthracene (abbreviation: DPVPA); and the like.
[0071] |

Moreover, a high molecular compound such as poly(N-vinylcarbazole)
(abbreviation: PVK) or poly(4-vinyltriphenylamine) (abbreviation: PVTPA) can also be
used.
[0072]

The layer containing the second organic compound does not have a peak of an
absorption spectrum in a wavelength region of 450 to 800 nm, if the second organic

compound is compounded with the inorganic compound contained in the composite
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material. Moreover, if the second organic compound is compounded -with the
inorganic compound with the same mixture ratio as the first organic compound and the
inorganic compound in the layer containing the composite material, the transmittance is
80% or higher in a wavelength region of 450 to 800 nm when the film thickness is 100
nm. Therefore, even if the second organié compound and the inorganic compound in
the layer containing the composite material exist as a composite material when the layer
containing the composite material and the layer containing the second organic
compound are in contact with each other and the inorganic compound in the layer
containing the composite material and the second organic compound are in contact with
each othér at an interface between the layer containing the composite material and the
layer containing the second organic compound, light emitted from the light-emitting
substance is not absorbed and is transmitted through the composite material efficiently.
Thus, external extraction efficiency can be improved. In other words, a light-emitting
element having high luminous efficiency can be obtained.

[0073]

[Embodiment Mode 3]

A light-emitting element of the present invention has a plurality of layers
between a pair of electrodes. The plurality of layers are stacked by combining layers
which contain a substance having a high carrier-injecting property and a substance
having a high carrier-transporting property so that a light-emitting region is formed
apart from tﬂe electrodes, i.e., so that carries are recombined at a portion away from the
electrodes.

[0074]

A mode of a light-emitting element of the present invention will be hereinafter
described with reference to FIG. 1A.
[0075]

In this embodiment mode, 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 stacked sequentially over the first electrode 102; and a second electrode 107

provided over the fourth layer 106. In this embodiment mode, the first electrode 102
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functions as an anode and the second electrode 107 functions as a cathode.
[0076] | | |

The substrate 101 is used to support the light-emitting element. The substrate
101 may be made of, for example, glass, plastic, or the like. Other materials than those
may also be used as long as the light-enﬁtting element can be supported during a
manufacturing process.

[0077]

As the first electrode 102, various metals, alloys, conductive compounds, or
mixture thereof can be used. For example, indium tin oxide (ITO), indium tin oxide
containing silicon, or indium zinc oxide (IZO) in which zinc oxide (ZnO) is mixed by 2
to 20 wt% into indium oxide can be used. In addition, 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), a nitride of a metal
material (such as TiN), or the like can be used. If the first electrode is used as an
anode, it is preferable to use, among those materials, a material having a high work
function (work function of 4.0 ¢V or higher), or the like.

[0078] |

In a light-emitting element of the present invention, the first electrode 102 can
be formed by using not only a material having a high work function but also a material
having a low work function.

[0079]

The first layer 103 contains the cbmposite material shown in Embodiment
Mode 1. That is, the first layer 103 contains the composite material of the first organic
compound and the inorganic compound.

[0080] |

The composite material in the first layer 103 does not have a peak of an
absorption spectrum in a wavelength region of 450 to 800 nm. Moreover, the
composite material in the first layer 103 has a transmittance of 80% or higher over the

entire wavelength region of 450 to 800 nm when the first layer has a film thickness of
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100 nm. Therefore, light emitted from the light-emitting substance can be transmitted
efficiently to improve external extraction efficiency. That is, a light-emitting element
with high luminous efficiency can be obtained.

[0081] .

A method for manufacturing the léyer containing the composite material may
be either a wet method or a dry method, and any method may be used. For example,
the layer containing the composite material can be nianufactured by co-evaporating the
aforementioned organic compound and inorganic compound. Moreover, the layer
containing the composite material can also be obtained in such a way that a solution
containing the aforementioned organic compound and metal alkoxide is applied and
baked. Since molybdenum oxide is easily evaporated in vacuum, molybdenum oxide
is also preferable from the aspect of a manufacturing process.

[0082]

The second layer 104 contains the second organic compound shown in
Embodiment Mode 2. In other words, the second layer 104 contains the second
organic compound which does not have a peak of an absorption spectrum in a
wavelength region of 450 to 800 nm if the second organic compound is compounded
with the inorganic compound in the composite material contained in the first layer 103.
[0083]

The second organic compound preferably has a higher ionization potential than
the first organic compound in the first layer 103 by 0.5 eV or lower, more preferably 0.3
eV or lower, and much more preferably 0.1 eV or lower, In other words, the
following formula is preferably satisfied where Ip (1) is the ionization potential of the
first organic compound and Ip (2) is the ionization potential of the second organic

compound.

Ip(2)=Ip(1)+0.5eV

It is more preferable that the following formula be satisfied.

Ip(2)=Ip(1)+0.3eV



10

15

WO 2007/013478 PCT/JP2006/314710

26

It is much more preferable that the following formula be satisfied.

p(2)=1p(1)+0.1eV

[0084]

When the ionization potentials of the second organic compound and the first
organic compound satisfy the above fofmulas, a carrier injection barrier between the
first layer 103 and the second léyer 104 is lowered; thus, drive voltage can be decreased.
Therefore, if an organic compound having a high ionization potential such as aromatic
hydrocarbon is used for the first organic compound in the first layer 103, the range of
the ionization potential of the second organic compound which can be used for the
second layer 104 can be widened, allowing the selection range of the second organic
compound to be wider. For example, aromatic hydrocarbon can be used for the first
organic compound in the first layer 103 and the second organic compdund in the second
layer 104. In this way, a light-emitting element not including an amine compound can
also be manufactured.

[0085]

Measured values of specifié ionization potentials of compounds that can be

used as the first organic compound or the second organic compound are shown in Table

1.
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[0086]
[Table 1]
Value of
Compound . ionization
. potential (eV)
9,10-bis(3,5-diphenylphenyl)anthracené (abbreviation: DPPA) : 5.83
9,10—di(naphthalene—2-yl)antﬁracene (abbreviation: DNA) 5.81
9,10-di(naphthalene-2-yl)-2-tert-butylanthracene (abbreviation:
t-BuDNA) >
9,10-di(naphthalene-1-yl)-2-tert-butylanthracene 5.78
9,10-diphenylanthracene (abbreviation: DPAnth) . 5.74
9,10-bis[2-(naphthalene-1-yl)phenyl]anthracene 5.67
2,3,6,7-tetramethyl—9,10-di(naphthalene—1-y1)anthracene 5.70
2,3,6,7-tetramethyl-9,10-di(naphthalene-2-yl)anthracene 5.54
10,10'-di(2-phenylphenyl)-9,9'-bianthryl 5.81
[0087]

In this specification, the ionizing potential is measured by photoelectron
spectroscopy in the air. For example, AC-2 manufactured by RIKEN KEIKI Co., Ltd.
is used as a device for such measurement. An object to be measured was a thin film
formed over a glass substrate by an evaporation method.

[0088] ‘

When aromatic hydrocarbon is used for the first organic compound in the first
layer 103 and the second organic compound in the second layer 104, a light-emitting
element having high heat resistance can be manufactured. In general, when a bond of
carbon and a hetero atom such as oxygen, nitrogen, or sulfur exists in a molecule,
flexibility of a molecular skeleton thereof improves; therefore a thermophysical
property such as glass transition temperature or a melting point is degraded.
Accordingly, in a similar molecular structure, aromatic hydrocarbon has a higher

thermophysical property than an aromatic amine compound. Thus, a light-emitting
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element having high heat resistance can be obtained by using aromatic hydrocarbon, as
compared with the case of using an aromatic amine compound having a similar
molecular structure.

[0089] .

In order that an amine compound. may have high glass transition temperature
and a high melting point, it is necessary to increase the molecular weight. Therefore, a
starburst amine compound and a linear oligoamine compound have been synthesized so
far; however, such compounds need a number of steps for being synthesized and it takes
long time and costs much to obtain a target material. Therefore, by using aromatic
hydrocarbon, cost required for obtaining a light-emitting element having similar heat
resistance can be reduced.

[0090]

It is preferable that the organic compounds in the first layer 103 and the second
layer 104 be formed with the same substance, i.e., the first organic compound and the
second organic compound be formed with the same substance, because a carrier
injection barrier between the first layer 103 and the second layer 104 becomes low. If
the first layer 103 and the second layer 104 are formed by an evaporation method, they
can be formed continuously; therefore, a manufacturing process can be simplified and
the productivity can be improved.

[0091]

The film thickness of the second layer 104 preferably ranges from 1 to 20 nm.
[0092]

As shown in FIG. 3, a layer 108 which contains a substance having a high
hole-transporting property may be provided between the second layer 104 and the third
layer 105. As the substance having a high hole-transporting property, for example, the
following aromatic amine compounds (i.e., compounds having a bond of a benzene ring
and nitrogen) are given: 4,4'-bis[N-(1-naphtyl)-N-phenylamino]biphenyl (abbreviation:
NPB or o-NPD); N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine
(abbreviation: TPD); 4,4',4"-tris(NV,N-diphenylamino)triphenylamine (abbreviation:
TDATA); 4,4' 4"-tris[ N-(3-methylphenyl)-N-phenylamino]triphenylamine
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(abbreviation; MTDATA); 4,4'-bis[N-phenyl-N-(spirofluorene-2-yl)|biphenyl
(abbreviation: BSPB); and the like. The substances mentioned here mainly have a
hole mobility of 10" cm®/Vs or higher. However, other substances than those may be
used as long as the substances have a higher hole-transporting property than an
electron-transporting property. Moreover,. the layer which contains a substance having
a high hole-transporting property may be a single layer or may be formed by stacking
two or more layers containing‘the above substances.
[0093]

The third layer 105 contains a substance having a high light-emitting property.
For example, a substance having a high light-emitting property and a substance having a
high carrier-transporting property and having high film quality (i.e., difficult to be
crystallized) are freely combined to form the third layer 105. The substance having a
high light-emitting property is N,N'-dimethylquinacridone (abbreviation: DMQd);
N,N'-diphenylquinacridone (abbreviation: DPQd);

3-(2-benzothiazoyl)-7-diethylaminocoumarin (abbreviation: coumarin 6); or the like.

' The substance having a high carrier-transporting property and having high film quality

is tris(8-quinolinolato)aluminum (abbreviation: Alq); 9,10-di(2—naphty1)anthracene
(abbreviation: DNA); or the like.. However, since Alq and DNA have high
light-emitting properties, the third layer 105 may be formed with any of these
substances alone.
[0094]

The fourth layer 106 contains a substance having a high electron-transporting
property; for example, the following metal complex having a quinoline skeleton or a

benzoquinoline skeleton, or the like is given: tris(8-quinolinolato)aluminum

~ (abbreviation: Alq); tris(5-methyl-8-quinolinolato)aluminum (abbreviation: Almgs);

bis(10-hydroxybenzo[h}-quinolinato)beryllium (abbreviation: BeBqy);
bis(2-metyl-8-quinolinolato)-4-phenylphenolato-aluminum (abbreviation: BAlq); or the
like. Beside those, a metal complex having an oxazole ligand or a thiazole ligand,
such as bis[2-(2—hydroxyphenyl)-benzoxazolato]zinc (abbreviation: Zn(BOX),); or
bis[2-(2-hydroxyphenyl)-benzothiazolato]zinc (abbreviation: Zn(BTZ)y); or the like can
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also be used. - In addition to the metal complex,
2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (abbreviation: PBD);
1,3-bis[5-(p-tert-butylphenyl)-1,3,4-0xadiazol-2-yl]benzene ~ (abbreviation: 0OXD-7);
3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenylyl)-1,2,4-triazole (abbreviation: TAZ);
3-(4-tert-butylphenyl)-4-(4-ethylpheny1)-5-(4-bipheny1y1)-1,2,4-triazole (abbreviation:
p-EtTAZ); bathophenanthroline (abbreviation: BPhen); bathocuproin (abbreviation:
BCP); or the like can be used. " The substances mentioned here mainly have an electron
mobility of 10°® cm?/Vs or higher. Other substances than those may also be used for
the fourth layer 106 as long as the substances have a higher electron-transporting
property than a hole-transporting property. The fourth layer 106 may be a single layer
or may be formed by stacking two or more layers containing the above substances.
[0095]

The second electrode 107 can be formed with a metal, alloy, conductive
compound, mixture of these, or the like each having a low work function (work function
of 3.8 eV or lower). As a specific example of such a cathode material, an element
belonging to Group 1 or Group 2 in the periodic table, i.e., an alkali metal such as
lithium (Li) or cesium (Cs), an alkaline earth metal such as magnesium (Mg), calcium
(Ca), or strontium (Sr), or an alloy containing any of these (such as Mg:Ag or Al:Li)
can be given. However, when a layer having a function of promoting electron
injection is provided between the second electrode 107 and the fourth layer 106 by
being stacked over the second electrode 107, various conductive materials such as Al,
Ag, ITO, or ITO containing silicon can be used for the second electrode 107 regardless
of the work function.

[0096]

For the layer having a function of promoting electron injection, a compound of
an alkali metal or an alkaline earth metal, such as lithium fluoride (LiF), cesium fluoride
(CsF), or calcium fluoride (CaF,) can be used. In addition, a layer which contains a
substance having an electron-transporting property in which an alkali metal or an
alkaline earth metal is further contained, such as Alq containing magnesium (Mg), can

be used.
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[0097]

The first layer 103, thg second layer 104, the third layer 105, and the fourth
layer 106 may be formed by other methods than the aforqmentioned evaporation
method. For example, an ink jet method, a spin coating method, or the like may be
used. -Moreover, a different film-formation metﬁod may be used for each electrode or
each layer. .

[0098]

In the light-emitting element of the present invention having the
aforementioned structure, current flows by a potential difference generated between the
first electrode 102 and the second electrode 107 and holes and electrons are recombined
at the third layer 105 which contains the substance having a high light-emitting property,
whereby light is emitted. That is, the structure is that a light-emitting region is formed
in the third layer 105. However, it is not necessary that the entire third layer 105
functions as the light-emitting region but, for example, the light-emitting region may be
formed only in a part of the third layer 105 that is on the second layer 104 side or the
fourth layer 106 side.

[0099]

Light emission is extracted to the outside through one or both of the first
electrode 102 and the second electrode 107. Therefore, one or both of the first
electrode 102 and the second electrode 107 is/are formed with a substance having a
light-transmitting property. If only the first electrode 102 is formed with a substance
having a light-transmitting property, emitted light is extracted from the substrate side
through the first electrode 102 as shown in FIG. 1A. If only the second electrode 107
is formed with a substance having a light-transmitting property, emitted light is
extracted from a side opposite of the substrate side through the second electrode 107 as
shown in FIG. 1B. If both the first electrode 102 and the second-electrode 107 are
formed with a substance having a light-transmitting property, emitted light is extracted
from both the substrate side and the side opposite of the substrate side through the first
electrode 102 and the second electrode 107 as shown in FIG. 1C.
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[0100]

The structure of the layers provided between the first electrode 102 and the
second electrode 107 is not restricted to the aforementioned one. ~ Other structures than
the aforementioned one may be applied as long as the structures are as follows: a region
where holes and electrons are recombined is pro‘vided apart from the first electrode 102
and the second electrode 107 so that 6ptical quenching due to approximation of the
light-emitting region and the metal is suppressed, and moreover, the layer containing
the composite maferial of the first organic compound and the inorganic compound is in
contact with the layer containing the second organic compound not having a peak of an
absorption spectrum in a wavelength region of 450 to 800 nm if the second organic
compound is compounded with the inorganic compound in the composite material.
[0101]

In other words, the multilayer structure of the layers is not particularly
restricted, and a layer which contains a substance having a high electron-transporting
property, a substance having a high hole-transporting property, a substance having a
high electron-injecting property, a substance having a high hole-injecting property, a
substance having a bipolar property' (a substance having a high electron-transporting
property and a high hole-transporting property), or the like may be freely combined
with the layer containing the composite material of the first organic compound and the
inorganic compound and the layer containing the second organic compound not having
a peak of an absorption spectrum in a wavelength region of 450 to 800 nm if the second
organic compound is compounded with the inorganic compound in the composite
material.

