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layers is formed of a layer containing
a light emitting material, and the layer
containing a light emitting material is

interposed between a layer containing an oxide semiconductor and/or metal oxide and a material having a higher hole transporting
property than an electron transporting property, and a layer containing an oxide semiconductor and/or metal oxide, a material
having a higher electron transporting property than a hole transporting property and a material which can donate electrons to the
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DESCRIPTION

LIGHT EMITTING ELEMENT AND DISPLAY DEVICE USING THE SAME

TECHNICAL FIELD
[0001]
The present invention relates to a light emitting element in which a plurality of
layers is interposed between a pair of electrodes. The invention also relates to a

display device using the light emitting element.

‘BACKGROUND ART
[0002]

In recent years, a device utilizing light emission from an electroluminescent
element (light emitting element) has attracted attention as a device for display, lighting,
or the like. As the light emitting element used in such a device, well-known is a light
emitting element in which a layer containing a light emitting compound is interposed
between a pair of electrodes.

[0003]

In such a light emitting element, a hole injected from one of the electrodes is
recombined with an electron injected from the other to form an excited molecule.
When the excited molecule returns to a ground state, light is emitted.

[0004]

Meanwhile, there is a strong demand particularly for lower power consumption
of a display device to be incorporated in various information processing devices which
has been rapidly developed in recent years. In order to achieve this, it has been
attempted to lower the drive voltage of the light emitting element. In view of
commercialization, it is also important not only to lower the drive voltage but also to
extend the life of the light emitting element. Thus, a light emitting element to achieve

this is under development.
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[0005]

For example, Reference 1 aims to realize lower drive voltage and longer life of
the light emitting element by using, as an anode, metal oxide with a high work function,
such as molybdenum oxide (Reference 1: Japanese Patent Laid-Open No. 9-63771).
[0006]

However, the method disclosed in Reference 1 cannot provide the element with
sufficient reliability, and has not reached a practical level. Therefore, technology

development to realize reliability or further longer life of the element has been needed.

DISCLOSURE OF INVENTION
[0007]

It is an object of the invention to provide a highly reliable light emitting
element with low drive voltage and longer life than a conventional light emitting
element, and a display device using the light emitting element.

[0008]

One feature of a light emitting element according to the invention is to
comprise a plurality of layers which is interposed between a pair of electrodes opposed
to each other, in which at least one of the plurality of layers is formed of a layer
containing a light emitting material, and the layer containing a light emitting material is
interposed between a layer containing an oxide semiconductor and/or metal oxide and a
material having a higher hole transporting property than an electron transporting
property and a layer containing an oxide semiconductor and/or metal oxide and a
material having a higher electron transporting property than a hole transporting
property.

[0009]

Note that the plurality of layers in the above structure is formed by combining
layers formed of a highly carrier injecting material, a highly carrier transporting
material, and the like so that a light emitting region is formed away from the electrodes.
[0010]

Another feature of a light emitting element according to the invention is to
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comprise a first layer, a second layer, and a third layer sequentially laminated between a
first electrode and a second electrode opposed to each other, in which the first layer
contains an oxide semiconductor and/or metal oxide and a material having a higher hole
transporting property than an electron transporting property, the second layer contains a
light emitting material, and the third layer contains an oxide semiconductor and/or metal
oxide and a material having a higher electron transporting property than a hole
transporting property.

[0011]

Still another feature of a light emitting element according to the invention is to
comprise a first layer, a second layer, a third layer, and a fourth layer sequentially
laminated between a first electrode and a second electrode opposed to each other, in
which the first layer contains an oxide semiconductor and/or metal oxide and a material
having a higher hole transporting property than an electron transporting property, the
second layer contains a light emitting material, the third layer contains an oxide
semiconductor and/or metal oxide and a material having a higher electron transporting
property than a hole transporting property, and the fourth layer contains an oxide
semiconductor and/or metal oxide, a material having a higher electron transporting
property than a hole transporting property, and a material which can donate electrons to
the material having a higher electron transporting property than a hole transporting
property.

[0012]

Yet another feature of a light emitting element according to the invention is to
comprise a first layer, a second layer, a third layer, and a fourth layer sequentially
laminated between a first electrode and a second electrode opposed to each other, in
which the first layer contains an oxide semiconductor and/or metal oxide and a material
having a higher hole transporting property than an electron transporting property, the
second layer contains a light emitting material, the third layer contains an oxide
semiconductor and/or metal oxide, a material having a higher electron transporting
property than a hole transporting property, and a material which can donate electrons to

the material having a higher electron transporting property than a hole transporting
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property, and the fourth layer contains an oxide semiconductor and/or metal oxide and a
material having a higher hole transporting property than an electron transporting
property.

[0013]

Further, another feature of a light emitting element according to the structure of
the above-described light emitting element is to newly provide a layer containing an
oxide semiconductor and/or metal oxide and a material having a higher hole
transporting property than an electron transporting property so as to be in contact with
the second electrode. Note that the layer to be newly provided may be formed using
the same material as the first layer.

[0014] '

A light emitting element with little increase in resistance associated with
thickening of a layer in the light emitting element can be obtained by a-synergistic effect
of forming the layer with a combination of an organic material and an inorganic
material. Accordingly, a distance between the electrodes can be increased by forming
a thick light emitting element interposed between a pair of electrodes, without increase
in drive voltage. Therefore, a short circuit between the electrodes can be prevented
and reliability of the light emitting element can be improved.

[0015]

In addition, a highly reliable display device, which can prevent defects
associated with a short circuit between the electrodes and withstand the use for a long
period of time, can be obtained by applying the light emitting element obtained

according to the invention to the display device.
BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1A to 1C show a structure of a light emitting element according to the
present invention.
FIGS. 2A to 2C show a structure of a light emitting element according to the

present invention.
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FIGS. 3A to 3C show a structure of a light emitting element according to the
present invention.

FIGS. 4A to 4C show a structure of a light emitting element according to the
present invention.

FIGS. 5A to 5C show a structure of a light emitting element according to the
present invention.

FIGS. 6A to 6C show a cross section of a display device using a light emitting
element according to the present invention.

FIG. 7 shows an upper surface of a panel of a display device according to the
present invention.

FIG. 8 shows a circuit in a pixel portion of a display device according to the
present invention.

FIG. 9 shows a pixel portion of a display device using a light emitting element
according to the present invention.

FIGS. 10A to 10H show display devices using a light emitting element
according to the present invention.

FIG. 11 shows MoO; concentration-drive voltage characteristics of a light
emitting element.

FIG. 12 shows MoOy concentration-current efficiency characteristics of a light
emitting element.

FIGS. 13A to 13C show characteristics of an element structure according to the

present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[0016]

Embodiment modes and embodiments of the present invention will be
explained with reference to the drawings. However, the present invention is not
limited to the following description. As is easily known to a person skilled in the art,
the mode and the detail of the invention can be variously changed without departing

from the spirit and the scope of the present invention. Thus, the present invention is
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not interpreted while limiting to the following description of the embodiment modes
and embodiments. Note that the same reference numeral is commonly used to denote
the same component among the different drawings in the structure of the present
invention described below.

(Embodiment Mode 1)

[0017]

In this embodiment mode, one mode of a light emitting element is hereinafter
explained with reference to FIGS. 1Ato 1C.
[0018]

In this embodiment mode, a light emitting element 110 is provided over a
substrate 101 for supporting it, and includes a first electrode 102, a first layer 103, a
second layer 104, and a third layer 105 sequentially laminated over the first electrode
102, and a second electrode 106 provided thereover (FIGS. 1A to 1C).

[0019]

The substrate 101 may be a glass substrate of, for example, barium borosilicate
glass, aluminoborosilicate glass, or the like, a quartz substrate, a ceramic substrate, or
the like. Alternatively, a substrate made from a synthetic resin having flexibility, such
as plastics, may be used. Note that a surface of the substrate 101 may be planarized in
advance by polishing with a CMP method.