[0102]

A light-emitting element shown in FIG. 2 has a structure in which a first layer
303 which contains a substance having a high electron-transporting property, a second
layer 304 which contains a substance having a high light-emitting property, a third layer
305 which contains a second organic compound not having a peak of an absorptidn
spectrum in a wavelength region of 450 to 800 nm if the second organic compound is

compounded with an inorganic compound contained in a composite material of a fourth
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layer 306, the fourth layer 306 containing the composite material, and -a second
electrode 307 functioning as an anode are stacked over a first electrode 302 functioning
as a cathode. A reference numeral 301 denotes a substrqte.

[0103]

In this embodiment mode, the light-em'itting element is manufactured over the
substrate made of glass, plastic, or the like. By manufacturing a plurality of such
light-emitting elements over one substrate, a passive type light-emitting device can be
manufactured. The light-emitting elements may be manufactured over, for example, a
thin film transistor (TFT) array substrate besides a substrate made of glass, plastic, or
the like. Thus, an active matrix type light-emitting device in which the driving of the
light-emitting element is controlled by a TFT can be manufactured. The structure of
the TFT is not particularly restricted. Either a staggered TFT or an inverted staggered
TFT is applicable. A driver circuit formed over the TFT array substrate may be
formed by using either or both of N-type TFTs and P-type TFTs. The crystallinity of a
semiconductor film used for the TFT is not particularly restricted. An amorphous
semiconductor film or a crystalline semiconductor film may be used.

[0104]

The light-emitting element  of the present invention has the layer which
contains the composite material of the first organic compound and the inorganic
compound and the layer which contains the second organic compound not having a
peak of an absorption spectrum in a wavelength region of 450 to 800 nm if the second
organic compound is compounded with the inorganic compound in the composite
material.

[0105]

The layer containing the composite material does not have a peak of an
absorption spectrum in a wavelength region of 450 to 800 nm. Therefore, light
emitted from the light-emitting substance can be transmitted efficiently through the
layer containing the composite material, and external extraction efficiency can be
improved. That is, a light-emitting element having high luminous efficiency can be

obtained.
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[0106]

The layer containing the second organic compound does not have a peak of an
absorption spectrum in a wavelength region of 450 to 800 nm if the second organic
compound is compounded with the inorganic compound in the composite material.
Therefore, even if the second organic conipouﬁd and the inorganic compound in the
layer containing the composite material exist as a composite material when the first
layer 103 and the second layér 104 are in contact with each other and the inorganic
compound in the layer containing the composite material and the second organic
compound are in contact with each other at an interface between the layer containing the
composite material and the layer containing the second organic compound, light emitted
from the light-emitting substance is not absorbed and is transmitted through the
composite material efficiently. Thus, external extraction efficiency can be improved.
In other words, a light-emitting element having high luminous efficiency can be
obtained.

[0107]

The layer containing the composite material of the first organic compound and
the inorganic compound has high conductivity. Therefore, lower-voltage driving of
the light-emitting element can be achieved.

[0108]

Since the layer containing the composite material of the organic compound and
the inorganic compound has high conductivity, even in the case where the film
containing the composite material has large film thickness, the increase in drive voltage
can be suppressed. Therefore, it becomes possible to optimize the film thickness of
the layer containing the composite material so that external light extraction efficiency is
increased while suppressing the increase in drive voltage.

[0109] ‘

In addition, improvement of color purity by optical design without increasing
drive voltage can be achieved.
[0110]

Since short-circuiting due to depression and projection on the electrodes, shock,



10

15

20

25

30

WO 2007/013478 PCT/JP2006/314710

35

and the like can be prevented by increasing the film thickness of the layer containing the
composite material, a light-emitting element with high reliability can be obtained. For
example, in contrast with the total film thickness of a layer or layers between the
electrodes of the light-emitting element which generally ranges from 100 to 150 nm, the
total film thickness of the layer or the layers'betw'een the electrodes of the light-emitting
element using the layer containing the composite material can be made 100 to 500 nm,
and preferably 200 to 500 nm.

[0111]

The layer containing the composite material used for the light-emitting element
of the present invention can have an ohmic contact with the electrodes and has small
contact resistance with the electrodes. Therefore, an electrode material can be selected
without considering the work function and the like. In other words, selection range of
the electrode material can be wider.

[0112]
[Embodiment Mode 4]

This embodiment mode will describe a light-emitting device having a
light-emitting element of the present invention.
[0113]

This embodiment mode will describe a light-emitting device having a
light-emitting element of the present invention in a pixel portion, with reference to
FIGS. 33A and 33B. FIG. 33A is a top view showing a light-emitting device while
FIG. 33B is a cross-sectional view along lines A-A’ and B-B’ of FIG. 33A. A
reference numeral 601 shown with a dotted line denotes a driver circuit portion (source
side driver circuit); 602, a pixel portion; and 603, a driver circuit portion (gate side
driver circuit). Moreover, a reference numeral 604 denotes a sealing substrate; 605, a
sealing material; and 607, a space surrounded by the sealing material 605.

[0114]

A leading wire 608 is to transmit a signal to be inputted to the source side

driver circuit 601 and the gate side driver circuit 603, and receive a video signal, a clock

signal, a start signal, a reset signal, and the like from an FPC (Flexible Printed Circuit)
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609, which serves as an external input terminal. Although only the FPC is shown here,
this FPC may be provided with a printed wiring board (PWB). The light-emitting
device in this specification not only includes a light-emitting device itself but also a
state where the light-emitting device has an FPC or a PWB attached thereto.

[0115] -

Next, a cross-sectional structure is described with reference to FIG. 33B.
Over an element substrate 610 are formed the driver circuit portion and the pixel portion.
Here, the source side driver circuit 601, which is the driver circuit portion, and one pixel
in the pixel portion 602 are shown.

[0116]

In the source side driver circuit 601, a CMOS circuit in which an n-channel
TFT 623 and a p-channel TFT 624 are combined is formed. The TFT for forming the
driver circuit may be formed by using various circuits such as a CMOS circuit, a PMOS
circuit, or an NMOS circuit.  Although this embodiment mode shows a
driver-integrated type where the driver circuit is formed over the substrate, the present
invention is not restricted to this, and the driver circuit may be formed outside the
substrate, not over the substrate. ‘

[0117]

The pixel portion 602 is formed by a plurality of pixels each including a
switching TFT 611, a current control TFT 612, and a first electrode 613 electrically
connected to a drain of the current control TFT 612.  An insulator 614 is formed so as
to cover an end portion of the first electrode 613. Here, the insulator 614 is formed by
using a positive photosensitive acrylic resin film.

[0118]

In order to improve coverage, an upper end portion or a lower end portion of
the insulator 614 is formed so as to have a curved surface with curvature. For example,
in the case of using a positive photosensitive acrylic for the insulator 614, it is
preferable that only the upper end portion of the insulator 614 have a curved surface
with curvature (a radius of curvature of 0.2 to 3 um). As the insulator 614, either a

negative type which becomes insoluble in etchant by irradiation with light or a positive
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type which becomes soluble in etchant by irradiation with light can be used.
[0119] ‘

Over the first electrode 613, a layer 616 containing a light-emitting substance
and a second electrode 617 are formed. Here, the first electrode 613 functioning as an
anode can be formed with various metals,' alloys, conductive compounds, or mixture
thereof. If the first electrode is used as an anode, it is preferable to use, among those
materials, a material having a 'high work function (work function of 4.0 eV or higher),
or the like. For example, a single layer of indium tin oxide containing silicon, indium
zinc oxide (IZO) in which zinc oxide (ZnO) is mixed by 2 to 20 wt% into indium oxide,
a titanium nitride film, a chromium film, a tungsten film, a Zn film, a Pt film, or the like
can be used. Moreover, a multilayer including a film containing titanium nitride and a
film containing aluminum as its main component; a three-layer structure including a
titanium nitride film, a film containing aluminum as its main component, and a titanium
nitride film; or the like can be used. The multilayer structure achieves to have low
wiring resistance, favorable ohmic contact, and a function as an anode.

[0120]

The layer 616 containing a light-emitting substance is formed by various
methods such as an evaporation method usiﬁg an evaporation mask, an ink jet method, a
spin coating method, and the like. The layer 616 containing a light-emitting substance
has the layer containing the composite material shown in Embodiment Mode 1 and the
layer containing the second organic compound shown in Embodiment Mode 2. As
another material that constitutes a part of the layer 616 containing a light-emitting
substance, a low molecular material, a medium molecular material (including oligomer
and dendrimer), or a high molecular material may be used. As the material for the
layer containing a light-emitting substance, generally an organic compound is often
used as a single layer or a multilayer; however, in the present invention, a structure
using an inorganic compound as a part of a film containing an organic compound is also
acceptable.

[0121]

As the material for the second electrode 617 functioning as a cathode, which is
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formed over the layer 616 containing a light-emitting substance, a metal, alloy,
conductive compound, mixture of these, or the like each having a low work function
(work function of 3.8 eV -or lower) can be used. As a specific example of such a
cathode material, an element belonging to Group. 1 or Group 2 in the periodic table, i.e.,
an alkali metal such as lithium (Li) or cesium (GCs), an alkaline earth metal such as
magnesium (Mg), calcium (Ca), or strontium (Sr), or an alloy containing any of these
(such as Mg:Ag or Al:Li) can be given. In the case where light generated in the layer
616 containing a light-emitting substance is transmitted through the second electrode
617, the second electrode 617 is preferably formed by using a mﬁltilayer of a metal Athin
film and a transparent conductive film (ITO, indium oxide containing 2 to 20 wt% of
zinc oxide, indium tin oxide containing silicon, zinc oxide (ZnO), or the like).

[0122]

When the sealing substrate 604 and the element substrate 610 are attached to
each other by the sealing material 605, the light-emitting element 618 is provided in the
space 607 surrounded by the element substrate 610, the sealing substrate 604, and the
sealing material 605. The space 607 may be filled with filler, and may be filled with
an inert gas (such as nitrogen or argoh), the sealing material 605, or the like.

[0123]

An epoxy-based resin is preferable for the sealing material 605. The material
preferably allows as little moisture and oxygen as possible to penetrate. As a material
for the sealing substrate 604, a plastic substrate made of FRP (Fiberglass-Reinforced
Plastics), PVF (polyvinyl fluoride), Mylar, polyester, acrylic, or the like can be used
besides a glass substrate or a quartz substrate.

[0124]

In this way, the light-emitting device having the light-emitting element of the
present invention can be obtained.
[0125]

The light-emitting device of the present invention has the layer containing the
composite material shown in Embodiment Mode 1 and the layer containing the second

organic compound shown in Embodiment Mode 2, which is provided so as to be in
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contact with the layer containing the composite material. Therefore, light emitted
from the light-emitting region can be extracted to the outside efficiently, and the
luminous efficiency is high. Moreover, the drive voltage can be decreased, thereby
allowing lower power consumption.
[0126]

Moreover, the light-emitting device of the present invention.can suppress the
increase in drive voltage even though the layer containing the composite material is

made thicker. Therefore, the short-circuiting of the light-emitting element can be

prevented by increasing the thickness of the layer containing the composite material.

Moreover, improvement of external extraction efficiency of light emission can be
achieved by optical design. Thus, a highly-reliable light-emitting device with low
power consumption can be obtained.

[0127]

Although this embodiment mode has described the active matrix type
light-emitting device in which the driving of the light-emitting element is controlled by
the transistor, the light-emitting device may be of a passive type in which the
light-emitting element is driven without particularly providing the element for driving,
such as the transistor. FIG. 34 is a perspective view of a passive type light-emitting
device manufactured by applying the present invention. In FIG. 34, a layer 955
containing a light-emitting substance is provided between an electrode 952 and an
electrode 956 over a substrate 951. An end portion of the electrode 952 is covered
with an insulating layer 953. Then, over the insulating layer 953 is provided a
partition wall layer 954. A side wall of the partition wall layer 954 has such a gradient
that the distance between one side wall and the other side wall becomes shorter as
approaching the substrate surface. That is to say, a cross section of the partition wall
layer 954 in a short-side direction is trapezoid-like, in which a bottom side (a side in a
similar direction to a surface direction of the insulating layer 953, which has contact
with the insulating layer 953) is shorter than an upper side (a side in a similar direction
to the surface direction of the insulating layer 953, which does not have contact with the

insulating layer 953). In this way, by providing the partition wall layer 954, a problem
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of a light-emitting element due to electrostatic and the like can be prevented.
Moreover, even a passive type light-emitting device can be driven with low power
consumption by including a light-emitting element of the present invention that has high
luminous efficiency and that is driven with low drive voltage. \

[0128] |

[Embodiment Mode 5]

This embodiment mode will describe an electronic appliance of the present
invention, which includes the light-emitting device shown in Embodiment Mode 4 as a
part thereof. The electronic appliance of the present invention has a display portion of
low power consumption, and has the layer containing the composite material shown in
Embodiment Mode 1 and the layer containing the second organic compound shown in
Embodiment Mode 2, which is provided so as to be in contact with the layer containing
the composite material. By increasing the thickness of the layer containing the
composite material shown in Embodiment Mode 1, it is also possible to provide an
electronic appliance having a display portion with high reliability in which
short-circuiting due to shock from the outside, a minute foreign particle, or the like is
suppressed.