[0020]

The first electrode 102 is preferably formed of metal, an alloy, a conductive
compound, a mixture thereof, or the like, having a high work function (preferably, of
4.0 eV or more). Specifically, a light-transmitting conductive oxide material such as
indium tin oxide (ITO), zinc oxide (ZnO), indium zinc oxide (IZO), silicon-containing
indium tin oxide, or gallium-doped zinc oxide (GZO) can be used. Alternatively, the
first electrode 102 may have a single-layer or laminated structure of one of elements
such as gold (Au), platinum (Pt), nickel (Ni), tungsten (W), chromium (Cr),
molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu), palladium (Pd), aluminum (Al),
manganese (Mn), and titanium (Ti), an alloy containing a plurality of the elements, or 2

layer containing the element and carbon (C). As the alloy containing a plurality of the
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elements, an alloy containing Al, Ti, and C, an alloy containing Al and Ni or Al and C,
an alloy containing Al, Ni, and C, an alloy containing Al and Mo, or the like can be used.
When Al is used for the electrode, it has an advantage of high reflectivity in the case
where the electrode is intended to reflect light emitted from a light emitting layer.

[0021]

- The first layer 103 is a layer containing a compound selected from an oxide
semiconductor or metal oxide and a highly hole transporting material. As a specific
example of the oxide semiconductor or metal oxide, molybdenum oxide (MoOy),
vanadium oxide (VOy), ruthenium oxide (RuOy), tungsten oxide (WOy), cobalt oxide
(CoOy), nickel oxide (NiOy), copper oxide (CuOy), or the like can be give.
Alternatively, indium tin oxide (ITO), zinc oxide (ZnO), or the like can be used. Asa

highly hole transporting material, an aromatic amine compound (in other words, a

compound having a benzene ring-nitrogen bond) such as
4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl (abbr.: o-NPD),
4,4'-bis[N-(3-methylphenyl)-N-phenylaminobiphenyl (abbr.: TPD),
4,4' 4"-tris(N,N-diphenylamino)triphenylamine (abbr.: TDATA),

4,4’ A"-tris[N-(3-methylphenyl)-N-phenylamino]triphenylamine (abbr.. MTDATA), or
4,4'-bis(N-(4-(N,N-di-m-tolylamino)phenyl)-N-phenylamino)biphenyl (abbr.. DNTPD);
or a phthalocyanine compound such as phthalocyanine (abbr.:. HjPc), copper
phthalocyanine (abbr.: CuPc), or vanadyl phthalbcyanine (abbr.: VOPc) can be used.
The materials described here are mainly materials having hole mobility of 10 cm?/Vs
or more. However, a material other than the above-described materials may be used as
long as it has a higher hole transporting property than an electron transporting property.
[0022]

The first layer 103 having such a structure as described above is a highly hole
injecting layer. In the first layer 103, aggregation of the oxide semiconductor or metal
oxide is suppressed by the highly hole transporting material included in the layer. In
other words, crystallization of the first layer 103 is suppressed. Note that the first layer
103 may have not only such a single layer structure as described above but also a

laminated structure of two or more layers, for example, layers containing a
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semiconductor and a highly hole transporting compound and having different mixing
ratios thereof. Since the above-described structure can suppress crystallization of the
layer containing a compound selected from an oxide semiconductor or metal oxide and
a material having a higher hole transporting property than an electron transporting
property, a layer with little increase in resistance even when formed thickly can be
formed.

[0023]

The first layer 103 may also contains a compound having large steric hindrance
(having not a planar structure but a spatial structure), in addition to the compound
selected from an oxide semiconductor or metal oxide and the highly hole transporting
compound. As the compound having large steric  hindrance,
5,6,11,12-tetraphenyltetracene  (abbr.. rubrene) is preferable. Alternatively,
hexaphenylbenzene, t-butylperylene, 9,10-di(phenyl)anthracene, coumarin 545T, or the
like can be used. Further, a dendrimer or the like is also effective.

[0024]

The second layer 104 is formed of a layer containing a highly light emitting
material. The second layer 104 containing a light emitting material is roughly divided
into two types. One is a layer which contains a light emitting material to be a light
emitting center, dispersed in a layer formed of a material having a larger energy gap
than that of the light emitting material. The other is a layer in which a light emitting
layer is formed only of a light emitting material. The former is a preferable structure,
since concentration quenching is hard to occur in the former. As the light emitting
material to be a light emitting center,
4-dicyanomethylene-2-methyl-6-[2-(1,1,7,7-tetramethyljulolidine-9-yl)ethenyl}-4H-pyr
an (abbr.: DCIT);
4-dicyanomethylene-2-t-butyl-6-[2-(1,1,7,7-tetramethyljulolidine-9-yl)ethenyl]-4H-pyra
n; periflanthene; 2,5-dicyano-1,4-bis[2-(10-methoxy-1,1,7,7-tetramethyl
julolidine-9-yl)ethenyl]benzene; N,N'-dimethyl quinacridon (abbr.: DMQd); coumarin
6; coumarin 545T, tris(8-quinolinolato)aluminum (abbr.: Algs); 9,9'-bianthryl;
9,10-diphenylanthracene (abbr.. DPA); 9,10-bis(2-naphthyl)anthracene (abbr.: DNA);
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2,5,8,11-tetra-t-butylperylene (abbr.: TBP); or the like can be used. As a material to be
a base material in the case of forming the layer in which the light emitting material is
dispersed, an anthracene derivative such as 9,10-di(2-naphthyl)-2-tert-butylanthracene
(abbr.: t-BuDNA), a carbazole derivative such as 4,4'-bis(N-carbazolyl)biphenyl (abbr.:

CBP), a metal complex such as tris(8-quinolinolato)aluminum (abbr.: Algs),

tris(4-methyl-8-quinolinolato)aluminum (abbr.: Almags),
bis(10-hydroxybenzo[h]-quinolinato)beryllium (abbr.: BeBqy),
bis(2-methyl-8-quinolinolato)-4-phenylphenolate-aluminum (abbr.: BAlq),
bis[2-(2-hydroxypheyl)pyridinato]zinc (abbr.: Znppy), or

bis[2-(2-hydroxypheyl)benzoxazolate]zinc (abbr.: ZnBOX), or the like can be used.
As the material which can form the second layer 104 only of a light emitting material,
tris(8-quinolinolato)aluminum (abbr.: Algs); 9,10-bis(2-naphthyl)anthracene (abbr.:
DNA); bis(2-methyl-8-quinolinolato)-4-phenylphenolate-aluminum (abbr.: BAlq); or
the like can be used. ‘
[0025]

The second layer 104 may be formed with a single layer or a plurality of layers.
A hole transport layer may be provided between the layer in the second layer 104, in
which a light emitting material is dispersed, and the first layer 103, and an electron
transporting layer may be provided between the layer in the second layer 104, in which
a light emitting material is dispersed, and the third layer 105. Either, Both, or neither
of these layers may be provided. As a material of the hole transporting layer, an
aromatic amine compound (in other words, a compound having a benzene ring-nitrogen
bond) such as 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl (abbr.: a-NPD),
4,4'-bis[N-(3-methylphenyl)-N-phenylamino]biphenyl (abbr.: TPD),
4,4’ ,4"-tris(N,N-diphenylamino)triphenylamine (abbr.: TDATA),
4,;1’,4”-tris[N-(3-methylphenyl)-N-phenylamino]triphenylamine (abbr.: MTDATA), or
4,4'-bis(N-(4-(N,N-di-m-tolylamino)pheny!)-N-phenylamino)biphenyl (abbr.: DNTPD);
or a phthalocyanine compound such as phthalocyanine (abbr.:. H,Pc), copper
phthalocyanine (abbr.: CuPc), or vanadyl phthalocyanine (abbr.: VOPc) can be used.

As a material of the electron transporting layer, a metal complex having a quinoline
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skeleton or a benzoquinoline skeleton such as tris(8-quinolinolato)aluminum (abb.:
Algs), tris(4-methyl-8-quinolinolato)aluminum (abbr.: Almgs),
bis(10-hydroxybenzo[h]-quinolinato)beryllium (abbr.: BeBqy), or
bis(2-methyl-8-quinolinolato)-4-phenylphenolato-aluminum (abbr.: BAIQ), or the like
can be used. Alternatively, a material of a metal complex having an oxazole or
thiazole ligand such as bis[2-(2-hydroxyphenyl)benzoxazolate]zinc (abbr.: Zn(BOX),)
or bis[2-(2-hydroxyphenyl)benzothiazolate]zinc (abbr.: Zn(BTZ),), or the like can be

used. In addition to the metal complex, a ‘compound such as
2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (abbr.: PBD),
1,3-bis[5-(p-tert-butylphenyl)-1,3,4-oxadiazole-2-yl]benzene (abbr.: OXD-7),
3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenylyl)-1,2,4-triazole (abbr.: TAZ),
3-(4-tert-butylphenyl)-4-(4-ethylphenyl)-5-(4-biphenylyl)-1,2,4-triazole (abbr.:

p-EtTAZ), bathophenanthroline (abbr.: BPhen), or bathocuproin (abbr.: BCP), or the
like can be used.
[0026]

The third layer 105 can be formed of a layer containing a compound selected
from an oxide semiconductor or metal oxide and a highly electron transporting material.
In this case, for example, lithium oxide (LiOy), sodium oxide (NaOy), or the like can be
used as the oxide semiconductor or metal oxide.

[0027]

The present invention is not limited to the above structure, and the third layer
105 may be formed of a layer containing a compound selected from an oxide
semiconductor or metal oxide, a highly electron transporting material, an electron
donating material which can donate electrons to the electron transporting material. In
this case, as the oxide semiconductor or metal oxide, molybdenum oxide (MoOy),
vanadium oxide (VOy), ruthenium oxide (RuOy), tungsten oxide (WOy), cobalt oxide
(CoOy), nickel oxide (NiOy), copper oxide (CuOy), or the like can be used.
Alternatively, indium tin oxide (ITO); zinc oxide (ZnO), lithium oxide (LiOy), sodium

oxide (NaOy), or the like can be used.
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[0028]
~ As the highly electron transporting material in the above structure, a material

formed of a metal complex having a quinoline skeleton or a benzoquinoline skeleton

such as tris(8-quinolinolato)aluminum (abbr.: Algs),
tris(4-methyl-8-quinolinolato)aluminum (abbr.: Almags),
bis(10-hydroxybenzo[h]-quinolinato)beryllium (abbr.: BeBqy), or

bis(2-methyl-8-quinolinolato)-4-phenylphenolato-aluminum (abbr.: BAlQ), or the like
can be used. Alternatively, a material of a metal complex having an oxazole or
thiazole ligand such as bis[2-(2-hydroxyphenyl)benzoxazolate]zinc (abbr.: Zn(BOX).)
or bis[2-(2-hydroxyphenyl)benzothiazolate]zinc (abbr.: Zn(BTZ),), or the like can be

used. In addition ~ to the metal complex,
2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-0xadiazole (abbr.: PBD);
1,3-bis[5-(p-tert-butylphenyl)-1,3,4-oxadiazole-2-yl]benzene (abbr.: OXD-7);
3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenylyl)-1,2,4-triazole (abbr.: TAZ);
3-(4-tert-butylphenyl)-4-(4-ethylphenyl)-5-(4-biphenylyl)-1,2,4-triazole (abbr.:

p-EtTAZ); bathophenanthroline (abbr.: BPhen); bathocuproin (abbr.: BCP); or the like
can be used. The materials described here are mainly materials having electron
mobility of 10 cm?/Vs or more. A material other than the above-described materials
can be used for the third layer 105 as long as it has a higher electron transporting
property than a hole transporting property. As the electron donating material which
can donate electrons to the electron transporting material, alkali metal such as lithium
(Li) or cesium (Cs), alkaline earth metal such as magnesium (Mg), calcium (Ca), or
strontium (Sr), rare-earth metal such as erbium or ytterbium, a compound such as oxide
or halide thereof, or the like can be employed. In addition, the third layer 105 may be
not only a single layer but also a laminated layer of two or more layers formed of the
above material. In addition to the above-described structure, a layer containing a
compound selected from an oxide semiconductor or metal oxide, a highly hole
transporting material, and an electron donating material which can donate electrons to
the hole transporting material (a material having a function of promoting electron

injection) may be used as the third layer 105.
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[0029]

Since the above-described structure can suppress crystallization of the third
layer 105, a layer with little increase in resistance even when formed thickly can be
formed.

[0030]

The second electrode 106 is preferably formed of metal, an alloy, a conductive
compound, a mixture thereof, or the like, having a low work function (preferably, of 3.8
eV or less). As a specific example of such a cathode material, transition metal
containing rare-earth metal as well as an element belonging to Group 1 or 2 of the
Periodic Table, in other words, alkali metal such as Li or Cs, alkaline earth metal such
as Mg, Ca, or Sr, an alloy (Mg:Ag or Al:Li) or compound (LiF, CsE, or CaF,) containing
the above material can be used. Further, the second electrode 106 can be formed by
laminating the above material and any of the materials used for the first electrode 102,
or can be formed using any of the materials used for the first electrode 102.

[0031]

The first layer 103, the second layer 104, aﬁd the third layer 105 can be formed
by an evaporation method, an electron beam evaporation method, or a sputtering
method. In addition, among these layers, a layer containing plural kinds of materials
can be formed by simultaneously depositing each material. It can be formed by a
combined method of the same kind or different kinds: a coevaporation method using
resistance heating evaporation, a coevaporation method using electron beam
evaporation, a coevaporation method using resistance heating evaporation and electron
beam evaporation, film formation using resistance heating evaporation and sputtering,
film formation using electron beam evaporation and sputtering, or the like. A layer
containing three or more kinds of materials can also be formed by similarly combining
the methods.

[0032] .

Alternatively, the layers may be formed by spin coating, a droplet discharging

method, or a combination thereof with the above-described method. The droplet

discharge method is a method for selectively discharging (jetting) droplets (also referred
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to as dots) of a composition including a material of a conductive film, an insulating film,
or the like to form the film in an arbitrary position, and is also referred to as an
inkjetting method depending on its mode. Different methods may be used to form
each electrode or each layer.

[0033]

In the light emitting element having the above-desctibed structure, current
flows due to a potential difference made between the first electrode 102 and the second
clectrode 106, a hole and an electrode are recombined in the second layer 104 that is a
layer containing a highly light emitting material, and then, light is emitted. In other
words, a light emitting region is formed in the second layer 104. However, the whole
of the second layer 104 need not serve as a light emitting region. The light emitting
region may be formed only on a first layer 103 side or a third layer 105 side of the
second layer 104, for example.

[0034]

Light emitted from the second layer 104 is extracted outside through either or
both the first electrode 102 and the second electrode 106. Thus, either or both the first
electrode 102 and the second electrode 106 are formed of a light-transmitting material.
When only the first electrode 102 is formed of a light-transmitting material, light
emitted from the second layer 104 is extracted to a substrate 101 side through the first .
electrode 102 as shown in FIG. 1A. When only the second electrode 106 is formed of
a light-transmitting material, light emitted from the second layer 104 is extracted to the
opposite side of the substrate 101 through the second electrode 106 as shown in FIG. 1B.
When both the first electrode 102 and the second electrode 106 are formed of a
light-transmitting material, light emitted from the second layer 104 is exiracted to both
the substrate 101 side and the opposite side through the first electrode 102 and the
second electrode 106 as shown in FIG. 1C.