[0129]

As the electronic appliance manufactured by using the light-emitting device of
the present invention, a camera such as a video camera or a digital camera, a
goggle-type display, a navigation system, a sound reproducing device (such as a car
audio component of an audio component), a computer, a game machine, a mobile
information terminal (a mobile computer, a mobile phone, a mobile game machine, or
an electronic book), an image reproducing device equipped with a recording medium
(specifically, a device equipped with a display device for reproducing a recording
medium such as digital versatile disk (DVD) and displaying the image), and the like are
given. Specific examples of these electronic appliances are shown in FIGS. 35A to
35D. FIG. 35A shows a television device according to the present invention, which
includes a housing 9101, a supporter 9102, a display portion 9103, a speaker portion
9104, a video input terminal 9105, and the like. In this television device, the display
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portion 9103 is formed by arranging similar light-emitting elements to those described
in Embodiment Modes 2 to 6 in a matrix form. The light-emitting elements have
advantages of their high luminous efficiency and low drive voltage. Moreover, it is
possible to prevent short-circuiting due to minute foreign particles, shock from the

outside, and the like. Since the display portion 9103 having such light-emitting

elements also has similar advantages, this television does not deteriorate in its image

quality and consumes less electric power. Since the number of circuits each having a
deterioration-compensation function and power source circuits can be drastically
decreased or the size of such circuits can be reduced in the television device because of
such advantages, reduction in size and weight of the housing 9101 and the supporter
9102 can be achieved. Since reduction in size, weight, and power consumption, and
moreover improvement of image quality can be achieved in the television device of the
present invention, products suitable for dwelling environment can be provided.
[0130]

FIG. 35B shows a computer according to the present invention, which includes
a main body 9201, a housing 9202, a display portion 9203, a keyboard 9204, an external
connection port 9205, a pointing mouse 9206, and the like. In this computer, the
display portion 9203 is formed by arranging similar light-emitting elements to those
described in Embodiment Modes 2 to 6 in a matrix form. The light-emitting elements
have advantages of their high luminous efficiency and low drive voltage. Moreover, it
is possible to prevent short-circuiting due to minute foreign particles, shock from the
outside, and the like. Since the display portion 9203 having such light-emitting
elements also has similar advantages, this ~computer does not deteriorate in its image
quality and consumes less electric power. Since the number of circuits each having a
deterioration-compensation function and power source circuits can be drastically
decreased or the size of such circuits can be reduced in the computer because of such
advantages, reduction in size and weight of the main body 9201 and the housing 9202
can be achieved. Since reduction in size, weight, and power consumption, and
moreover improvement of image quality can be achieved in the computer of the present

invention, products suitable for dwelling environment can be provided. Furthermore,
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it becomes possible to carry around the computer, and the computer having a display
portion which resists shock from the outside when carrying it around can be provided.
[0131] ‘

FIG. 35C shows a mobile phone of the present invention, which includes a
main body 9401, a housing 9402, a display' port.ion 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. This display portion 9403 is formed by arranging
similar light-emitting elements to those described in Embodiment Modes 2 to 6 in a
matrix form. The light-emitting elements have advantages of their high luminous
efficiency and low drive voltage. Moreover, it is possible to prevent short-circuiting
due to minute foreign particles, shock from the outside, and the like. Since the display
portion 9403 having such light-emitting elements also has similar advantages, this
mobile phone does not deteriorate in its image quality and consumes less electric power.
Since the number of circuits each having a deterioration-compensation function and
power source circuits can be drastically decreased or the size of such circuits can be
reduced in the mobile phone because of such advantages, reduction in size and weight
of the main body 9401 and the housing 9402 can be achieved. Since reduction in size,
weight, and power consumption, and moreover improvement of image quality can be
achieved in the mobile phone of the present invention, products suitable for being
carried around can be provided. In addition, products having display portions which
resist shock from the outside when being carried around can be provided.
[0132]

FIG. 35D shows a camera of the présent invention, which includes a main body
9501, a display portion 9502, a housing 9503, an external connection port 9504, a
remote control receiving portion 9505, an image receiving portion 9506, a battery 9507,
an audio input portion 9508, an operation key 9509, an eyepiece portion 9510, and the
like. In this camera, the display portion 9502 is formed by arranging similar
light-emitting elements to those described in Embodiment Modes 2 to 6 in a matrix
form. The light-emitting elements have advantages of their high luminous efficiency

and low drive voltage. Moreover, it is possible to prevent short-circuiting due to
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minute foreign particles, shock from the outside, and the like. Since the display
portion 9502 having such light-emitting elements also has similar advantages, this
camera does not deteriorate in its image quality and consumes less electric power.
Since the number of circuits each having a deterioration-compensation function and
power source circuits can be drastically deéreas;ad or the size of such circuits can be
reduced in the camera because of such advantages, reduction in size and weight of the
main body 9501 can be achieved. Since reduction in size, weight, and power
consumption, and moreover improvement of image quality can be achieved in the
camera of the present invention, products suitable for being carried around can be
provided. In addition, products having display portions which resist shock from the
outside when carrying them around can be provided.

[0133]

As thus described, application range of the light-emitting device of the present
invention is quite wide, and this light-emitting device can be applied to electronic
appliances of every field. By using the light-emitting device of the present invention,
an electronic appliance having a highly-reliable display portion consuming less electric
power can be provided.

[0134]

Moreover, the light-emitting device of the present invention has the
light-emitting element having high luminous efficiency, and the light-emitting device
can be used as an illumination device. An example of using the light-emitting element
of the present invention as an illumination device will be described with reference to
FIG. 36.

[0135]

FIG. 36 shows an example of a liquid crystal display device in which the
light-emitting device of the present invention is used as a backlight. The liquid crystal
display device shown in FIG. 36 includes a housing 901, a liquid crystal layer 902, a
backlight 903, and a housing 904, in which the liquid crystal layer 902 is connected to a
driver IC 905. The backlight 903 uses the light-emitting device of the present

invention, and current is supplied to the backlight 903 by a terminal 906.
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[0136]

When the light-emitting device of the present invention is used as the backlight
of the liquid crystal display device, the backlight consumes less electric power.
Moreover, since the light-emitting device of the present invention is an illumination
device of surface light emission and the énlargement of the light-emitting device is
possible, the backlight can be made larger and the liquid crystal display device can also
have a larger area. Moreover; since the light-emitting device is thin and consumes less
electric power, reduction in thickness and power consumption of the display device is
possible. '

[Embodiment 1]
[0137]

This embodiment will describe optical characteristics and a method for
manufacturing an organic compound, an inorganic compound, and a layer containing a
composite material which are used for a light-emitting element of the present invention.
[0138]

[Sample 1]

First, a quartz substrate is fixed at a substrate holder in a vacuum evaporation
apparatus. Then, DNTPD and molyb.denurh oxide (VI) were separately put in different
resistance-heating evaporation sources, and the vacuum apparatus was evacuated to
reduce pressure to be about 10* Pa. ‘After that, a layer containing DNTPD and
molybdenum oxide was formed by a co-evaporation method. At this time, the
co-evaporation was carried out so that the weight ratio between DNTPD and
molybdenum oxide was 2 : 1. The thickness of the layer was set to 100 nm.

[0139]

A measurement result of an absorption spectrum of a DNTPD-molybdenum
oxide composite layer (Sample 1) formed in this way in a wavelength region of 450 to
800 nm is shown in FIG. 37. Further, the transmittance thereof is shown in FIG. 4.
[0140]

[Comparative Example 1]

[Comparative Sample 2]
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First, a quarti substrate is fixed at a substrate holder in a vacuum evaporation
apparatus. Then, NPB and molybdenum oxide (VI) were separately put in different
resistance-heating evaporation sources, and the vacuum apparatus was evacuated to
reduce pressure to be about 10 Pa. After that, a layer containing NPB and
molybdenum oxide was formed by a ce—evaporation method. At this time, the
co-evaporation was carried out so that the weight ratio between NPB and molybdenum
oxide was 2 : 0.75. The thickness of the layer was set to 100 nm
[0141]

A measurement result of an absorption spectrum of a NPB-molybdenum oxide
composite layer (Comparative Sample 2) formed in this way in a wavelength region of
450 to 800 nm is shown in FIG. 37. Further, the transmittance thereof is shown in FIG.
4.

[0142]

As can be seen from FIG. 4 and FIG. 37, the DNTPD-molybdenum oxide
composite layer does not have an absorption peak but has a transmittance of 80% or
higher in a wavelength region of 450 to 800 nm. In contrast, the NPB—mblybdenum
oxide composite layer as the comparative example has an absorption peak at a
wavelength of about 500 nm and has a wavelength region in which the transmittance is
less than 80%.

[0143]

Therefore, it is understood that the composite material of the present invention
and the layer containing the organic compound, which is provided so as to be in contact
with the composite material do not have an‘absorption peak but have high transmittance
in a wavelength region of 450 to 800 nm.

[Embodiment 2]
[0144] |

This embodiment will describe optical characteristics and a method for

manufacturing an organic compound, an inorganic compound, and a layer containing a

composite'material which are used for a light-emitting element of the present invention.
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[0145]
[Sample 3] ‘

First, a quartz substrate is fixed at a substrate holder in a vacuum evaporation
apparatus. Then, t-BuDNA and molybdenum oxide (VI) were separately put in
different resistance-heating evaporation 'sourc'es, and the vacuum apparatus was
evacuated to reduce pressure to be about 10* Pa. After that, a layer containing
t-BuDNA and molybdenum oxide was formed by a co-evaporation method. At this
time, the co-evaporation was carried out so that the weight ratio between t-BuDNA and
molybdenum oxide was 2 : 1. The thickness of the layer was set to 100 nm.

[0146]
[Sample 4] ‘

Similarly to Sample 3, a quartz substrate is fixed at a substrate holder in a
vacuum evaporation apparatus. Then, DPPA and molybdenum oxide (VI) were
separately put in different resistance-heating evaporation sources, and the vacuum
apparatus was evacuated to reduce pressure to be about 10" Pa. After that, a layer
containing DPPA and molybdenum oxide was formed by a co-evaporation method. At
this time, the co-evaporation was carried out so that the weight ratio between DPPA and
molybdenum oxide was 2 : 1. The thickness of the layer was set to 100 nm.

[0147]
[Sample 5]

Similarly to Sample 3, a quartz substrate is fixed at a substrate holder in a
vacuum evaporation apparatus. Then, DNA and molybdenum oxide (VI) were
separately put in different resistance-heating evaporation sources, and the vacuum
apparatus was evacuated to reduce pressure to be about 10 Pa. After that, a layer
containing DNA and molybdenum oxide was formed by a co-evaporation method. At
this time, the co-evaporation was carried out so that the weight ratio between DNA and
molybdenum oxide was 2 : 1. The thickness of the layer was set to 100 nm.

[0148]
[Sample 6]

Similarly to Sample 3, a quartz substrate is fixed at a substrate holder in a
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vacuum evaporation apparatus. Then, DPAnth and mqubdenum oxide (VI) were
separately put in different resistance-heating evaporation sources, and the vacuum
apparatus was evacuated to reduce pressure to be about 10 Pa. After that, a layer
containing DPAnth and molybdenum oxide was formed by a co-evaporation method.
At this time, the co-evaporation was carried .out so that the weight ratio between
DPAnth and molybdenum oxide was 2 :1. The thickness of the layer was set to 100
nm. '

[0149]

Measurement results of absorption spectra of the t-BuDNA-molybdenum oxide
composite layer (Sample 3), the DPPA-molybdenum oxide composite layer (Sample 4),
the DNA-molybdenum oxide composite layer (Sample 5), and the
DPAnth-molybdenum oxide composite layer (Sample 6) formed in this way, in a
wavelength region of 450 to 800 nm are shown in FIG. 38. Further, the transmittance
of each layer is shown in FIG. 5.

[0150]

As can be seen from FIG. 5 and FIG. 38, the t-BuDNA-molybdenum oxide
composite layer (Sample 3), the DPPA-molybdenum oxide composite layer (Sample 4),
the DNA-molybdenum oxide composite layer (Sample 5), and the
DPAnth-molybdenum oxide composite layer (Sample 6) do not have an absorption peak
but have a transmittance of 80% or higher in a wavelength region of 450 to 800 nm.
[0151]

Therefore, it is understood that the layer containing the composite material of
the present invention and the layer containiﬁg the organic compound, which is provided
so as to be in contact with the composite material do not have an absorption peak but
have high transmittance in a wavelength region of 450 to 800 nm.

[0152]

The layer containing the organic compound has higher transmittance than the
layer containing the composite material. Therefore, it is understood that a multilayer
body of the layer containing the composite material and the layer containing the organic

compound, which is provided so as to be in contact with the composite material has a
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transmittance higher than 80%.
[0153]

Moreover, the relation between the absorbance and the film thickness is

represented by the following formula (2) according to Lambert-Beer’s law.
=gl -+ (2

T

A : absorbance

I, : incident light

I : transmitted light

£ : absorbance coefficient per unit of film thickness (nm™)

L : thickness (nm)

Moreover, the transmittance is represented by the following formula (3).

I
T _— — L] - L]
7 €)

0

T : transmittance

The absorbance is represented by the following formula (4) by assigning the
formula (3) to the formula (2).

1
loge—=¢L
gT £

1, 1
g==-log= - (4
7 087 “)

For example, the absorbance coefficient per unit of film thickness is

represented by the formula (5) when the film thickness L is 100 nm and the

transmittance T is 80%.

£ g_l_ . log——L
100 0.8
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sé—-l—-0.097=9.7><10‘4 s (5)
100

It is preferable that the composite material used for the light-emitting element
of the present invention have a transmittance of 80% or higher in a wavelength region
of 450 to 800 nm. That is, the following formula (6) is preferably satisfied.

A=el=97x10"%x]l =+ - - (6)
A : absorbance

[ : thickness (nm)

If the transmittance is 0%, for example in the case of using a reflective material
or the like, Lambert-Beer’s law is not effective; therefore, the formula (6) is not
satisfied.

[Embodiment 3]
[0154]

This embodiment will describe a light-emitting element of the present
invention more specifically. |
[0155]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0156]

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10* Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
50 nm, and the volume ratio between t-BuDNA and molybdenum oxide (VI) was

adjusted so that molybdenum oxide was contained by 10 vol%. A co-evaporation
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method is an evaporation method by which evaporation is carried out from a plurality of
evaporation sources at the same time within one.process chamber.
[0157] .

Next, t-BuDNA was formed by an evaporation method using resistance heating
so as to be in contact with the layer contaihing ;the composite material in 10 nm thick.
The ionization potential of t-BuDNA was 5.5 eV.

[0158]

By co-evaporating Alq and DPQd, a 40-nm-thick light-emitting layer was
formed over t-BuDNA. Here, the weight ratio between Alq and DPQd was adjusted so
as to be 1 : 0.005 (= Alq : DPQd). Thus, DPQd exists in such a state that DPQd
disperses in a layer containing Alq.

[0159]

After that, Alq was formed to have a thickness of 30 nm over the light-emitting
layer by an evaporation method by resistance heating, thereby forming an
electron-transporting layer.

[0160] ‘

Further, lithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporation method by resistance heating, thereby
forming an electron-injecting layer.

[0161]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a light-emitting element 1 was manufactured.

[0162]
[Comparative Example 2]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0163]

Next, the substrate where the first electrode was formed was fixed at a
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substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first elpctrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10 Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a compdsite ﬁlaterial. The film thickness was set to
50 nm, and the volume ratio between t-BuDNA and molybdenum oxide (VI) was
adjusted so that molybdenum oxide was contained by 10 vol%. A co-evaporation
method is an evaporation method by which evaporation is carried out from a plurality of
evaporation sources at the same time within one process chamber.

[0164]

Next, NPB was formed in 10 nm thick by an evaporation method using
resistance heating,.
[0165]

Moreover, by co-evaporating Alq and DPQd, a 40-nm-thick light-emitting
layer was formed over NPB. Here, the weight ratio between Alq and DPQd was
adjusted so as to be 1 : 0.005 (=Alq : DPQd). Thus, DPQd exists in such a state that
DPQd disperses in a layer including Alq.

[0166]

After that, Alq was formed in 30 nm thick over the light-emitting layer by an
evaporation method by resistance heating, thereby forming an electron-transporting
layer.

[0167]

Further, lithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporation method by resistance heating, thereby
forming an electron-injecting layer.

[0168]

Finally, aluminum was formed in 200 nm thick over the electron-injecting

layer by an evaporation method by resistance heating, thereby forming a second

electrode. Thus, a comparative light-emitting element 1 was manufactured.
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[0169]

Current-voltage characteristics of the light-emitting element 1 manufactured in
Embodiment 3 and the- comparative light-emitting element 1 manufactured in
Comparative Example 2 are shown in FIG. 6. Moreover, luminance-voltage
characteristics thereof are shown in FIG. 7. .Further, current efficiency-luminance
characteristics thereof are shown in FIG. 8.

[0170]

In the light-emitting element 1, the voltage required to obtain a luminance of
1226 cd/m* was 5.6 V, at which current flowed for 0.35 mA (with a current density of
8.63 mA/cmz). Moreover, the current efficiency at this time was 14.2 cd/A.
Meanwhile, in the comparative light-emitting element 1, the voltage required to obtain a
luminance of 1096 cd/m> was 5.8 V, at which current flowed for 0.34 mA (with a
current density of 8.57 mA/cmz). The current efficiency at this time was 12.8 cd/A.
[0171]

“The light-emitting element 1 and the comparative light-emitting element 1 have
almost the same current-voltage characteristics.  However, since the current
efficiency-luminance characteristics of the light-emitting element 1 have improved, it is
understood that the luminance-voltage characteristics have also improved. In other
words, it is understood that the voltage required to obtain a certain luminance has
decreased.