[0035]

Note that, in this embodiment mode, the first electrode 102, the first layer 103,

the second layer 104, the third layer 105, and the second electrode 106 are sequentially

laminated over the substrate 101. However, the invention is not limited to this
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structure, and fhey may be laminated over the substrate 101 in reverse order of the
above structure. In other words, the second electrode 106 may be formed over the
substrate 101, the third layer 105, the second layer 104, and the first layer 103 may be
sequentially laminated over the second electrode 106, and the first electrode 102 may be
provided thereover as shown in FIGS. 5A to SC. Even in this case, by forming either
or both the first electrode 102 and the second electrode 106 of a light-transmitting
material, light emitted from the second layer 104 can be extracted outside through either
or both the first electrode 102 and the second electrode 106 as shown in FIGS. 5A to
5C.

[0036]

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

[0037]

As described above, by forming the first layer and the third layer in which an
organic material and an inorganic material are mixed, there is little increase in resistance
even when these layers are formed thickly. Therefore, a light emitting element in
which drive voltage does not increase even when formed thickly can be formed. Since
the above-described structure can prevent crystallization of the first layer and the third
layer, life of the light emitting element can be extended. Further, a short circuit
between the electrodes can be prevented by forming the light emitting element thickly;

accordingly, a highly reliable light emitting element can be obtained.



10

15

20

25

30

WO 2006/035952 PCT/JP2005/018215

15

(Embodiment Mode 2)
[0038] .

In this embodiment mode, another mode of a light emitting element, which is
different from that in the above embodiment mode, is explained with reference to FIGS.
2A to 2C. Note that, in this embodiment mode, the same reference numeral is used to
denote the same component as in the above embodiment mode.

[0039]

In this embodiment mode, a light emitting element 210 is provided over a
substrate 101 for supporting it, and it includes a first electrode 102, a first layer 103, a
second layer 104, a third layer 205, and a fourth layer 206 sequentially laminated over
the first electrode 102, and a second electrode 106 provided thereover (FIGS. 2A to 2C).
Note that the fourth layer 206 is formed using the same material as the third layer 105 in
FIGS. 1A to 1C. In other words, in this embodiment mode, a layer is newly provided
between the second layer 104 and the third layer 105 in the structure of the light
emitting element 110 shown in FIGS. 1A to 1C.

[0040]

The third layer 205 is formed of a layer containing a compound selected from
an oxide semiconductor or metal oxide and a highly electron transporting material. As
the oxide semiconductor or metal oxide, molybdenum oxide (MoOy), vanadium oxide
(VOy), ruthenium oxide (RuO,), tungsten oxide (WO,), cobalt oxide (CoOy), nickel
oxide (NiOy), copper oxide (CuOx), or the like can be used. Alternatively, indium tin
oxide (ITO), zinc oxide (ZnO), lithium oxide (LiOy), sodium oxide (NaO,), or the like
can be used. As the highly electron transporting material, a material formed of a metal
complex having a quinoline skeleton or a benzoquinoline skeleton such as
tris(8-quinolinolato)aluminum (abbr.: Alqs), tris(4-methyl-8-quinolinolato)aluminum
(abbr.: Almgs), bis(10-hydroxybenzo[h]-quinolinato)beryllium (abbr.: BeBq:), or
bis(2-methyl-8-quinolinolato)-4-phenylphenolato-aluminum (abbr.: BAlq), or the like
can be used. Alternatively, a material of a metal complex having an oxazole or
thiazole ligand such as bis[2-(2-hydroxyphenyl)benzoxazolate]zinc (abbr.: Zn(BOX))
or bis[2-(2-hydroxyphenyl)benzothiazolate]zinc (abbr.: Zn(BTZ)), or the like can be
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used. In addition to the metal complex,
2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (abbr.: PBD);
1,3-bis[5-(p-tert-butylphenyl)-1,3,4-oxadiazole-2-yl]benzene (abbr.: OXD-7);
3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenylyl)-1,2,4-triazole (abbr.: TAZ),
3-(4-tert-butylphenyl)-4-(4-ethylphenyl)-5-(4-biphenylyl)-1,2,4-triazole (abbr.:

p-EtTAZ); bathophenanthroline (abbr.: BPhen); bathocuproin (abbr.: BCP); or the like
can be used. The materials described here are mainly materials having electron
mobility of 10 cm?/Vs or more. A material other than the above-described material
may be used for the third layer 205 as long as it has a higher electron transporting
property than a hole transporting property. In addition, the third layer 205 may be not
only a single layer but also a laminated layer of two or more layers formed of the above
material.

[0041]

Since the above-described structure can suppress crystallization of the third
layer 205, a layer with little increase in resistance even when formed thickly can be
formed.

[0042]

Note that the first electrode 102, the second electrode 106, the first layer 103,
the second layer 104, and the fourth layer 206 can each be formed of any of the
materials described in the above embodiment mode. Light emitted from the second
layer 104 is extracted outside through either or both the first electrode 102 and the
second electrode 106. Thus, either or both the first electrode 102 and the second
electrode 106 are formed of a light-transmitting material. When only the first
electrode 102 is formed of a light-transmitting material, light emitted from the second
layer 104 is extracted to a substrate 101 side through the first electrode 102 as shown in
FIG. 2A. When only the second electrode 106 is formed of a light-transmitting
material, light emitted from the second layer 104 is extracted to the opposite side of the
substrate 101 through the second electrode 106 as shown in FIG. 2B. When both the
first electrode 102 and the second electrode 106 are formed of a light-transmitting

material, light emitted from the second layer 104 is extracted to both the substrate 101
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side and the opposite side through the first electrode 102 and the second electrode 106
as shown in FIG. 2C.
[0043] »

Note that, in FIGS. 2A to 2C, the first electrode 102, the first layer 103, the
second layer 104, the third layer 205, the fourth layer 206, and the second electrode 106
are sequentially laminated over the substrate 101. However, the invention is not
limited to this structure, and they may be laminated over the substrate 101 in reverse
order of the above structure. In other words, the second electrode 106 may be formed
over the substrate 101, the fourth layer 206, the third layer 205, the second layer 104,
and the first layer 103 may be sequentially laminated over the second electrode 106, and
the first electrode 102 may be provided thereover.
[0044]

As described above, by forming the first layer, the third layer, and the fourth

layer in which an organic material and an inorganic material are mixed, there is little

increase in resistance even when these layers are formed thickly. Therefore, a light
emitting element in which drive voltage does not increase even when formed thickly
can be formed. Since the above-described structure can prevent crystallization of the
first layer, the third layer, and the fourth layer, life of the light emitting element can be
extended. Further, a short circuit between the electrodes can be prevented by forming
the light emitting element thickly; accordingly, a reliable light emitting element can be
obtained.
[0045]

Note that this embodiment mode can be freely combined with the above
embodiment mode.
(Embodiment Mode 3)
[0046]

In this embodiment mode, another mode of a light emitting element, which is
different from those in the above embodiment modes, is explained with reference to
FIGS. 3A to 3C. Note that, in this embodiment mode, the same reference numeral is

used to denote the same component as in the above embodiment mode.
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[0047]

In this embodiment mode, a light’ emitting element 310 is provided over a
substrate 101 for supporting it, and it includes a first electrode 102, a first layer 103, a
second layer 104, a third layer 205, and a fourth layer 207 sequentially laminated over
the first electrode 102, and a second electrode 106 provided thereover as shown in FIGS.
3A to 3C. In other words, the fourth layer 206 is replaced by a layer formed of a
different material in the structure of the light emitting element 210 shown in FIGS. 2A
to 2C.