[0172]

From the above results, it has been confirmed that luminous efficiency is
improved by applying the present invention.
[Embodiment 4]

[0173]

This embodiment will describe a light-emitting element of the present

invention more specifically.
[0174]
First, indium tin oxide containing silicon oxide was formed over a glass

substrate by a sputtering method, thereby forming a first electrode. The film thickness
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thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.
[0175] .

Next, the substrate where the first electrode’ was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a Surface of the
substrate at which the first electrode was foﬁned faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10* Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
50 nm, and the volume ratio between t-BuDNA and molybdenum oxide (VI) was
adjusted so that molybdenum oxide was contained by 10 vol%. A co-evaporation
method is an evaporation method by which evaporation is carried out from a plurality of
evaporation sources at the same time within one process chamber. |
[0176]

Next, t-BuDNA was formed in 10 nm thick by an evaporation method using
resistance heating so as to be in contact with the layer containing the composite material.
The ionization potential of t-BuDNA was 5.55 eV.

[0177] '

By co-evaporating Alq and DPQd, a 40-nm-thick light-emitting layer was
formed over t-BuDNA. Here, the weight ratio between Alq and DPQd was adjusted so
as to be 1 : 0.005 (= Alq : DPQd). Thus, DPQd exists in such a state that DPQd
disperses in a layer including Alqg.

[0178]

After that, BPhen was formed in 30 nm thick over the light-emitting layer by
an evaporation method by resistance heating, thereby forming an electron-transporting
layer.

[0179]

Further, lithium fluoride was formed in 1 nm thick over the

electron-transporting layer by an evaporation method by resistance heating, thereby

forming an electron-injecting layer.
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[0180]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a light-emitting element 2 was manufactured.

[0181] -
[Comparative Example 3]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. ‘The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0182]

Next, the substrate where the first electrode was formed was fixed at a

substrate holder provided in a vacuum evaporation apparatus so that a surface of the

substrate at which the first electrode was formed faces downward. After that, the

© vacuum apparatus was evacuated to reduce pressure to be about 10™ Pa, and then

t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
50 nm, and the volume ratio between t-BuDNA and molybdenum oxide (VI) was
adjusted so that molybdenum oxide was contained by 10 vol%. A co-evaporation
method is an evaporation method by which evaporation is carried out from a plurality of
evaporation sources at the same time within one process chamber.

[0183]

Next, NPB was formed in 10 nm thick by an evaporation method using
resistance heating.
[0184]

By co-evaporating Alq and DPQd, a 40-nm-thick light-emitting layer was
formed over NPB. Here, the weight ratio between Alq and DPQd was adjusted so as
to be 1:0.005 (= Alq : DPQd). Thus, DPQd exists in such a state that DPQd disperses
in a layer including Alq.

[0185]
After that, BPhen was formed in 30 nm thick over the light-emitting layer by
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an evaporation method by resistance heating, thereby forming an electron-transporting
layer.
[0186] '

Further, lithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporafion r.nethod by resistance heating, thereby
forming an electron-injecting layer.

[0187] '

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a comparative light-emitting element 2 was manufactured.

[0188]

Current-voltage characteristics of the light-emitting element 2 manufactured in
Embodiment 4 and the comparative light-emitting element 2 manufactured in
Comparative Example 3 are shown in FIG. 9. Moreover, luminance-voltage
characteristics thereof are shown in FIG. 10. Further, current efficiency-luminance
characteristics thereof are shown in FIG. 11.

[0189]

In the light-emitting element. 2, the voltage required to obtain a luminance of
1233 cd/m® was 4.6 V, at which current flowed for 0.36 mA (with a current density of
8.90 mA/cm®). Moreover, the current efficiency at this time was 13.9 cd/A.
Meanwhile, in the comparative light-emitting element 2, the voltage required to obtain a
luminance of 1179 cd/m® was 4.8 V, at which current flowed for 0.38 mA (with a
current density of 9.59 mA/cmZ). The current efficiency at this time was 12.3 cd/A.
[0190]

The light-emitting element 2 and the comparative light-emitting element 2 have
almost the same current-voltage characteristics. ~ However, since the current
efficiency-luminance characteristics of the light-emitting element 2 have improved, it is
understood that the luminance-voltage characteristics have also improved. In other
words, it is understood that the voltage required to obtain a certain luminance has

decreased.
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[0191]

From the above results, it has been confirmed that luminous efficiency is
improved by applying the present invention.
[Embodiment 5]

[0192]

This embodiment will describe a light-emitting element. of the present
invention more specifically.. ‘
[0193]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0194]

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10™ Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
50 nm, and the volume ratio between t-BuDNA and molybdenum oxide (VI) was
adjusted so that molybdenum oxide was contained by 10 vol%. A co-evaporation
method is an evaporation method by which evaporation is carried out from a plurality of
evaporation sources at the same time within one process chamber.

[0195]

Next, t-BuDBA was formed in 10 nm thick by an evaporation method using
resistance heating so as to be in contact with the layer containing the composite
material.

[0196]

By co-evaporating Alq and DPQd further, a 40-nm-thick light-emitting layer
was formed over t-BuDBA. Here, the weight ratio between Alq and DPQd was
adjusted so as to be 1 : 0.005 (= Alq : DPQd). Thus, DPQd exists in such a state that
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- DPQd disperses in a layer including Alg.
[0197] .

After that, Alq was formed to have a thickness of 30 nm over the light-emitting
layer by an evaporation method by resistance heating, thereby forming an
electron-transporting layer. ' .

[0198]

Further, lithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporation method by resistance heating, thereby
forming an electron-injecting layer.

[0199]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a light-emitting element 3 was manufactured.

[0200]
[Comparative Example 4]

First, indium tin oxide contéining silicon oxide was formed over a glass
substrate by a sputtering method, thefeby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0201]

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10™ Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
50 nm, and the volume ratio between t-BuDNA and molybdenum oxide (VI) was
adjusted so that molybdenum oxide was contained by 10 vol%. ‘A cb-evaporation
method is an evaporation method by which evaporation is carried out from a plurality of

evaporation sources at the same time within one process chamber.



10

15

20

25

30

WO 2007/013478 PCT/JP2006/314710

58

[0202]

Next, NPB was formed in 10 nm thick by an evaporation method using
resistance heating.
[0203]

By co-evaporating Alq and DPQd'furtlier, a 40-nm-thick light-emitting layer
was formed over NPB. Here, the weight ratio between Alq and DPQd was adjusted so
as to be 1 : 0.005 (= Alq : DPQd). Thus, DPQd exists in such a state that DPQd
disperses in a layer including Alq.

[0204] ‘

After that, Alq was formed to have a thickness of 30 nm over the light-emitting
layer by an evaporation method by resistance heating, thereby forming an
electron-transporting layer.

[0205]

Further, lithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporation method by resistance heating, thereby
forming an electron-injecting layer.

[0206]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a comparative light-emitting element 3 was manufactured.

[0207]

Current-voltage characteristics of the light-emitting element 3 manufactured in
Embodiment 5 and the comparative light—emitting element 3 manufactured in
Comparative Example 4 are shown in FIG. 12. Moreover, luminance-voltage
characteristics thereof are shown in FIG. 13. Further, current efficiency-luminance
characteristics thereof are shown in FIG. 14.

[0208]

In the light-emitting element 3, the voltage required to obtain a luminance of

1063 cd/m” was 5.6 V, at which current flowed for 0.31 mA (with a current density of

7.65 mA/cmz). Moreover, the current efficiency at this time was 13.9 cd/A.
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Meanwhile, in the comparative light-emitting element 3, the voltage required to obtain a
luminance of 1027 cd/m’ was 5.8 V, at which current flowed for 0.32 mA (with a
current density of 8.11 mA/cm?). The current efficiency at this time was 12.7 cd/A.
[0209]

The light-emitting element 3 and the cor.nparatiV(a light-emitting element 3 have
almost the same current-voltage characteristics. = However, since the current
efficiency-luminance characteristics of the light-emitting element 3 have improved, it is
understood that tﬁe luminance-voltage characteristics have also improved. In other
words, it is understood that the voltage required to obtain a certain luminance has
decreased.

[0210] ‘

From the above results, it has been confirmed that luminous efficiency is
improved by applying the present invention.
[Embodiment 6]

[0211]

This embodiment will - describe a light-emitting element of the present
invention more specifically.
[0212]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0213]

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10* Pa, and then
t-BuDBA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
50 nm, and the volume ratio between t-BuDBA and molybdenum oxide (VI) was

adjusted so that molybdenum oxide was contained by 10 vol%. A co-evaporation
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method is an evaporation method by which evaporation is carried out from a plurality of
evaporation sources at the same time within one process chamber.
[0214] ‘

Next, t-BuDBA was formed in 10 nm thick by an evaporation method using
resistance heating so as to be in contact witﬁ the layer containing the composite
material.

[0215]

By co-evaporating Alq and DPQd, a 40-nm-thick light-emitting layer was
formed over t-BuDBA. Here, the weight ratio between Alq and DPQd was adjusted so
as to be 1 : 0.005 (= Alq : DPQd). Thus, DPQd exists in such a state that DPQd
disperses in a layer including Alq.

[0216]

After that, Alq was formed to have a thickness of 30 nm over the light-emitting
layer by an evaporation method by resistance heating, thereby forming an
electron-transporting layer.

[0217]

Further, lithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporation method by resistance heating, thereby
forming an electron-injecting layer.

[0218]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a light-emitting element 4 was manufactured.

[0219]
[Comparative Example 5]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0220]

Next, the substrate where the first electrode was formed was fixed at a
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substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first elpctrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10* Pa, and then
t-BuDBA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a compoéite ﬁaterial. The film thickness was set to
50 nm, and the volume ratio between t-BuDBA and molybdenum..oxide (VI) was
adjusted so that molybdenum oxide was contained by 10 vol%. A co-evaporation
method is an evaporation method by which evaporation is carried out from a plurality of
evaporatidn sources at the same time within one process chamber.

[0221]

Next, NPB was formed in 10 nm thick by an evaporation method using
resistance heating.

[0222] ,
By co-evaporating Alq. and DPQd, a 40-nm-thick light-emitting layer was
formed over NPB. Here, the weight ratio between Alq and DPQd was adjusted so as
to be 1 : 0.005 (=Alq : DPQd). Thus, DPQd exists in such a state that DPQd disperses
in a layer including Alg.

[0223] |

After that, Alq was formed to have a thickness of 30 nm over the light-emitting
layer by an evaporation method by resistance heating, thereby forming an
electron-transporting layer.

[0224]

Further, lithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporation rﬁethod by resistance heating, thereby
forming an electron-injecting layer.

[0225]

Finally, aluminum was formed in 200 nm thick over the electron-injecting

layer by an evaporation method using resistance heating, thereby forming a second

electrode. Thus, a comparative light-emitting element 4 was manufactured.
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[0226]

Current-voltage charaqteristics of the light-emitting element 4 manufactured in
Embodiment 6 and the- comparative light-emitting element 4 manufactured in
Comparative Example 5 are shown in FIG. 15. Moreover, luminance-voltage
characteristics thereof are shown in FIG. 16. 'Further, current efficiency-luminance
characteristics thereof are shown in FIG. 17.

[0227] '

In the light-emitting element 4, the voltage required to obtain a luminance of
1105 cd/m” was 5.6 V, at which current flowed for 0.31 mA (with a current density of
7.86 mA/cm®). Moreover, the current efficiency at this time was 14.1 cd/A.
Meanwhile, in the comparative light-emitting element 4, the voltage required to obtain a
luminance of 1010 cd/m* was 5.8 V, at which current flowed for 0.31 mA (with a
current density of 7.87 mA/cm®). The current efficiency at this time was 12.8 cd/A.
[0228]

The light-emitting element 4 and the comparative light-emitting element 4 have
almost the same current-voltage characteristics. = However, since the current
efficiency-luminance characteristics of the light-emitting element 4 have improved, it is
understood that the luminance-voltage characteristics have also improved. In other
words, it is understood that the voltage required to obtain a certain luminance has
decreased.

[0229]

From the above results, it has been confirmed that luminous efficiency is
improved by applying the present invention.
[Embodiment 7]

[0230]

This embodiment will describe a light-emitting element of the present

invention more specifically.
[0231]
First, indium tin oxide containing silicon oxide was formed over a glass

substrate by a sputtering method, thereby forming a first electrode. The film thickness
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thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.
[0232] .

Next, the substrate where the first electrode ‘was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10 Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
50 nm, and the weight ratio between t-BuDNA and molybdenum oxide (VI) was
adjusted to be 4 : 1 (= t-BuDNA : molybdenum oxide). A co-evaporation method is an
evaporation method by which evaporation is carried out from a plurality of evaporation
sources at the same time within one process chamber.

[0233]

Next, t-BuDNA was formed in 10 nm thick by an evaporation method using
resistance heating so as to be in contact with the layer containing the composite material.
The ionization potential of t-BuDNA was 5.55 eV.

[0234] '

By co-evaporating Alq and coumarin 6 further, a 40-nm-thick light-emitting
layer was formed over t-BuDNA. Here, the weight ratio between Alq and coumarin 6
was adjusted so as to be 4 : 0.04 (=Alq : coumarin 6). Thus, coumarin 6 exists in such
a state that cournarin 6 disperses in a layer including Alq.

[0235]

After that, Alq was formed in 30 nm thick over the light-emitting layer by an
evaporation method by resistance heating, thereby forming an electron-transporting
layer.

[0236]

Further, lithium fluoridle was formed in 1 nm thick over the

electron-transporting layer by an evaporation method by resistance heating, thereby

forming an electron-injecting layer.
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[0237]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a light-emitting element 5 was manufactured.

[Embodiment 8] ' |
[0238]

This embodiment will describe a light-emitting element of the present
invention more spécifically.
[0239]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0240]

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10" Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
50 nm, and the weight ratio between t-BuDNA and molybdenum oxide (VI) was
adjusted to be 4 : 1 (= t-BuDNA : molybdenum oxide). A co-evaporation method is an
evaporation method by which evaporation is carried out from a plurality of evaporation
sources at the same time within one procéss chamber. The ionization potential of
t-BuDNA was 5.55 eV. |
[0241]

Next, DPPA was formed in 10 nm thick by an evaporation method using
resistance heating so as to be in contact with the layer containing the composite material.
The ionization potential of DPPA was 5.83 eV.

[0242]

By co-evaporating Alq and coumarin 6, a 40-nm-thick light-emitting layer was
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formed over DPPA. Here, the weight ratio between Alq and coumarin 6 was adjusted
s0 as to be 4 : 0.04 (=Alq : coumarin 6). Thus, coumarin 6 exists in such a state that
coumarin 6 disperses in a layer including Alg.

[0243]

After that, Alq was formed to have a thi.ckness of 30 nm over the light-emitting
layer by an evaporation method by resistance heating, thereby forming an
electron-transporting layer. |
[0244]

Further, lithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporation method by resistance heating, thereby
forming an electron-injecting layer.

[0245]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a light-emitting element 6 was manufactured.

[0246]
[Comparative Example 6]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0247]

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10™* 'Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
50 nm, and the weight ratio between t-BuDNA and molybdenum oxide (VI) was
adjusted to be 4 : 1 (= t-BuDNA : molybdenum oxide). A co-evaporation method is an

evaporation method by which evaporation is carried out from a plurality of evaporation
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sources at the same time within one process chamber.
[0248] .

Next, NPB was formed in 10 nm thick by an evaporation method using
resistance heating. .

[0249]

By co-evaporating Alq and coumarin 6 further, a 40-nm-thick light-emitting
layer was formed over NPB. | Here, the weight ratio between Alq and coumarin 6 was
adjusted so as to be 4 : 0.04 (= Alq : coumarin 6). Thus, coumarin 6 exists in such a
state that coumarin 6 disperses in a layer including Alq.

[0250]

After that, Alq was formed to have a thickness of 30 nm over the light-emitting
layer by an evaporation method by resistance heating, thereby forming an
electron-transporting layer.