[0048]

The fourth layer 207 is formed of a layer containing both a highly electron
transporting material and an electron donating material which can donate electrons to
the electron transporting material (a material having a function of promoting electron
injection). As the electron transporting material, a material formed of a metal complex

having a quinoline skeleton or a benzoquinoline skeleton such as

tris(8-quinolinolato)aluminum (abbr.: Algs), for example,
tris(4-methyl-8-quinolinolato)aluminum (abbr.: Almgs),
bis(10-hydroxybenzo[h]-quinolinato)beryllium (abbr.: BeBqy), or

bis(2-methyl-8-quinolinolato)-4-phenylphenolato-aluminum (abbr.: BAlg), or the like

can be used. Alternatively, a material of a metal complex having an oxazole or

thiazole ligand such as bis[2-(2-hydroxyphenyl)benzoxazolate]zinc (abbr.: Zn(BOX))
or bis[2-(2-hydroxyphenyl)benzothiazolate]zinc (abbr.: Zn(BTZ),), or the like can be

used. In addition to the metal complex,
2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (abbr.: PBD),
1,3-bis[5-(p-tert-butylphenyl)-1,3,4-oxadiazole-2-yl]benzene (abbr.: 0OXD-7),
3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenylyl)-1,2,4-triazole (abbr.: TAZ),
3-(4-tert-butylphenyl)-4-(4-ethylphenyl)-5-(4-biphenylyl)-1,2,4-triazole (abbr.:

p-EtTAZ), bathophenanthroline (abbr.: BPhen), bathocuproin (abbr.: BCP), or the like
can be used. As the electron donating material which can donate electrons to the
electron transporting material, alkali metal such as lithium (Li) or cesium (Cs), alkaline

earth metal such as magnesium (Mg), calcium (Ca), or strontium (Sr), rare-earth metal
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such as erbium or ytterbium, a compound such as oxide or halide thereof, or the like can
be employed. Each electron donating material which can donate electrons is selected
in accordance with the combination with the electron transporting material.

[0049]

The invention is not limited to the above structure, and the fourth layer 207
may be formed only of the electron donating material which can donate electrons.
[0050]

Note that the first electrode 102, the second electrode 106, the first layer 103,
the second layer 104, and the third layer 205 can each be formed of any of the materials
described in the above embodiment mode. Light emitted from the second layer 104 is
extracted outside through either or both the first electrode 102 and the second electrode
106. Thus, either or both the first electrode 102 and the second electrode 106 are
formed of a light-transmitting material. When only the first electrode 102 is formed of
a light-transmitting material, light emitted from the second layer 104 is extracted to a
substrate 101 side through the first electrode 102 as shown in FIG. 3A. When only the
second electrode 106 is formed of a light-transmitting material, light emitted from the
second layer 104 is extracted to the opposite side of the substrate 101 through the
second electrode 106 as shown in FIG. 3B. When both the first electrode 102 and the
second electrode 106 are formed of a light-transmitting material, light emitted from the
second layer 104 is extracted to both the substrate 101 side and the opposite side
through the first electrode 102 and the second electrode 106 as shown in FIG. 3C.

[0051]

Note that, in FIGS. 3A to 3C, the first electrode 102, the first layer 103, the
second layer 104, the third layer 205, the fourth layer 207, and the second electrode 106
are sequentially laminated over the substrate 101. However, the invention is not
limited to this structure, and they may be laminated over the substrate 101 in reverse
order of the above structure. In other words, the second electrode 106 may be formed
over the substrate 101, the fourth layer 207, the third layer 205, the second layer 104,
and the first layer 103 may be sequentially laminated over the second electrode 106, and

the first electrode 102 may be provided thereover.
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[0052]

As described above, by forming the first layer and the third layer in which an
organic material and an inorganic material are mixed, there is little increase in resistance
even when these layers are formed thickly. Therefore, a light emitting element in
which drive voltage does not increase even when formed thickly can be formed. ~Since
the above-described structure can prevent crystallization of the first layer and the third
layer, life of the light emitting element can be extended. Further, a short circuit
between the electrodes can be prevented by forming the light emitting element thickly;
accordingly, a highly reliable light emitting element can be obtained.

[0053]

Note that this embodiment mode can be freely combined with the above
embodiment mode.
(Embodiment Mode 4)
[0054]

In this embodiment mode, another mode of a light emitting element, which is
different from those in the above embodiment modes, is explained with reference to
FIGS. 4A to 4C. Note that, in this embodiment mode, the same reference numeral is
used to denote the same component as in the above embodiment mode.

[0055]

In this embodiment mode, a layer is newly provided to be in contact with the
second electrode in the structure described in the above embodiment mode (FIGS. 4A to
4C). In other words, FIG. 4A shows a structure in which a fourth layer 208a is newly
provided between the third layer 105 and the second electrode 106 in FIGS. 1A to 1C.
FIG. 4B shows a structure in which a fifth layer 208b is newly provided between the
fourth layer 206 and the second electrode 106 in FIGS. 2A to 2C. FIG. 4C shows a
structure in which a fifth layer 208c is newly provided between the fourth layer 207 and
the second electrode 106 in FIGS. 3A to 3C.

[0056]
The newly provided layers 208a to 208c are formed using the same material as

the first layer 103. In other words, each of them is formed of a layer containing a
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compound selected from an oxide semiconductor or metal oxide and a highly hole
transporting material.
{0057}

Note that, also in this embodiment mode as in the above embodiment mode,
light emitted from the second layer 104 is extracted outside through either or both the
first electrode 102 and the second electrode 106 when either or both the first electrode
102 and the second electrode 106 are formed using a light-transmitting material.

[0058] ‘

In FIG. 4A, the first electrode 102, the first layer 103, the second layer 104, the
third layer 105, the fourth layer 208a, and the second electrode 106 are sequentially
laminated over the substrate 101. However, the invention is not limited to this
structure, and they may be laminated over the substrate 101 in reverse order of the
above structure. In other words, the second electrode 106 may be formed over the
substrate 101, the fourth layer 208a, the third layer 105, the second layer 104, and the
first layer 103 may be sequentially laminated over the second electrode 106, and the
first electrode 102 may be provided thereover. Also in FIG. 4B, the second electrode
106 may be formed over the substrate 101, the fifth layer 208b, the fourth layer 206, the
third layer 205, the second layer 104, and the first layer 103 may be sequentially
laminated over the second electrode 106, and the first electrode 102 may be provided
thereover. Also in FIG. 4C, the second electrode 106 may be formed over the substrate
101, the fifth layer 208c, the fourth layer 207, the third layer 205, the second layer 104,
and the first layer 103 may be sequentially laminated over the second electrode 106, and
the first electrode 102 may be provided thereover.

[0059] ‘

As described above, by forming the layer in which an organic material and an
inorganic material are mixed, there is little increase in resistance even when these layers
are formed thickly. Therefore, a light emitting element in which drive voltage does not
increase even when formed thickly can be formed. Since the above-described
structure can prevent crystallization of a layer in which an organic material and an

inorganic material are mixed, life of the light emitting element can be extended.
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Further, a short circuit between the electrodes can be prevented by forming the light
emitting element thickly; accordingly, a highly reliable light emitting element can be
obtained.

[0060]

Note that this embodiment mode can be freely combined with the above
embodiment mode.
(Embodiment Mode 5)
[0061]

In this embodiment mode, one mode of a cross sectional view of a display
device including the light emitting element described in the above embodiment mode is
explained with reference to FIGS. 6A to 6C.

[0062]

In FIGS. 6A to 6C, a portion surrounded by dotted lines in a rectangular shape
is a transistor 11 which is provided to drive a light emitting element 12 of the invention.
The light emitting element 12, in which a layer 15 where a plurality of layers is
laminated is interposed between a first electrode 13 and a second electrode 14, has any
one of the structures described in the above embodiment modes. A drain of the
transistor 11 is electrically connected to the first electrode 13 by a wiring 17 penetrating
a first interlayer insulating film 16 (16a, 16b, and 16c). The light emitting element 12
is separated from other adjacently-provided light emitting elements by a barrier layer 18.
The display device having such a structure is provided over a substrate 10 in this
embodiment mode.