[0251]

Further, lithium fluoride was " formed in 1 nm thick over the
electron-transporting layer by an evaporation method by resistance heating, thereby
forming an electron-injecting layer. ‘

[0252]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a comparative light-emitting element 5 was manufactured.

[0253]
[Comparative Example 7]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0254]

Next, the substrate where the first electrode was formed was fixed at a

substrate holder provided in a vacuum evaporation apparétus so that a surface of the

substrate at which the first electrode was formed faces downward. After that, the
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vacuum apparatus was evacuated to reduce pressure to be about 10* Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
50 nm, and the weight ratio between t-BuDNA and molybdenum oxide (VI) was
adjusted to be 4 : 1 (= t-BuDNA : molybdeﬁum oxide). A co-evaporation method is an
evaporation method by which evaporation is carried out from a plurality of evaporation
sources at the same time within one process chamber.

[0255]

Next, 4,4’-bis[N-phenyl-N-(spirofluorene-2-yl)]bipheny! (abbreviation: BSPB)
was formed in 10 nm thick by an evaporation method using resistance heating.
[0256]

By co-evaporating Alq and coumarin 6, a 40-nm-thick light-emitting layer was
formed over BSPB. Here, the weight ratio between Alq and coumarin 6 was adjusted
so as to be 4 : 0.04 (= Alq : coumarin 6). Thus, coumarin 6 exists in such a state that
coumarin 6 disperses in a layer including Alg.

[0257]

After that, Alq was formed in 30 nm thick over the light-emitting layer by an
evaporation method by resistance heating, thereby forming an electron-transporting
layer.

[0258]

Further, lithium fluoridle was formed in 1 nm thick over the
electron-transporting layer by an evaporation method by resistance heating, thereby
forming an electron-injecting layer. |
[0259]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a comparative light-emitting element 6 was manufactured.

[0260]
Current-voltage characteristics of the light-emitting element 5 manufactured in

Embodiment 7, the light-emitting element 6 manufactured in Embodiment 8, the
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comparative light-emitting element 5 manufactured in Comparative Example 6, and the
comparative light-emitting element 6 manufactured in Comparative Example 7 are
shown in FIG. 18. Moreover, luminance-voltage characteristics thercof are shown in
FIG. 19. Further, current efficiency-luminance characteristics thereof are shown in
FIG. 20. |
[0261]

In the light-emitting element 5, the voltage required to obtain a luminance of
1202 cd/m* was 5.8 V, at which current flowed for 0.36 mA (with a current density of
9.00 mA/cm®). Moreover, the current efficiency at this time was 13.4 cd/A.
Meanwhile, in the light-emitting element 6, the voltage required to obtain a luminance
of 1057 cd/m* was 6.0 V, at which current flowed for 0.35 mA (with a current density
of 8.72 mA/cm?). The current efficiency at this time was 12.1 cd/A. On the other
hand, in the comparative light-emitting element 5, the voltage required to obtain a
Juminance of 1103 cd/m? was 6.0 V, at which current flowed for 0.46 mA (with a

current density of 11.54 mA/cmz). Moreover, the current efficiency at this time was

"9.6 cd/A. Meanwhile, in the comparative light-emitting element 6, the voltage

required to obtain a luminance of 1159 cd/m”® was 5.8 V, at which current flowed for
0.473 mA (with a current density of. 11.74 mA/cm?®). The current efficiency at this
time was 9.9 cd/A.

[0262]

The light-emitting elements 5 and 6 have almost the same currenf-voltage
characteristics as the comparative light-emitting elements 5 and 6. However, since the
current efficiency-luminance characteristics of the light-emitting elements 5 and 6 have
improved as compared with the comparative light-emitting elements 5 and 6, it is
understood that the luminance-voltage characteristics have also improved. In other
words, it is understood that the voltage required to obtain a certain luminance has
decreased.

[0263]
From the above results, it has been confirmed that luminous efficiency is

improved by applying the present invention.
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[Embodiment 9]
[0264] .

This embodiment will describe a light-emitting element of the present
invention more specifically.
[0265]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering methbd, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0266]

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so .that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10* Pa, and then
DNTPD and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
120 nm, and the weight ratio between DNTPD and molybdenum oxide (VI) was
adjusted to be 1 : 0.67 (= DNTPD : inolybdenum oxide). A co-evaporation method is
an evaporation method by which evapdration is carried out from a plurality of
evaporation sources at the same time within one process chamber.

[0267]

Next, DNTPD was formed in 5 nm thick by an evaporation method using
resistance heating so as to be in contact with the layer containing the composite
material. '

[0268]

Further, NPB was formed in 5 nm thick over DNTPD by an evaporation
method using resistance heating.
[0269]

Subsequently, by co-evaporating Alq and coumarin 6, a 40-nm-thick
light-emitting layer was formed over NPB. Here, the weight ratio between Alq and

coumarin 6 was adjusted so as to be 1 : 0.005 (= Alq : coumarin 6). Thus, coumarin 6
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exists in such a state that coumarin 6 disperses in a layer including Alqg.
[0270] .

After that, Alq was formed in 30 nm thick over the light-emitting layer by an
evaporation method by resistance heating, thereby forming an electron-transporting
layer. .

[0271]

Further, lithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporation method by resistance heating, thereby
forming an electron-injecting layer.

[0272]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a light-emitting element 7 was manufactured.

[0273]
[Comparative Example 8]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0274] |

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10™ Pa, and then
DNTPD and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
120 nm, and the weight ratio between DNTPD and molybdenum oxide (VI) was
adjusted to be 1 : 0.67 (= DNTPD : molybdenum oxide). A co-evaporation method is
an evaporation method by which evaporation is carried out from a plurality of

evaporation sources at the same time within one process chamber.
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[0275]

Next, NPB was formed in 10 nm thick by an evaporation method using
resistance heating.
[0276]

By co-evaporating Alq and coumarin 6,. a 40-nm-thick light-emitting layer was
formed over NPB. Here, the weight ratio between Alq and coumarin 6 was adjusted so
as to be 1 : 0.005 (= Alq : coumarin 6). Thus, coumarin 6 exists in such a state that
coumarin 6 disperses in a layer including Alq.

[0277]

After that, Alq was formed in 30 nm thick over the light-emitting layer by an
evaporation method by resistance heating, thereby forming an electron-transporting
layer.

[0278]
Further, lithium fluoride was formed in 1 nm thick over the

electron-transporting layer by an evaporation method using resistance heating, thereby

forming an electron-injecting layer.

[0279]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a comparative light-emitting element 7 was manufactured.

[0280]

Current-voltage characteristics of the light-emitting element 7 manufactured in
Embodiment 9 and the comparative light-emitting element 7 manufactured in
Comparative Example 8 are shown in FIG. 21. Moreover, luminance-voltage
characteristics thereof are shown in FIG. 22. Further, current efficiency-luminance
characteristics thereof are shown in FIG. 23.

[0281]

In the light-emitting element 7, the voltage required to obtain a luminance of

1287 cd/m® was 5.6 V, at which current flowed for 0.46 mA (with a current density of

11.59 mA/cm®). Moreover, the current efficiency at this time was 11.1 cd/A.
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Meanwhile, in the comparative light-emitting element 7, the voltage required to obtain a
luminance of 1094 cd/m’ was 5.8 V, at which current flowed for 0.47 mA (with a
current density of 11.74 mA/cm®). Moreover, the current efficiency at this time was
9.3 cd/A.

[0282]

The light-emitting element 7 has almost the same.. current-voltage
characteristics as the comparative light-emitting element 7. However, since the current
efficiency-luminance characteristics of the light-emitting element 7 have improved, it is
understc;od that the luminance-voltage characteristics have also improved. In other
words, it is understood that the voltage required to obtain a certain luminance has
decreased.

[0283]

From the above results, it has been confirmed that luminous efficiency is
improved by applying the present invention.
[Embodiment 10]

[0284]

This embodiment will describe a light-emitting element of the present
invention more specifically. ‘
[0285]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0286]

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10* Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to

20 nm, and the volume ratio between t-BuDNA and molybdenum oxide (VI) was
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adjusted so that molybdenum oxide is contained by 10 vol%. A co-evaporation
method is an evaporation method by which evaporation is carried out from a plurality of
evaporation sources at the same time within one process chamber.

[0287] '

Next, t-BuDNA was formed in 10 nm thick by an evaporation method using
resistance heating so as to be in contact with the layer containing the composite
material.

[0288]

Subsequently, by co-evaporating Alq and DPQd, a 40-nm-thick light-emitting
layer was formed over t-BuDNA. Here, the weight ratio between Alq and DPQd was
adjusted so as to be 1 : 0.005 (= Alq : DPQd). Thus, DPQd exists in such a state that
DPAQd disperses in a layer including Alq.

[0289]

After that, Alq was formed to have a thickness of 30 nm over the light-emitting
layer by an evaporation method by resistance heating, thereby forming an
electron-transporting layer.

[0290]

Further, lithium fluoride . was formed in 1 nm thick over the
electron-transporting layer by an evaporation method by resistance heating, thereby
forming an electron-injecting layer.

[0291]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a light-emitting element 8 was manufactured.

[0292]
[Comparative Example 9]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness

thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.
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[0293]

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10 Pa, and then NPB
and molybdenum oxide (VI) were co-evaporated over the first electrode, thereby
forming a layer containing a cdmposite material. The film thickness was set to 20 nm,
and the volume ratio between NPB and molybdenum oxide (VI) was adjusted so that
molybdenlim oxide is contained by 10 vol%. A co-evaporation method is an
evaporation method by which evaporation is carried out from a plurality of evaporation
sources at the same time within one process chamber.

[0294]

Next, t-BuDNA was formed in 10 nm thick by an evaporation method using
resistance heating.
[0295]

By co-evaporating Alq and DPQd, a 40-nm-thick light-emitting layer was
formed over t-BuDNA. Here, the weight ratio between Alq and DPQd was adjusted so
as to be 1 : 0.005 (= Alq : DPQd). . Thus, DPQd exists in such a state that DPQd
disperses in a layer including Alq.

[0296]

After that, Alq was formed to have a thickness of 30 nm over the light-emitting
layer by an evaporation method by resistance heating, thereby forming an
electron-transporting layer. |
[0297]

Further, lithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporation method by resistance heating, thereby
forming an electron-injecting layer.

[0298]
Finally, aluminum was formed in 200 nm thick over the electron-injecting

layer by an evaporation method by resistance heating, thereby forming a second
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electrode. Thus, a comparative light-emitting element 8 was manufactured.
[0299] ‘

Current-voltage characteristics of the light-emitting element 8 manufactured in
Embodiment 10 and the comparative light-emitting element 38 manufactured in
Comparative Example 9 are shown in 'FIG. 24. Moreover, luminance-voltage
characteristics thereof are shown in FIG. 25. Further, current efficiency-luminance
characteristics thereof are shown in FIG. 26.

[0300]

In the light-emitting element 8, the voltage required to obtain a luminance of
1130 cd/m* was 5.4 V, at which current flowed for 0.27 mA (with a current density of
6.76 mA/cm”). Moreover, the current efficiency at this time was 16.7 cd/A.
Meanwhile, in the comparative light-emitting element 8, the voltage required to obtain a
luminance of 1180 cd/m* was 7.4 V, at which current flowed for 0.37 mA (with a
current density of 9.16 mA/cm®). Moreover, the current efficiency at this time was
12.9 cd/A. '

[0301]

It is understood that the cﬁrrent-voltage characteristics of the light-emitting
element 8 has improved as compared with the comparative light-emitting element 8, i.e.,
current easily flows. Moreover, the current efficiency-luminance characteristics of the
light-emitting element 8 have improved as compared with the comparative
light-emitting element 8, and it is understood that the luminance-voltage characteristics
have also improved. In other words, it is understood that the voltage required to obtain
a certain luminance has decreased. ‘

[0302]

The comparative light-emitting element 8 uses NPB as the organic compound
contained in the layer containing the composite material, and uses t-BuDNA, which is
aromatic hydrocarbon having high ionization potential, for the layer containing the
organic compound provided so as to be in contact with the layer containing the
composite material. In the comparative light-emitting element 8, since a carrier

injection barrier between the layer containing the composite material and the layer
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containing the organic compound provided so as to be in contact with the layer
containing the composite material is high, drive voltage is high. Moreover, since the
layer containing the composite material in the comparative light-emitting clement 8 has
an absorption peak in a wavelength region of 450 to 800 nm, light emitted from a
light-emitting region is partially absorbed in the layer containing the composite
material.

[0303]

Meanwhile, the light-emitting element 8 uses t-BuDNA, which is aromatic
hydrocarbbn having high ionization potential, as the first organic compound contained
in the composite material. Therefore, it becomes possible to use t-BuDNA, which is
aromatic hydrocarbon having high ionization potential, for the layer containing the
second organic compound provided so as to be in contact with the layer containing the
composite material. Moreover, since the layer containing the composite material uses
the same organic compound as the layer provided so as to be in contact with the layer
containing the composite material, the carrier injection barrier is low. Thus, the drive
voltage of the light-emitting element can be decreased. Moreover, since the layer
containing the composite material in the light-emitting element 8 does not have an
absorption peak in a wavelength region of 450 to 800 nm, light emitted from the
light-emitting region can be extracted to the outside effectively. Thus, luminous
efficiency can be improved.

[0304]

From the above results, it has been confirmed that the drive voltage of the
light-emitting element can be decreased and luminous efficiency can be improved by
applying the present invention.

[Embodiment 11]
[0305] |

This embodiment mode will describe a light-emitting element of the present
invention more specifically.
[0306]

First, indium tin oxide containing silicon oxide was formed over a glass
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substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.
[0307] .

Next, the substrate where the first el.ectrode was formed was fixed at a
substrate holder provided in a vacuum evaboration apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. .. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10" Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
50 nm, and the volume ratio between t-BuDNA and molybdenum oxide (VI) was
adjusted so that molybdenum oxide is contained by 10 vol%. A co-evaporation
method is an evaporation method by which evaporation is carried out from a plurality of
evaporation sources at the same time within one process chamber.

[0308]

Next, t-BuDNA was formed in 10 nm thick by an evaporation method using
resistance heating so as to be in contact with the layer containing the composite
material.

[0309]

Subsequently, by co-evaporating Alq and DPQd, a 40-nm-thick light-emitting
layer was formed over t-BuDNA. Here, the weight ratio between Alq and DPQd was
adjusted so as to be 1 : 0.005 (= Alq : DPQd). Thus, DPQd exists in such a state that
DPQd disperses in a layer including Alq.

[0310]

After that, Alq was formed to have a thickness of 30 nm over the light-emitting
layer by an evaporation method by resistance heating, thereby forming an
electron-transporting layer.

[0311]

Further, lithium fluoride was formed in 1 nm thick over the

electron-transporting layer by an evaporation method by resistance heating, thereby

forming an electron-injecting layer.
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[0312]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a light-emitting element 9 was manufactured.

[0313] '
[Comparative Example 10]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0314]

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10 Pa, and then NPB
and molybdenum oxide (VI) were co-evaporated over the first electrode, thereby
forming a layer containing a composite material. The film thickness was set to. 50 nm,
and the volume ratio between NPB and molybdenum oxide (VI) was adjusted so that
molybdenum oxide is contained by 10 vol%. A co-evaporation method is an
evaporation method by which evaporation is carried out from a plurality of evaporation
sources at the same time within one process chamber.

[0315]

Next, t-BuDNA was formed in 10 nm thick by an evaporation method using
resistance heating. .

[0316]

By co-evaporating Alq and DPQd, a 40-nm-thick light-emitting layer was
formed over t-BuDNA. Here, the weight ratio between Alq and DPQd was adjusted so
as to be 1 : 0.005 (= Alq : DPQd). Thus, DPQd exists in such a state that DPQd
disperses in a layer including Alqg.

[0317]
After that, Alq was formed in 30 nm thick over the light-emitting layer by an
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evaporation method by resistance heating, thereby forming an electron-transporting
layer.
[0318]

Further, lithium fluoride was fqrmed in 1 nm thick over the
electron-transporting layer by an evaporaﬁon method by resistance heating, thereby
forming an electron-injecting layer.

[0319] |

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by ‘an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a comparative light-emitting element 9 was manufactured.

[0320]

Current-voltage characteristics of the light-emitting element 9 manufactured in
Embodiment 11 and the comparative light-emitting element 9 manufactured in
Comparative Example 10 are shown in FIG. 27. Moreover, luminance-voltage
characteristics thereof are shown in FIG. 28. Further, current efficiency-luminance
characteristics thereof are shown in FIG. 29.

[0321]

In the light-emitting element 9, the voltage required to obtain a luminance of
1009 cd/m?* was 5.6 V, at which current flowed for 0.30 mA (with a current density of
7.46 mA/cm®). Moreover, the current efficiency at this time was 13.5 cd/A.
Meanwhile, in the comparative light-emitting element 9, the voltage required to obtain a
luminance of 1295 cd/m”> was 7.8 V, at which current flowed for 0.50 mA (with a
current density of 12.62 mA/cmZ). Moredver, the current efficiency at this time was
10.3 cd/A.

[0322]

It is understood that the current-voltage characteristics of the light-emitting
element 9 has improved as compared with the comparative light-emitting element 9, i.e.,
current easily flows. Moreover, the current efficiency-luminance characteristics of the
light-emitting element 9 have improved as compared with the comparative

light-emitting element 9, and it is understood that the luminance-voltage characteristics
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have also improved. In other words, it is understood that the voltage required to obtain
a certain luminance has decreased.
[0323]

The comparative light-emitting element 9 uses NPB as the organic compound
contained in the layer containing the compbsite material, and uses t-BuDNA, which is
aromatic hydrocarbon having high ionization potential, for the layer containing the
organic compound provided so as to be in contact with the layer containing the
composite material. In the comparative light-emitting element 9, since a carrier
injection barrier between the layer containing the composite material and the layer
containing the organic compound provided so as to be in contact with the layer
containing the composite material is high, drive voltage is high. Moreover, since the
layer containing the composite material in the comparative light-emitting element 9 has
an absorption peak in a wavelength region of 450 to 800 nm, light emitted from a
light-emitting region is partially absorbed in the layer containing the composite
material. ‘

[0324]

Meanwhile, the light-emitting element 9 uses t-BuDNA, which 'is aromatic
hydrocarbon having high ionization potential, as the first organic compound contained
in the composite material. Therefore, it becomes possible to use t-BuDNA, which is
aromatic hydrocarbon having high ionization potential, for the layer containing the
second organic compound provided so as to be in contact with the layer containing the
composite material. Moreover, since the layer containing the composite material uses
the same organic compound as the layer pfovided so as to be in contact with the layer
containing the composite material, the carrier injection barrier is low. Thus, the drive
voltage of the light-emitting element can be decreased. Moreover, since the layer
containing the coinposite material in the light-emitting element 9 does not have an
absorption peak in a wavelength region of 450 to 800 nm, light emitted from the
light-emitting region can be extracted to the outside effectively. Thus, luminous

efficiency can be improved.
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[0325]

From the above results, it has been confirmed that the drive voltage of the
light-emitting element can be decreased and luminous efficiency can be improved by
applying the present invention.

[Embodiment 12]
[0326]

This embodiment will describe a light-emitting element of the present
invention more specifically.
[0327]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness .
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0328]

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be about 10™ Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
150 nm, and the volume ratio between t-BuDNA and molybdenum oxide (VI) was
adjusted so that molybdenum oxide is contained by 10 vol%. A co-evaporation
method is an evaporation method by which evaporation is carried out from a plurality of
evaporation sources at the same time within one process chamber.

[0329]

Next, t-BuDNA was formed in 10 nm thick by an evaporation method using
resistance heating so as to be in contact with the layer containing a composite material.
[0330]

Subsequently, by co-evaporating Alq and DPQd, a 40-nm-thick light-emitting
layer was formed over t-BuDNA. Here, the weight ratio between Alq and DPQd was
adjusted so as to be 1 : 0.005 (= Alq : DPQd). Thus, DPQd exists in such a state that
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DPQd disperses in a layer including Alq.
[0331] .
After that, Alq was formed to have a thickness of 30 nm over the light-emitting

layer by an evaporation method by resistance heating, thereby forming an

- electron-transporting layer.

[0332]

Further, lithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporation method by resistance heating, thereby
forming an electron-injecting layer.

[0333]

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporétion method by resistance heating, thereby forming a second
electrode. Thus, a light-emitting element 10 was manufactured.

[0334]
[Comparative Example 11]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thefeby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0335]

Next, the substrate where the first electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus was evacuated to reduce pressure to be-about 10™* Pa, and then NPB
and molybdenum oxide (VI) were co-evaporated over the first electrode, thereby
forming a layer containing a composite material. The film thickness was set to 150 nm,
and the volume ratio between NPB and molybdenum oxide (VI) was adjusted so that
molybdenum oxide is contained by 10 vol%. A co-evaporation method is an
evaporation method by which evaporation is carried out from a plurality of evaporation

sources at the same time within one process chamber.
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[0336]

Next, t-BuDNA was formed in 10 nm thick by an evaporation method using
resistance heating.

[0337] .

By co-evaporating Alq and DPQ'd, a 40-nm-thick light-emitting layer was
formed over t-BuDNA. Here, the weigﬁt ratio between Alq and DPQd was adjusted so
as to be 1 : 0.005 (= Alq : DPQd). Thus, DPQd exists in such a state that DPQd
disperses in a layer including Alg.

[0338]

After that, Alq was formed in 30 nm thick over the light-emitting layer by an
evaporation method by resistance heating, thereby forming an electron-transporting
layer.

[0339]

Further, Ilithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporatioh method using resistance heating, thereby
forming an electron-injecting layer.

[0340] |

Finally, aluminum was formed in 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
clectrode. Thus, a comparative light-emitting element 10 was manufactured.

[0341]

Current-voltage characteristics of the light-emitting element 10 manufactured
in Embodiment 12 and the comparative light-emitting element 10 manufactured in
Comparative Example 11 are shown in FIG. 30. Moreover, luminance-voltage
characteristics thereof are shown in FIG. 31. Further, current efficiency-luminance
characteristics thereof are shown in FIG. 32.

[0342]

In the light-emitting element 10, the voltage required to obtain a luminance of
1087 cd/m* was 5.4 V, at which current flowed for 0.30 mA (with a current density of
7.51 mA/cm®). Moreover, the current efficiency at this time was 14.5 cd/A.
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Meanwhile, in the comparative light-emitting element 10, the voltage required to obtain
a luminance of 1272 cd/m” was 7.6 V, at which current flowed for 0.45 mA (with a
current density of 11.17 mA/cmz). Moreover, the current efficiency at this time was
11.4 cd/A.

[0343]

It is understood that the current-voltage characteristics of the light-emitting
element 10 has improved as compared with the comparative light-emitting element 10,
i.e., current easily flows. Moreover, the current efficiency-luminance characteristics of
the light-emitting element 10 have improved as compared with the comparative
light-emitting element 10, and it is understood that the luminance-voltage characteristics
have also improved. In other words, it is understood that the voltage required to obtain
a certain luminance has decreased.

[0344]

The comparative light-emitting element 10 uses NPB as the organic compound
contained in the layer containing the compoéite material, and uses t-BuDNA, which is
aromatic hydrocarbon having high ionization potential, for. the layer containing the
organic compound provided so as to be in contact with the layer containing the
composite material. In the comparative light-emitting element 10, since a carrier
injection barrier between the layer containing the composite material and the layer
containing the organic compound provided so as to be in contact with the layer
containing the composite material is high, drive voltage is high. Moreover, since the
layer containing the composite material in the comparative light-emitting element 10
has an absorption peak in a wavelength regibn of 450 to 800 nm, light emitted from a
light-emitting region is partially absorbed in the layer containing the composite
material.

[0345]

Meanwhile, the light-emitting element 10 uses t-BuDNA, which is aromatic
hydrocarbon having high ionization potential, as the first organic compound contained
in the composite material. Therefore, it becomes possible to use t-BuDNA, which is

aromatic hydrocarbon having high ionization potential, for the layer containing the
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second organic compound provided so as to be in contact with the layer containing the
composite material. Moreover, since the layer containing the composite material uses
the same organic compound as the layer provided so as to be in contact with the layer
containing the composite material, the carrier injection barrier is low. Thus, the drive
voltage of the light-emitting element can.be decreased. Moreover, since the layer
containing the composite material in tﬁe light-emitting element 10 does not have an
absorption peak in a waveleﬁgth region of 450 to 800 nm, light emitted from the
light-emitting region can be extracted to the outside effectively. Thus, luminous
efficiency'can be improved.

[0346]

From the above results, it has been confirmed that the drive voltage of the
light-emitting element can be decreased and luminous efficiency can be improved by
applying the present invention.

[Embodiment 13]
[0347]

This embodiment will describe a light-emitting. element of the present
invention more specifically. |
[0348]

First, indium tin oxide containing silicon oxide was formed over a glass
substrate by a sputtering method, thereby forming a first electrode. The film thickness
thereof was set to 110 nm with an electrode area of 2 mm x 2 mm.

[0349]

Next, the substrate where the fifst electrode was formed was fixed at a
substrate holder provided in a vacuum evaporation apparatus so that a surface of the
substrate at which the first electrode was formed faces downward. After that, the
vacuum apparatus ‘was evacuated to reduce pressure to be about 10* Pa, and then
t-BuDNA and molybdenum oxide (VI) were co-evaporated over the first electrode,
thereby forming a layer containing a composite material. The film thickness was set to
50 nm, and the weight ratio between t-BuDNA and molybdenum oxide (VI) was

adjusted to be 4 : 1 (= t-BuDNA : molybdenum oxide). A co-evaporation method is an
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evaporation method by which evaporation is carried out from a plurality of evaporation
sources at the same time within one process chamber.
[0350]

Next, t-BuDNA was formed in 10 nm thick by an evaporation method using
resistance heating so as to be in contacf with the layer containing the composite
material.

[0351]

Subsequently, by co-evaporating
9-[4-(N—cérbazolyl)]phenyl-10-phenylanthracene (abbreviation: CzPA) and
9-(4-{N-[4-(9-carbazolyl)phenyl]-N-phenylamino} phenyl)-10-phenylanthracene
(abbreviation: YGAPA), a 30-nm-thick light-emitting layer was formed over t-BuDNA.
Here, the weight ratio between CzPA and YGAPA was adjusted so as to be 4 : 0.16
(=CzPA : YGAPA). 4
[0352]

After that, BPhen was formed in 5 nm thick and Alq was formed in 30 nm
thick, over the light-emitting layer by an evaporation method by resistance heating,
thereby forming an electron-transporﬁng layer.

[0353]

Further, lithium fluoride was formed in 1 nm thick over the
electron-transporting layer by an evaporation method using resistance heating, thereby
forming an electron-injecting layer.

[0354] '

Finally, aluminum was formed iﬁ 200 nm thick over the electron-injecting
layer by an evaporation method by resistance heating, thereby forming a second
electrode. Thus, a light-emitting element 11 was manufactured.

[0355] |

Current-voltage characteristics of the light-emitting element 11 manufactured
in Embodiment 13 are shown in FIG. 39. Moreover, luminance-voltage characteristics
thereof are shown in FIG. 40. Further, current efficiency-luminance characteristics

thereof are shown in FIG. 41.
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[0356]

In the light-emitting element 11, the voltage required to obtain a luminance of
1023 cd/m* was 10.6 V, at'which current flowed for 2.46 mA (with a current density of
61.5 mA/cm®). Moreover, at this time, the current efficiency was 1.66 cd/A and the
CIE chromaticity was (x, y = 0.16, 0.13), an.d blue light emission was obtained.

[0357]

The light-emitting elémen’c 11 uses t-BuDNA, which is aromatic hydrocarbon
having high ionization potential, as the first organic compound contained in the
composité material. Therefore, it becomes possible to use t-BuDNA, which is
aromatic hydrocarbon having high ionization potential, for the layer containing the
second organic compound provided so as to be in contact with the layer containing the
composite material. Moreover, since the layer containing the composite material uses
the same organic compound as the layer provided so as to be in contact with the layer
containing the composite material, the carrier injection barrier is low. Thus, the drive
voltage of the light-emitting element can be decreased. Moreover, since the layer
containing the composite material in the light-emitting element 11 does not have an
absorption peak in a wavelength région of 450 to 800 nm, light emitted from the
light-emitting region can be extracted to the outside effectively. Thus, luminous
efficiency can be improved. '

[0358]

From the above results, it has been confirmed that the drive voltage of the
light-emitting element can be decreased and luminous efficiency can be improved by

applying the present invention.

This application is based on Japanese Patent Application serial no. 2005-213759 filed in
Japan Patent Office on July 25, 2005 and Japanese Patent Application serial no.
2005-230272 filed in Japan Patent Office on August 9, 2005, the ‘entire contents of

which are hereby incorporated by reference.
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CLAIMS

1. A light-emitting element comprising:

a multilayer body in which a first layer containing a composite material of a
first organic compound and an inorganic compound and a second layef containing a
second organic compound are stacked, the' second layer being in contact with the first
layer, |

wherein the multilayér body is provided between a first electrode and a second
electrode, and

wherein the multilayer body does not have a peak of an absorption spectrum in

a wavelength region of 450 to 800 nm.

2. A light-emitting element comprising:

a multilayer body in which a first layer containing a first composite material of
a first organic compound and an inorganic compound and a second layer containing a
second organic compound are stacked , the second layer being in contact with the first
layer,

wherein the multilayer body is provided between a first electrode and a second
electrode, |

wherein the first composite material has a transmittance of 80% or higher in a
wavelength region of 450 to 800 nm, and

wherein a second composite material of the second organic compound and the
inorganic compound has a transmittance of 80% or higher in a wavelength region of 450

to 800 nm.

3. A light-emitting element comprising:

a multilayer body in which a first layer containing a first composite material of
a first organic compound and an inorganic compound and a second layer containing a
second organic compound, which is provided so as to be in contact with the first layer
are stacked,

wherein the multilayer body is provided between a first electrode and a second
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electrode,

wherein the first composite material has an absorbance that satisfies a formula
(1) in a wavelength region of 450 to 800 nm, and

wherein a second composite material of the second organic compound and the
inorganic compound has an absorbance that satisfies the formula (1) in a wavelength
region of 450 to 800 nm:

A=97x10"%xI - - - (1)
A : absorbance

! : thickness (nm) .

4. The light-emitting element according to Claim 1 further comprising:

a light-emitting layer containing a light-emitting substance,

wherein the light-emitting layer are provided between the multilayer body and
the second electrode,

wherein the first layer is provided s0 as to be in contact with the first electrode,
and

wherein the light-emitting substance emits light when voltage is applied so that

the first electrode has a higher potential than the second electrode.

5. The light-emitting element according to Claim 2 further comprising:

a light-emitting layer containing a light-emitting substance,

wherein the light-emitting layer are provided between the multilayer body and
the second electrode, A

wherein the first layer is provided so as to be in contact with the first electrode,
and

wherein the light-emitting substance emits light when voltage is applied so that

the first electrode has a higher potential than the second electrode.

6. The light emitting element according to Claim 2, wherein the first composite material

has a thickness of 100 nm, and wherein the second composite material has a thickness
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of 100 nm.