[0063]

Note that each of the transistors 11 shown in FIGS. 6A to 6C is a top gate type
in which a gate electrode is provided opposite to a substrate, with a semiconductor layer
interposed therebetween. However, there is no particular limitation on the structure of
the transistor 11; for example, a bottom gate type may be used. In the case of a bottom
gate type, the transistor 11 may have a structure in which a protective film is formed
over the semiconductor layer to be provided with a channel (a channel protective type)

or a structure in which a part of the semiconductor layer to be provided with a channel
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has a depression (a channel etch type). Note that reference numeral 21 denotes a gate
electrode; 22, a gate insulting film; 23, a semiconductor layer; 24, an n-type
semiconductor layer; 17, an electrode; and 16a, a protective film.
[0064]

Alternatively, the semiconductor layer included in the transistor 11 may be
either crystalline or amorphous. Further, it may be semi-amorphous or the like.
[0065]

Note that characteristics of the semi-amorphous semiconductor are as follows.
It has an intermediate structure between an amorphous structure and a crystalline
structure (including a single crystal and a polycrystal) and a third state which is stable in
terms of free energy, and it includes a crystalline region having short-range order and
lattice distortion. At least a part of a region in the film contains a crystal grain of 0.5
nm to 20 nm. A Raman spectrum is shifted to a lower wavenumber side than 520 em™.
A diffraction peak of (111) or (220) to be caused by a crystal lattice of silicon is
observed in X-ray diffraction. Hydrogen or halogen of 1 atomic% or more is
contained to terminate a dangling bond. It is also referred to as a microcrystalline
semiconductor. The semi-amorphous semiconductor is formed by performing glow
discharge decomposition (plasma CVD) on a silicide gas. SiHj is given as the silicide
gas. In addition, Si;Hg, SiH,Clp, SiHCls, SiCly, SiFs, or the like can also be used as the
silicide gas. 'The silicide gas may be diluted with Hy, or H, and one or more rare gas
elements of helium, argon, krypton, and neon. A dilution ratio thereof may range from
2 times to 1000 times; pressures, approximately 0.1 Pa to 133 Pa; power supply
frequency, 1 MHz to 120 MHz, preferably, 13 MHz to 60 MHz. A substrate heating
temperature may be 300 °C or less, preferably, 100 °C to 250 °C. A concentration of
an atmospheric constituent impurity such as oxygen, nitrogen, or carbon, as an impurity
element in the film, is preferably 1 x 10%° /em® or less; specifically, a concentration of
oxygen is 5 x 10" /em® or less, preferably 1 x 10" Jem® or less. Note that mobility of
a TFT (thin film transistor) using the semi-amorphous semiconductor is approximately

1 cm?/Vsec to 10 cm?/Vsec.



10

15

20

25

30

WO 2006/035952 PCT/JP2005/018215

24

[0066]

As a specific example of the crystalline semiconductor layer, a layer formed of
single-crystal or polycrystalline silicon, silicon germanium, or the like can be given. It
may be formed by laser crystallization or may be formed by crystallization through a
solid phase growth method using, for example, nickel.

[0067]

When the semiconductor layer is formed of an amorphous substance, for
example, amorphous silicon, a display device preferably has a circuit in which the
transistor 11 and all other transistors (transistors included in a circuit for driving a light
emitting element) are all n-channel transistors. Other than that, a display device may
have a circuit including either n-channel transistors or p-channel transistors, or a display
device may have a circuit including both types of transistors.

[0068]

The first interlayer insulating film 16 may have a multi-layer structure as
shown in FIGS. 6A to 6C, or a single-layer structure. Note that the interlayer
insulating film 16a is made from an inorganic material such as silicon oxide or silicon
nitride; the interlayer insulating film 16b is made from acrylic, a siloxane material such
as a siloxane resin, or a self-planarizing substance which can form a film by coating,
such as silicon oxide. In addition, the interlayer insulating film 16c¢ is made from a
silicon nitride film containing argon (Ar). The siloxane material corresponds to a
material including a Si-O-Si bond. Siloxane has a skeleton formed from a bond of
silicon (Si) and oxygen (O). As a substituent, an organic group containing at least
hydrogen (for example, an alkyl group or aromatic hydrocarbon) is used. A fluoro
group may also be used as a substituent. Alternatively, an organic group containing at
least hydrogen and a fluoro group may be used. Note that there is no particular
limitation on materials forming each layer, and a material other than the foregoing
materials may also be used. A layer made from a material other than the foregoing
materials may be further combined. As described above, the first interlayer insulating
film 16 may be formed with either an inorganic material or an organic material, or both

of them.
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[0069]

The barrier layer 18 preferably has a shape in an edge portion, in which a
curvature radius changes continuously. In addition, the barrier layer 18 is formed with
acrylic, a siloxane material such as a siloxane resin, a resist, silicon oxide, or the like.
Note that the barrier layer 18 may be formed with either an inorganic material or an
organic material, or both of them.

[0070]

In FIGS. 6A and 6C, only the first interlayer insulating film 16 is provided
between the transistor 11 and the light emitting element 12. However, as shown in FIG.
6B, a second interlayer insulating film 19 (19a and 19b) may also be provided in
addition to the first interlayer insulating film 16 (16a and 16b). In the display device
shown in FIG. 6B, the first electrode 13 penetrates the second interlayer insulating film
19 and connects to the wiring 17.

[0071]

The second interlayer insulating film 19 may have a multi-layer structure or a
single-layer structure like the first interlayer insulating film 16. The second interlayer
insulating film 19a is made from acrylic, a siloxane material such as a siloxane resin, or
a self-planarizing substance which can form a film by coating, such as silicon oxide.
The second interlayer insulating film 19b is formed with a silicon nitride film
containing argon (Ar). Note that there is no particular limitation on materials forming
each layer, and a material other than the foregoing materials can also be used. A layer
made from a material other than the foregoing materials may be further combined. As
described above, the second interlayer insulating film 19 may be formed with either an
inorganic material or an organic material, or both of them.

[0072]

When both the first electrode 13 and the second electrode 14 are formed from a
light transmitting material in the light emitting element 12, light emission can be
extracted through both the first electrode 13 and the second electrode 14 as indicated by
the outlined arrow in FIG. 6A. When only the second electrode 14 is formed from a

light-transmitting material, light emission can be extracted through only the second
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electrode 14 as indicated by the outlined arrow in FIG. 6B. In this case, it is preferable
to form the first electrode 13 from a highly reflective material or provide a film formed
from a highly reflective material (reflective film) below the first electrode 13. When
only the first electrode 13 is formed from a light-transmitting material, light emission
can be extracted through only the first electrode 13 as indicated by the outlined arrow in
FIG. 6C. In this case, it is preférable to form the second electrode 14 from a highly
reflective material or provide a reflective film above the second electrode 14.

[0073]

When the first electrode or the second electrode is formed from a
light-transmitting material, a light-transmitting conductive oxide material such as
indium tin oxide (ITO), zinc oxide (ZnO), indium zinc oxide (IZO), silicon-containing
indium tin oxide, or gallium-doped zinc oxide (GZO) can be used as a material for the
first electrode or the second electrode.

[0074]

On the other hand, when the first electrode or the second electrode is formed
from a highly reflective material, an element selected from gold (Au), platinum (Pt),
nickel (Ni), tungsten (W), chromium (Cr), molybdenum (Mo), iron (Fe), cobalt (Co),
copper (Cu), palladium (Pd), carbon (C), aluminum (Al), manganese (Mn), and titanium
(Ti) or an alloy containing a plurality of the elements can be used as a material for
forming the first electrode or the second electrode to be a single layer or have a
laminated structure. Alternatively, for example, an alloy containing Al, Ti, and C, an
alloy containing Al and Ni, an alloy containing Al and C, an alloy containing Al, Ni, and
C, an alloy containing Al and Mo, or the like can be used. When Al or an Al alloy is
used for the electrode, high reflectivity can be obtained. In the case of fqrming a
reflective film, a similar material can also be used to form it.