7. The light-emitting element according to Claim 3 further comprising:
a light-emitting layer containing a light-emitting substance,
wherein the light-emitting layer are. provided between the multilayer body and '

the second electrode,
wherein the first layer 'is provided so as to be in contact with the first electrode,

and
wherein the light-emitting substance emits light when voltage is applied so that

the first electrode has a higher potential than the second electrode.

8. The light-emitting element according to any one of Claims 1 to 3, wherein the first

organic compound is aromatic hydrocarbon.

9. The light-emitting element according to ahy one of Claims 1 to 3, wherein the first

organic compound is an anthracene derivative.

10. A light-emitting element comprising:

a multilayer body in which a first layer containing a composite material of a
first organic compound and an inorganic compound and a second layer containing a
second organic compound, which is provided so as to be in contact with the first layer
are stacked, 4

wherein the multilayer body is provided between a pair of electrodes, and

wherein the first organic compound is aromatic hydrocarbon.

11. A light-emitting element comprising:

a multilayer body in which a first layer containing a composite material of a
first organic compound and an inorganic compound and a second layer containing a
second organic compound, which is provided so as to be in contact with the first layer

are stacked,
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wherein the multilayer body is provided between a pair of electrodes, and

wherein the first organic compound is an anthracene derivative.

12. The light-emitting element according to any one of Claims 1 to 3; 10 and 11,
wherein an ionizing potential Ip (1) of the first organic compound and an ionizing

potential Ip (2) of the second organic compound satisfy:

p(2)= Ip(1) + 0.5¢V.

13. The light-emitting element according to any one of Claims 1 to 3, 10 and 11,

wherein the second organic compound is aromatic hydrocarbon.

14. The light-emitting element according to any one of Claims 1 to 3, 10 and 11,

wherein the second organic compound is an anthracene derivative.

15. The light-emitting element according to any one of Claims 1 to 3, 10 and 11,

wherein the second organic compound is a carbazole derivative.

16. The light-emitting element according to any one of Claims 1 to 3, 10 and 11,
wherein the second layer containing the second organic compound has a thickness from

1 to 20 nm.

17. The light-emitting element according to any one of Claims 1 to 3, 10 and 11,
wherein the inorganic compound has an electron-accepting property with respect to the

first organic compound.

18. The light-emitﬁng element according to any one of Claims 1 to 3, 10 and 11,

wherein the inorganic compound is an oxide of a transition metal.

19. The light-emitting element according to any one of Claims 1 to 3, 10 and 11,

wherein the inorganic compound is an oxide of a metal belonging to any of Group 4 to
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Group 8 in the periodic table.

20. The light-emitting element according to any one of Claims 1 to 3, 10 and 11,
wherein the inorganic compound is any of vanadium oxide, niobium oxide, tantalum
oxide, chromium oxide, molybdenum oxide, tungsten oxide, manganese oxide, and

rhenium oxide.

21. A light-emitting element comprising:

a first layer containing a composite material of an organic compound and an
inorganic compound; and

a second layer containing the organic compound, which is provided so as to be
in contact with the first layer,

wherein the first layer and the second layer are provided between a first
electrode and a second electrode, énd

wherein the composite material does not have a peak of an absorption spectrum

in a wavelength region of 450 to 800 nm.

22. A light-emitting element comprising:

a first layer containing a composite material of an organic compound and an
inorganic compound; and

a second layer containing the organic compound, which is provided so as to be
in contact with the first layer,

wherein the first layer and the second layer are provided between a first
electrode and a second electrode, and

wherein the compdsite material has a transmittance of 80% or higher in a

wavelength region of 450 to 800 nm.

23. A light-emitting element comprising:
a first layer containing a composite material of an organic compound and an

inorganic compound; and
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a second layer containing the organic compound, which is provided so as to be
in contact with the first layer,

wherein the first layer and the second layer are provided between a first
electrode and a second electrode, and ‘

wherein the composite material has. an absorbance that satisfies a formula (1) in
a wavelength region of 450 to 800 nm:

A=9.7x10*xl - - - (1)
A : absorbance

[ : thickness (nm) .

24. The light-emitting element according to Claim 21 further comprising:

a light-emitting layer containing a light-emitting substance,

wherein the light-emitting layer are provided between the second layer and the
second electrode,

wherein the first layer is provided s0 as to be in contact with the first electrode,
and

wherein the light-emitting sﬁbstance emits light when voltage is applied so that

the first electrode has a higher potential than the second electrode.

25. The light-emitting element according to Claim 22 further comprising;:

a light-emitting layer containing a light-emitting substance,

wherein the light-emitting layer are provided between the second layer and a
second electrode, |

wherein the first layer is provided so as to be in contact with the first electrode,
and

wherein the light-emitting substance emits light when voltage is applied so that

the first electrode has a higher potential than the second electrode.

26. The light emitting element according to Claim 22, wherein the composite material

has a thickness of 100 nm.
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27. The light-emitting element according to Claim 23 further comprising:

a light-emitting layer containing a light-emitting substance,

wherein the light-emitting layer are provided between the second layer and the
second electrode, .

wherein the first layer is provided so as to be in contact with the first electrode,
and

wherein the light-emitting substance emits light when voltage is applied so that

the first electrode has a higher potential than the second electrode.

28. The light-emitting element according to any one of Claims 21 to 23, wherein the

organic compound is aromatic hydrocarbon.

29. The light-emitting element according to any one of Claims 21 to 23, wherein the

organic compound is an anthracene derivative.

30. A light-emitting element comprising:

a first layer containing a composite material of an organic compound and an
inorganic compound; and

a second layer containing the organic compound, which is provided so as to be
in contact with the first layer,

wherein the first layer and the second layer are provided between a pair of
electrodes, and .

wherein the organic compound is aromatic hydrocarbon.

31. Alight-emitting element comprising:

a first layer containing a composite material of an organic compound and an
inorganic compound; and

a second layer containing the organic compound, which is provided so as to be

in contact with the first layer,
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wherein the first layer and the second layer are provided between a pair of
electrodes, and

wherein the organic compound is an anthracene derivative.

32. The light-emitting element according to any one of Claims 21 to 23, 30 and 31,
wherein the second layer containing the organic compound has a thickness from 1 to 20

nm.

33. The light-emitting element according to any one of Claims 21 to 23, 30 and 31,
wherein the inorganic compound has an electron-accepting property with respect to the

organic compound.

34. The light-emitting element according to any one of Claims 21 to 23, 30 and 31,

wherein the inorganic compound is an oxide of a transition metal.

35. The light-emitting element according to any one of Claims 21 to 23, 30 and 31,
wherein the inorganic compound is an oxide of a metal belonging to any of Group 4 to

Group 8 in the periodic table.

36. The light-emitting element according to any one of Claims 21 to 23, 30 and 31,
wherein the inorganic compound is any of vanadium oxide, niobium oxide, tantalum
oxide, chromium oxide, molybdenum oxide, tungsten oxide, manganese oxide, and

thenium oxide.

37. A light-emitting device comprising;:
the light-emitting element according to any one of Claims 1 to 3, 10, 11, 21 to
23, 30 and 31; and

controlling means for controlling light emission of the light-emitting element.

38. An electronic appliance comprising:
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a display portion;
the light-emitting element according to any one of Claims 1 to 3, 10, 11, 21 to
23, 30 and 31; and

controlling means for controlling light emission of the light—emittiﬁg element.



WO 2007/013478 PCT/JP2006/314710

1/25

2
00
//////

103 / 102
101, @Ugm

L

FIG. 1C o
Wm Light

O NN
2
.
=

)

=

S
oo
[] ©
w
\
| S
N
-
[t}
=




WO 2007/013478

PCT/JP2006/314710

2/25

2.
o
DR

DO
G,

YA\

302

107
<

~
.
"

Wi

N

\

102




WO 2007/013478 PCT/JP2006/314710

3/25
FIG. 4
100 '
\q-; Sample 1 ,
e 60 f ‘ ‘
4]
e Comparative Sample 2
& 40 |
C
5 .
|._
20
O 1 1 ] 1 . i i
450 500 550 600 650 700 750 800
Wavelength (nm)
FIG. 5
100
80 K\
S Sample 5
O 60 |
< Sample 6
;:tg Sample 4 Sample 3
g 40 |
o)
o
l._
20
O 1 1 1 1 ) 1

450 500 550 600 650 700 750 800
Wavelength (nm)



WO 2007/013478 PCT/JP2006/314710

4/25
10 - — : : ! ..ie_
X : o’
i X !gU.
i . ) .
L A SV ‘- .UU.U ..... e
E 855
:EE\ - -851
~ i uo’
-'QC-; 0.1 SR ERARERLEL ..go ................ e
bl o . O . .
s - ‘MO o Comparative Light—
&) i : .go Emitting Element 1
001 k--nneon- .. MOL........ m Light-Emitting
2 : mo Element 1
[ mo . :
i : w0 E :
0001 1 1 ] i 1 1 1 Il Fl i 1 1 1 Il i 1 1 1 Il i 1 1 5 1
0 2 : 4 6 8 10

Voltage (V)

FIG. 7

10000 ¢ X ol
R . n .
X ;.5550 :
- : L. M0 .
~ 1000 L--oeeoo... et A S
1000 ¢ A noO | :
£ g . . mgo ! .
3 - m5C
8 - ' s} .
. ,\Ho . .
8 100 f---mmmemeoeeie R R 1o
S - : .:‘? o Comparative Light—-
E i : " | Emitting Element 1
3 10 beeneeamaaaad "o, l..... m |ight—Emitting
2 : : Element 1
N Eo .
A u®
1 L 1 i i ; i [} i 1. ; L 1 1 1 ; ] i i 1 1 i [ L 1
0 2 4 6 8 10

Voltage (V)



WO 2007/013478 PCT/JP2006/314710

5/25

20 .

18 Frovcmrrnrnens S RRRLEEEE LR RS EEPEPTPRPRERS
S p A A [ i
S 14 Frronennns R T F Y T TITLNC
> % © 0 ®oo0,4o 0 0000000500000
O 12 provrrrmmiri e AL L EEL LR
T OSSR SO S S
N R
o 8 | .77 o Gomparative Light—| 7"
§ 6 F------------ T T +| Emitting Element 1 |...
=R e . | w Light-Emitting
o - Element 1

A s pTTrmeememeoes s

O : Illlllli ] 1 lilﬂlli 1 lll!ill; L L1 1 1114

1 10 100 1000 10000

Luminance (cd/m2)

FIG. 9

10

g : XZXZAE
[ : XX
22
22
L RRRRREERIE EETTPL LT ELCPRRIN SRR
—~ E .xx
fE/ I ' : .QXA . .
=S o Y TR A e r e e eaaaan L 2
.§ 0.1 § : Y-S : .
5 - zA: a Comparative Light~-
o - : Z : Emitting Element 2
001 g--------- Poeees * ¢ Light—-Emitting
] - o Element 2
C A . ;
B . * . . .
. 0.001 1 1 L t i 1 1 1 1 1 f] [ i L | 1 1 1 1 | 1 1 1 1
0 2 4 6 8 10

Voltage (V)



WO 2007/013478 PCT/JP2006/314710
4 6/25
10000 E
; 5
i . ot !
. POCA
2 : .AA
S 1000 E--------- ERREEEEREE Ak > ARREEDI CECRLEEERE: ERTRCRRE
£ - ' +0A
£ - : by
B i : N
g 100 k---e----- NPt (i SEETT SO FUUSS SO
S - : : a Comparative Light—
é 2 ZA Emitting Element 2
3 I A ¢ Light—Emitting
10 E T CTTT . |_FElement2
- C s : :
: L. : : :
1 Lt T i L [l L i bt
0 2 4 6 8 10
Voltage (V)
20 ¢ . .
18 Froeveemennes Pereeeeens SRRREELTEITEE-EECPRRTREPPRS
g 16 Fro---mrmrriebeemeieees -------------- prommrr
14 -y TR CUNT cA‘ TET T e e e eved
§ 12 :-------------“--'"""-"'E"é"é-'"'A‘AE'AAA'A"A'AAAA
:8 10 Foroereneees R ARt R LR R T TR T T R
- 8 T T - | & Comparative Light—|" "~
S 6 Frrorierean-- 1 Emitting Element 2 |...
5 4 Eiin e .| ¢ Light-Emitting
© - : Element 2
2 ; ........................................................
0 : [ Lt tl I [} | ) l 1 1 1111 lII 1 (] 1t 11t
1 10 100 1000 10000

Luminance (cd/m2)



WO 2007/013478 . PCT/JP2006/314710

7/25
10 : A 50
- . "‘OO
C - AcC
: a8¢
A8°™:
[ R R LR LY PR LR Pl 666 ----- L R
~ g NG
< B 66:
\E; B 66 .
RN I E — s S
o F o , ,
= ¥ . .8 | o Comparative Light—
&} : . 30 Emitting Element 3
0.01 T S . 3;____ A Light-Emitting
F : WO Element 3
A O !
I P 0 o : ,
0.001 1 1 1 1 i 1 1 ] L [ 1 Il i 1 ] ! 1 1 1 i 1 1 1 1
0 2 4 6 8 - 10
Voltage (V)
10000 ¢ A0
z z s a8
X ! ‘AOOO
| : : : aAO
: X 5600 .
~ 1000 g--------- oo oA AR
= 3 : Y :
S X : VS '
AO
L - - . a0
___________ e eea....AO . :
‘ § 100 2 ; gb - | o Comparative Light-
g - ' Y Emitting Element 3
g - . A® . A Light-Emitting
- 10 Frrooemoees Frese R R Element 3
- 40 :
- ' ‘ :
1 'l i 1 1 1 F6>) 1 i 1 [ 1 1 1 i 1 Il 1
0 2 4 6 8 10

Voltage (V)



PCT/JP2006/314710

WO 2007/013478
‘ 8/25

20 = :

L R S S
2 16 Feeeeeeeenne A AR SR
> - : o . \
S 14 F-oeeeeeiies T wC A CwiTaTa A ANAAANAA- ALAAS
3 g RO e 995505 000600000 cooeod
o R SRR -
S 10 froreoe e
& - : : :

- 8 Frorrrrrrirre e o Comparative Light—| "
S 6 : _____________________________ Emitting Element 3 |__
g - A Light—-Emitting
o 4 -l Element.S
A R R R R R
O - [ Leed 1 [INEEEE 1 1 lllllli ] (AR
1 10 100 1000 10000
Luminance (cd/m2)
0 E : .OE,EDD
N : ‘ P el
: : o2
i . . Q’DD.
I S SN SRR ST . < wt SO
3 : :aaﬁ :
< : ; ol ;
E [ B 5
P R - U R SO SN S
. “t’ - ! o0 : :
3 - o o Comparative Light—
] : ol Emitting Element 4
0.01 fro-oeeee A S o Light-Emitting |
- <@ .
= o Element 4
B . N . .
i o . .
0.001 1 i i Il 1 .l 1 1 1 1 ] i 1 1 1 Il 1 1 1 1 1
0 2 4 6 8 10

Voltage (V)



PCT/JP2006/314710

WO 2007/013478
9/25
10000 E : RS
; = i
[ :..EEEI :
. ’DD
0
~ 1000 [f---vmrmremmee i P R R EEEEEEREED
N o ] .D T
£ - : a
% B : .[’]G
L D eO
8 100 pro-eeeeeibaeaoannn O Rt EECEEEERE-SPRRP
S n ) : :
£ Z ou. o Comparative Light—
£ . o0 Emitting Element 4
S 1o T S D ¢ Light—Emitting
F Element 4
i o0 : :
A o"
1 1 1 P | {1 ] L [} 1 ; ] Il 1
0 2 4 6 8 10
Voltage V)
20 ¢ X
L R AR S—
g 16 Fro-vmmmmmmre b AR .
O 14 Frgrrrmomrg--g--gn-- e a o - *--0-00-00009 0000
- £ ‘o %Yo Uaaggunummnunmm
g 12 S N STTTTtrnmeeme
5 10 Freeee s e
= - )
L 8 i ) - ; ; --
e : . | o Comparative Light-
O 6 oo -1 Emitting Element 4 |--
g 4 FEoeeoaeniant L I TPREE -1 Light—Emitting
- . : : Element
2 frorrreieeeees proemeeeeees Pt AR
O : i ) Illllli 1 [] Illi 1 1 ll||lli 1 1 Lt s 4t
1 10 100 1000 10000

Luminance (cd/m2)



PCT/JP2006/314710

WO 2007/013478
10/25
10 3 : _— ii'
N . N .ﬁ.
[ L 65‘?
1 i L I I I -\:--e-‘eee-~--s -----------
— - gﬂe
£ I eﬁg’? :
- ﬁ,’ o Comparative Light—
5 0.1 T Yottt v aﬁe’ Tt Emitting Element 5 |-
g " ée.. a Comparative Light—
O i : 36‘0 Emitting Element 6
U SO o ] ® Light-Emitting
0.01 3 ‘ ﬁeo . Element 5
X g * |  Light-Emitting
- . * . Element 6
0.001 1 i 1 1 1 1 A 1 1 i t 1 1 i i 1 1 [l Il i 1 Il I i
0 2 4 6 8 10
Voltage (V)
10000 E . iilﬁ
B : : : ==l' :
- : : ‘nl :
~ 1000 E---------- “ -------- AR sgga" ----------
[a\] - N . « '
E C . f sg ’ .
AN F sfe .
L i : 55 o Comparative Light—
8 100 fre-eeee--- [ gﬁ PR Emitting Element 5
- § : : Aa_ & Comparative Light-
g C Bg’; Emitting Element 6
5 I : o u Light-Emitting
- 10 ; """"" ,"'"C'A) """ ot Element 5
- ' ' o Light—Emitting
[ 8-. Element 6
" Il ] 1 L 1 1 L] 1 1 1 i 1 L 1 1 1 i 1 1 1 . I 1
0 2 4 6 8 10

Voltage (V)



WO 2007/013478 PCT/JP2006/314710

11/25
14 e .
- . : . Qi ggun NENNNEERE gugg
s rm N . ’. e s :
o~ 12 - e P AR L T 2P IPPer
< - : : :
S0k : 6.AAnn :
10 pooeeees 0T e o b S 588665668 vasaad
> R . . .
o [ ..Q ... e e N : : e
3 8 - s : ;| o Comparative Light—
0 - ‘ X Emitting Element 5
E e (TTTTTTTreeet | a Comparative Light- | ="
= E : : Emitting Element 6
EL.’ 4 prorerrreeereee .| Light-Emitting Element| """
S - ‘ | B ,
&) - . :
A Tt 7 ® Light-Emitting Element|" - - - -
C : ! 6
0 C L i lllllli i 1 Illlll; 1 1 lllllli 1 i L 1144
1 10 - 100 1000 10000

Luminance (cd/m2)

FIG. 21

100 ¢
10 ET e
=
:
X - o
5 01 E----- : .eée mp
&) F ‘ A® Emitting Element 7
X K a Light-Emitting Elemen
001 g----vmviv-e-- A 7 '
= 8 : : :
- Y T . : "
0.001 llllilQllillllillllillllillll

6 8 10 12
Voltage (V)

o
N
o



WO 2007/013478

PCT/JP2006/314710

12/25
10000 3 : : PO
- ; -
: A0
- : ‘g)
o 1000 E--eee Pereanens T = SEPEEREE-PRPPEERE SRR
F P ado .
E F oA
3 : ! ado
8 100 fr---ooembecoeees F 7 o Comparative Light—| -~
§ - 305 Emitting Element 7
= i ‘3 A Light-Emitting
3 I o Element 7
A
[ 8
'l ] 1 (3 1 ; i 1 L L i 1 i ] ) ; 1 ] 1 L i L i i 1 ; 1 i i ]
0 2 4 6 8 10 12
Voltage (V)
14 _
12 foreeeeennenns R R Ty
g X ‘S‘ AA AAAA:AAAAAAA““
o 10 f--reeeeiens A--A o " """"""" L"'bb'o'OOGOQO
Z - X v 0000‘000
5 N . o O 0.0 0O o
S 8 fereeeen 0--t 0. 5.0 R CE T LT T T IOP
1)) - . .
- : :
B o6 oo Pt prottrniies rrtiinieeeees
2 N : o Comparative Light—
o 4 EECEEEEREPRE R LR Emitting Element 7 |-----
8 N : A Light—-Emitting
2 Fereeieees  EEEEEr Element7  |----.
0 C [] | l; (] i llllll; 1 L Illlll; 1 1 1t bt 118
1 10 100 1000 10000

Luminance (cd/m2)



WO 2007/013478 PCT/JP2006/314710

| 13/25
FIG. 24

10 ¢ ‘ .
J SRR R S
S A
E - ; :
TR X 1 “SSS SRRR SO O
o F : :
5 - : o : :
= .
© i : . 4 || a Comparative Light-
001 E--vrmvviien-es lj---~,5A---1- Emitting Element 8 | --
: : " AA : | m Light-Emitting
i . . . | Element 8
S A : :
0.001 e T SO T S I L | NI N TR S TN S T A N T B S
0 2 4 6 8 10 12

Voltage (V)

FIG. 25

10000 ¢ - . X ;
S _;.-? o
- ' : ' ‘AD
[ : : -~ AAA‘? :
g 1000 proeoeefoeeeneb b g
S i : ' om . 8 : :
p : .l Py
L - ', A8 : :
L T s
R - o ' ' A . , .
8 - S
£ . : ., s Comparative Light—
J 10 E-eeeveeree ™Al Emitting Element 8
2 C om & m Light-Emitting Element
A 8
-I 1 E 1 |A; 1 I 1 i 13
0 2 4 6 8 10 12

Voltage (V)



PCT/JP2006/314710

WO 2007/013478
14/25

20 ¢ .

18 Fomeeeeen i RRRTLTPEPEES
o 16 fo Mo im m -a-_-..-..__-.!_-._-_-.!.-_!__-_fﬂ
N g :
A T SO
~ EA A A D DA A AAAAA AAA.AAAAA AMAA
o 12 e LR R R PR PR T R
c »
[ P S
E g Eeerii 2| 8 Comparative Light—|_
LT E ; | Emitting Element 8
g 0 prorooeeeee A |  Light-Emitting
5 4 Foceceeeennn. el ;| Element 8
o u : : :

2 ; .......................... B m e cneena b e e mncomeanea.

0 [ 1 AT RETE 1 o0 1 a091] o1 1oy el i it 83 Fq

1 10 100 1000 10000

Luminance (cd/m?)

Current (mA)
o

A ‘ : AA ‘la Comparative Light—
001 E-------- RRREEEE: EERREE a---n Emitting Element 9
: : m . % ! wLight-Emitting Element
i : = ‘: A S 9
[ ; : o ; : :
0.001 TN B R S N RET PR N SR ST S S Y T | J N I Y I DO R Y T S I
0 2 4 6 8 10 12

Voltage (V)



WO 2007/013478 PCT/JP2006/314710

| 15/25
FIG. 28

10000 — T : X &
I
B . . . AN .
I : S -"... A :
~ 1000 E----r-rmpemenenes e R B e
N - s . u ' A . .
£ - : : s '
5 i C M
3] - : ‘A
~ . , u A . .
§ 100 frorrreioe e e
G - : : s : :
c B f .
€ i '.: a8 . | a Comparative Light—
3 m . A Emitting Element 9
10 Frovvrmmmtomenas R o .
- " ., + | m Light—Emitting
- N ol Elerpent 9
» A *
1 1 1 | I |;£| { 1 [ 1 1 1
0 2 4 6 8 10 12

20 \ .

18 Frovveeeeenn- EEREEERES EEFPEPPRP PR
$ 16 fr----vrennnn- Pomreeeeneees R P
\; . s mm RN iinﬁ
812 Frreemeeeeees P R RETIE P
e C . f
:qé 10 E A A ks A----B-8-8-A-a-5--0.80.0AMLA .AAAAN
i - : : :

L 8 FA-- A et
t : a Comparative Light—
o 6 ET T Tt Emitting Element 9 | """~
8 4 Fro-eemrre ® Light-Emitting  {-----
2 U S Element9 |
0 a |||n; 1 [N AR RN | L Lottt 1qqd 1 1 1141
1 10 100 1000 10000

Luminance (cd/m2)



WO 2007/013478 PCT/JP2006/314710

16/25
FIG. 30

10 g ,
) S s M
2 : § :
E - : :
€ 01 fo---e-- frmmeee-
g - : :
5 - i al ; :
© - : " a" i | 8 Comparative Light-
001 f-------i------Bo AL 00 Emitting Element 10|
E ' m ' . .
: : N . | ® Light—-Emitting
- . ® s : | Element 10
I . m .8 : . .
0-001 IlllAlllll|AlllI|lllll!llllllll
0 2 4 6 8 10 12
Voltage (V)
10000
I B
X : : : CA .
- . : : A0 :
i : : -'-.— 28 ;
« 1000 g-------- prorerrere gl
£ : : AL RS ;
% i S.'. SAA
3 i ; ] 5 : ;
8 100 f---e-ee- eennne . At beeeeane b
e E : m A . : :
& o N f A ¢ . .
£ N . A - : :
= - . > | a Comparative Light~
4 10 E-------- :-----'~--:--¢---- Emitting Element 10
F A m Light-Emitting Element
Coom
B n WA 10
- : 4 ; ; ;
'l 1||||||1|A||||||||1|||1||l||11
0 2 4 6 8 10 12

Voltage (V)



WO 2007/013478 PCT/JP2006/314710

. 17/25
20
18 Fr-ommmeeeee R LR PP R PR
S L T RRRRTE N P
814 E et w..W oy I--.!.'.F.'..'...!...-..!.'..
E‘lz é-.--.----.--- ............................. e
c - A A DD o AAAAA AAAAAAAAAAAAAA
--g 10 EB-- B e
TR S TR LT TP reseeaaeiian.
£ E : a Comparative Light—
2 6 FT T P Emitting Element 10| """
S 4 Froeieens P ® Light-Emitting
9 S S Element 10
0 : 1 i i Illll; 1 ] 1 Illll; i L L lilll; L i 1Lttt
1 10 100 1000 10000

Luminance (cd/m2)



PCT/JP2006/314710

WO 2007/013478

18/25

i

moo\r\ \\\ 7 m\

. /
T \\\\\\
1y
/i

=

|
|
T
{
{

.

Hnn X1 ] L
i i
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\VQ/\A\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ /\\\\\\\\

€09

¥09

- 019

¥09

dee old

VEE Old



PCT/JP2006/314710

WO 2007/013478

19/25

S
R

ot

R
R
iRt

S

SR

GG6
966

ve Ol



WO 2007/013478 PCT/JP2006/314710

9104 I3
~~9104

FIG. 358 9202 -




WO 2007/013478 PCT/JP2006/314710

21/25

. 901

. >
902 - 905

903
906

904



WO 2007/013478 PCT/JP2006/314710

4 22/25
0.7
0.6
505 |
Z
“cé 04 1 Comparative Sample 2
£03 |
O
é’ 02 | Sample 1
0.1 /7@ -
0 1 i1 1 ‘l 1 1 -
450 500 550 600 650 700 750 800
Wavelength (nm)
04
3
I
9 Sample 4
§ Sample 5
502 [ Sample 3 Sample 6
2
<
O ! 1 1] 1 1

450 500 550 600 650 700 750 800
Wavelength (nm)



WO 2007/013478 PCT/JP2006/314710

23/25

100 ¢
LU R R ERSTRRIEe
EO1peies
- u
s -
8 =
5 00 e
O - F ——
- m Light-Emitting
i . Element 11
0.01 fF--ormmemmoeey R AR TE e T
0.001 : - —
0 5 10 15
Voltage (V)
10000 ¢
Q 1000 E-revereeiniannns PR
= a .
\ -
35 X
S i :
6 100 f--r-eiremiiiiies
C - '
. © r
£ A
= i
3
~ 10 frooememmmmmeeenns
1 '
0 5 10 15

Voltage (V)



WO 2007/013478 PCT/JP2006/314710

A 24/25

2 2 ; .

18 proromoeeee Pt R
<16 Froeemmemne-s P L T q""!‘ ----------
% - a®. .

L 14 5-.----'-- ----- L R R LT

l: %

O 1.2 Frommmmmrmmbr s oARRLEEE

S - [ |

T 1 ek

& =

U LR SITEITEPIPEE SUSIURIUIss S

c R m Light—Emitting |: u

§0‘6 - + 77| Element 11 [ C I

80.4 §~~ -------------
R S S

O - 1 i 11 831) (I} [ 114 |; 1 1.1 13111
1 10 100 1000 10000

Luminance (cd/m2)



10

15

20

25

WO 2007/013478 PCT/JP2006/314710

25/25

EXPLANATION OF REFERENCE

101: SUBSTRATE, 102: FIRST ELECTRODE, 103: FIRST LAYER, 104:

SECOND LAYER, 105: THIRD LAYER, 106: FOURTH LAYER, 107: SECOND
ELECTRODE, 108: LAYER CONTAINING SUBSTANCE HAVING HIGH
HOLE-TRANSPORTING PROPERTY, 302: FIRST ELECTRODE, 303: FIRST
LAYER, 304: SECOND LAYER, 305: THIRD LAYER, 306: FOURTH LAYER,

307: SECOND ELECTRODE, 601: SOURCE SIDE DRIVER.CIRCUIT, 602:

PIXEL PORTION, 603: GATE SIDE DRIVER CIRCUIT, 604: SEALING
SUBSTRATE, 605: SEALING MATERIAL, 607: SPACE, 608: WIRE, 609:

FPC (FLEXIBLE PRINTED CIRCUIT), 610: ELEMENT SUBSTRATE, 611:

SWITCHING TFT, 612: CURRENT CONTROL TFT, 613: FIRST ELECTRODE,

614: INSULATOR, 616: LAYER CONTAINING LIGHT-EMITTING SUBSTANCE,

617: SECOND ELECTRODE, 618: LIGHT-EMITTING ELEMENT, 623:

N-CHANNEL TFT, 624: P-CHANNEL TFT, 901: HOUSING, 902: LIQUID
CRYSTAL LAYER, 903: BACKLIGHT, 904: HOUSING, 905: DRIVER IC, 906:

TERMINAL, 951: SUBSTRATE, 952: ELECTRODE, 953: INSULATING LAYER,

954: PARTITION WALL LAYER, 955: LAYER CONTAINING LIGHT-EMITTING
SUBSTANCE, 956: ELECTRODE, 9101: HOUSING, 9102: SUPPORTER, 9103:

DISPLAY PORTION, 9104: SPEAKER PORTION, 9105: VIDEO [INPUT
TERMINAL, 9201: MAIN BODY, 9202: HOUSING, 9203: DISPLAY PORTION,

9204: KEYBOARD, 9205: EXTERNAL CONNECTION PORT, 9206: POINTING
MOUSE, 9401: MAIN BODY, 9402: HOUSING, 9403: DISPLAY PORTION,

9404: AUDIO INPUT PORTION, 9405: AUDIO OUTPUT PORTION, 9406:

OPERATION KEY, 9407: EXTERNAL CONNECTION PORT, 9408: ANTENNA,

9501: MAIN BODY, 9502: DISPLAY PORTION, 9503: HOUSING, 9504:

EXTERNAL CONNECTION PORT, 9505: REMOTE CONTROL RECEIVING PORTION,
9506: IMAGE RECEIVING PORTION, 9507: BATTERY, 9508: AUDIO INPUT
PORTION, 9509: OPERATION KEY, AND 9510: EYEPIECE PORTION.
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