[0075]

In the light emitting element 12, the layer 15 may have such a laminated
structure as to operate the light emitting element 12 when voltage is applied so that a
potential of the second electrode 14 becomes higher than that of the first electrode 13,

or the layer 15 may have such a laminated structure as to operate the light emitting
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element 12 when voltage is applied so that a potential of the second electrode 14
becomes lower than that of the first electrode 13. In the former case, the transistor 11
is an n-channel transistor, and in the latter case, the transistor 11 is a p-channel
transistor.

[0076]

As described above, an active display device in which drive of the light
emitting element is controlled by the transistor is explained in this embodiment mode.
However, a passive display device, in which the light emitting element is driven without
particularly providing a drive element such as a transistor, may also be used. The
passive display device can also be driven with low power consumption when it includes
the light emitting element of the invention which operates at low drive voltage.

[0077]

Note that this embodiment mode can be freely combined with the above
embodiment mode.
(Embodiment Mode 6)
[0078]

In this embodiment mode, a circuit structure of a display device having a
display function is explained with reference to FIGS. 7 to 9.

[0079]

FIG. 7 is a schematic top view of a display device to which the light emitting
clement described in the above embodiment mode is applied. In FIG. 7, a pixel portion
6511, a source signal line driver circuit 6512, a write gate signal line driver circuit 6513,
and an erase gate signal line driver circuit 6514 are provided over a substrate 6500.
Each of the source signal line driver circuit 6512, the write gate signal line driver circuit
6513, and the erase gate signal line driver circuit 6514 is connected to a flexible printed
circuit (FPC) 6503, which is an external input terminal, through a wiring group. Each
of the source signal line driver circuit 6512, the write gate signal line driver circuit 6513,
and the erase gate signal line driver circuit 6514 receives a video signal, a clock signal,
a start signal, a reset signal, or the like from the FPC 6503. The FPC 6503 is provided

with a printed wiring board (PWB) 6504. Note that a driver circuit portion need not
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necessarily be provided over the same substrate as the pixel portion 6511 as described
above, and may be provided outside of the substrate by using, for example, an IC chip
mounted on an FPC which is provided with a wiring pattern (TCP) or the like.

[0080]

In the pixel portion 6511, a plurality of source signal lines extending in a
column direction is arranged in a row direction. A current supply line is also arranged
in a row direction. In addition, a plurality of gate signal lines extending in a row
direction is arranged in a column direction in the pixel portion 6511. Further, plural
sets of circuits each including a light emitting element are arranged in the pixel portion
6511.

[0081]

FIG. 8 shows a circuit for operating one pixel. The circuit shown in FIG. 8
includes a first transistor 901, a second transistor 902, and a light emitting element 903.
[0082]

Each of the first transistor 901 and the second transistor 902 is a three-terminal
element including a gate electrode, a drain region, and a source region, and has a
channel region between the drain region and the source region. The source region and
the drain region are interchanged depending on a structure, an operating condition, or
the like of the transistor; thus, it is difficult to determine which is the source region or
the drain region. Therefore, in this embodiment mode, regions each serving as a
source or a drain are referred to as a first electrode and a second electrode.

[0083]

A gate signal line 911 and a write gate signal line driver circuit 913 are
provided to be electrically connected or not connected with each other via a switch 918.
The gate signal line 911 and an erase gate signal line driver circuit 914 are provided to
be electrically connected or not connected with each other via a switch 919. A source
signal line 912 is provided to be electrically connected to either a source signal line
driver circuit 915 or a power source 916 via a switch 920. The gate of the first
transistor 901 is electrically connected to the gate signal line 911.  The first electrode

of the first transistor 901 is electrically connected to the source signal line 912, and the
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second electrode of the first transistor 901 is electrically connected to the gate electrode
of the second transistor 902. The first electrode of the second transistor 902 is
electrically connected to a current supply line 917, and the second electrode of the
second transistor 902 is electrically connected to one electrode included in the light
emitting element 903. The switch 918 may be included in the write gate signal line
driver circuit 913. Further, the switch 919 may be included in the erase gate signal line
driver circuit 914. Moreover, the switch 920 may be included in the source signal line
driver circuit 915.

[0084]

The arrangement of the transistor, the light emitting element, and the like in the
pixel portion is not particularly limited. For example, the elements can be arranged as
shown in a top view of FIG. 9. In FIG. 9, a first electrode of a first transistor 1001 is
connected to a source signal line 1004, and a second electrode of the first transistor
1001 is connected to a gate electrode of a second transistor 1002. A first electrade of
the second transistor 1002 is connected to a current supply line 1005, and a second
electrode of the second transistor is connected to an electrode 1006 of a light emitting
clement. A part of a gate signal line 1003 serves as a gate electrode of the first.
transistor 1001.

[0085]

The light emitting element described in the above embodiment mode is a
highly reliable element with little increase in drive voltage that accompanies
accumulation of light-emitting time. Thus, by applying the light emitting element to a
pixel portion, a display device with little increase in power consumption can be
‘obtained. In addition, the light emitting element described in the above embodiment
mode can be thickened while suppressing increase in drive voltage, and a short circuit
between electrodes can be easily prevented. Thus, by applying the light emitting
clement described in this embodiment mode to a pixel portion, a display device can be
obtained which can display a favorable image with few defects caused by a short circuit.
[0086]

Note that this embodiment mode can be freely combined with the above
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embodiment mode.
(Embodiment Mode 7)
[0087]

Examples of display devices formed using the light emitting element described
in the above embodiment mode can be given as follows: a video camera, a digital
camera, a goggle type display (head mounted display), a navigation system, an audio
reproducing device (car audio, an audio component, or the like), a computer, a game
machine, a portable information terminal (a mobile computer, a cellular phone, a
portable game machine, an electronic book, or the like), an image reproducing device
including a recording medium (specifically, a device capable of processing data in a
recording medium such as a digital versatile disc (DVD) and having a display which
can display the image of the data), and the like. Practical examples of these display
devices are shown in FIGS. 10A to 10H.

[0088]

FIG. 10A shows a TV set, which includes a chassis 2001, a support 2002, a
display portion 2003, a loudspeaker portion 2004, a video input terminal 2005, or the
like. The TV set can be manufactured by using the light emitting element described in
the above embodiment mode for the display portion 2003. A clear image with few
defects can be displayed at low drive voltage by using the light emitting element of the
invention for the display portion 2003.

[0089]

FIG. 10B shows a digital camera, which includes a main body 2101, a display
portion 2102, an image receiving portion 2103, an operation key 2104, an external
connection port 2105, a shutter 2106, or the like. The digital camera can be
manufactured by using the light emitting element described in the above embodiment
mode for the display portion 2102. A clear image with few defects can be displayed
by using the light emitting element of the invention for the display portion 2102.
Since it can be displayed at low drive voltage, battery life can be extended.

[0090]
FIG. 10C shows a computer, which includes a main body 2201, a chassis 2202,
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a display portion 2203, a keyboard 2204, an external connection port 2205, a pointing
mouse 2206, or the like. The computer can be manufactured by using the light
emitting element described in the above embodiment mode for the display portion 2203.
A clear image with few defects can be displayed at low drive voltage by using the light
emitting element of the invention for the display portion 2203. Since it can be
displayed at low drive voltage, battery life can be extended.

[0091]

FIG. 10D shows a mobile computer, which includes a main body 2301, a
display portion 2302, a switch 2303, an operation key 2304, an infrared port 2305, or
the like. The mobile computer can be manufactured by using the light emitting
element described in the above embodiment mode for the display portion 2302. A
clear image with few defects can be displayed at low drive voltage by using the light
emitting element of the invention for the display portion 2302. Since it can be
displayed at low drive voltage, battery life can be extended.

[0092]

FIG. 10E shows a portable image reproducing device having a recording
medium (a DVD reproducing device or the like), which includes a main body 2401, a
chassis 2402, a display portion A 2403, a display portion B 2404, a recording medium
(DVD or the like) reading portion 2405, an operation key 2406, a loudspeaker portion
2407, or the like. The display portion A 2403 mainly displays image information, and
the display portion B 2404 mainly displays textual information. The image
reproducing device can be manufactured by using the light emitting element described
in the above embodiment mode for the display portion A 2403 and/or the display
portion B 2404. Note that the image reproducing device having a recording medium
includes a game machine and the like. A clear image with few defects can be
displayed at low drive voltage by using the light emitting element of the invention for
the display portion A 2403 and/or the display portion B 2404. Since it can be
displayed at low drive voltage, battery life can be extended.

[0093]
FIG. 10F shows a goggle type display (head mounted display), which includes
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a main body 2501, a display portion 2502, an arm portion 2503, or the like. The
goggle type display can be manufactured by using the light emitting element described
in the above embodiment mode for the display portion 2502. A clear image with few
defects can be displayed at low drive voltage by using the light emitting element of the
invention for the display portion 2502. Since it can be displayed at low drive voltage,
battery life can be extended.

[0094]

FIG. 10G shows a video camera, which includes a main body 2601, a display
portion 2602, a chassis 2603, an external connection port 2604, a remote control
receiving portion 2605, an image receiving portion 2606, a battery 2607, an audio input
portion 2608, an operation key 2609, an eye piece portion 2610, or the like. The video
camera can be manufactured by using the light emitting element described in the above
embodiment mode for the display portion 2602. A clear image with few defects can be
displayed at low drive voltage by using the light emitting element of the invention for
the display portion 2602. Since it can be displayed at low drive voltage, battery life
can be extended.

[0095]

FIG. 10H shows a cellular phone, which includes a main body 2701, a chassis
2702, a display portion 2703, an audio input portion 2704, an audio output portion 2705,
an operation key 2706, an external connection port 2707, an antenna 2708, or the like.
The cellular phone can be manufactured by using the light emitting element described in
the above embodiment mode for the display portion 2703. A clear image with few
defects can be displayed at low drive voltage by using the light emitting element of the
invention for the display portion 2703. Since it can be displayed at low drive voltage,
battery life can be extended.

[0096]

Note that the light emitting element can also be used for a front or rear
projector as well as the above-described electronic devices.
[0097]

As described above, the applicable range of the present invention is so wide
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that the invention can be applied to display devices in various fields. Note that this
embodiment mode can be freely combined with the above embodiment mode.
[Embodiment 1]

[0098]

In this embodiment, characteristics of the element structure described in the
above embodiment mode are explained hereinafter.
[0099]

In this embodiment, silicon-containing indium tin oxide is sputtered over a
substrate to form a first electrode. Then, molybdenum (VI) oxide and NPB are
co-evaporated over the first electrode to form a first layer containing molybdenum
oxide (MoOy) and NPB. Here, a mass ratio of molybdenum oxide to NPB is adjusted
to be 1:4, and the first layer is formed to have a thickness of 50 nm. Note that
co-evaporation is an evaporation method in which evaporation is simultaneously
performed from a plurality of evaporation sources.  Subsequently, NPB is
vacuum-evaporated over the first layer to form a second layer containing NPB with a
thickness of 10 nm. Next, tris(8-quinolinolato)aluminum (abbr.: Alqs) and coumarin 6
are co-evaporated over the second layer to form a third layer containing Alqs and
coumarin 6. Here, a mass ratio of Alqs to coumarin 6 is adjusted to be 1: 0.005. This
makes coumarin 6 dispersed in Algs. In addition, the third layer is formed to have a
thickness of 40 nm. Thereafter, Alqs is vacuum-evaporated over the third layer to form
a fourth layer containing Alqs with a thickness of 20 nm. Then, Alqs and Li;O (lithium
oxide) are co-evaporated over the fourth layer to form a fifth layer containing Alqs and
Li,O. Here, a mass ratio of Alqs to Li,O is adjusted to be 1: 0.01 (Element Structure 1)
or 1: 0.05 (Element Structure 2), and the fifth layer is formed to have a thickness of 10
nm in either case. Subsequently, aluminum is vacuum-evaporated over the fifth layer
to form a second electrode with a thickness of 200 nm.

[0100]

Hereinafter, characteristics of each element structure of Element Structure 1

and Element Structure 2 are described with reference to FIGS. 13Ato 13C. Note that

FIG. 13A shows current density-luminance characteristics; FIG. 13B, voltage-luminance
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characteristics; and FIG. 13C, luminance-current efficiency characteristics. In FIGS.
13A to 13C, @ marks and o marks represent characteristics of light emitting elements of
Element Structure 1 and that of Element Structure 2, respectively.

[0101]

As to Element Structure 1, when a voltage of 4.6 V is applied, current flows
with a current density of 11.1 mA/cm® and light is emitted with a luminance of 960
cd/m® A current efficiency at this time is 8.7 cd/A. As to Element Structure 2, when
a voltage of 4.6 V is applied, current flows with a current density of 12.3 mA/cm” and
light is emitted with a luminance of 1100 cd/nf. A current efficiency at this time is 8.9
cd/A. Thus, it is found that high luminance can be obtained at low voltage by carrying
out the invention.

[Embodiment 2]
[0102]

In this embodiment, hereinafter explained are element characteristics when, in
the layer containing a compound selected from an oxide semiconductor or metal oxide
and a highly hole transporting material described in the above embodiment mode, the
concentration of the oxide semiconductor or the metal oxide is changed.

[0103]

In this embodiment, molybdenum oxide (MoOy) is used as the oxide
semiconductor or the metal oxide, and two materials, DNTPD and o-NPD, are used as
the highly hole transporting material. Two element structures, Element Structure 3 and
Element Structure 4, are manufactured. Then, element characteristics when the
concentration of the molybdenum oxide is changed are examined with respect to each
element structure.

[0104]

First, a method for manufacturing Element Structure 3 is explained hereinafter.
[0105]

Silicon-containing indium tin oxide is sputtered over a substrate to form a first
electrode. Then, molybdenum oxide, DNTPD, and rubrene are co-evaporated over the

first electrode to form a first layer containing molybdenum oxide, DNTPD, and rubrene.
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Here, the first layer is formed to have a thickness of 120 nm. Note that co-evaporation
is an evaporation method in which evaporation is simultaneously performed from a
plurality of evaporation sources. Subsequently, o-NPB is vacuum-evaporated over the
first layer to form a second layer containing o-NPB. Here, the second layer is formed
to have a thickness of 10 nm. Next, tris(8-quinolinolato)aluminum (abbr.: Alqs) and
coumarin 6 are co-evaporated over the second layer to form a third layer containing
Algs and coumarin 6. Here, a mass ratio of Algs to coumarin 6 is adjusted to be 1:
0.005. This makes coumarin 6 dispersed in Alqs. The third layer is formed to have a
thickness of 40 nm. Thereafter, Alqs is vacuum-evaporated over the third layer to form
a fourth layer containing Alqs. Here, the fourth layer is formed to have a thickness of
40nm. Then, LiF is vacuum-evaporated over the fourth layer to form a fifth layer
containing IiF. Here, the fifth layer is formed to have a thickness of 1 nm.
Subsequently, aluminum is vacuum-evaporated over the fifth layer to form a second
electrode. The second electrode is formed to have a thickness of 200 nm. A structure
having the above configuration is referred to as Element Structure 3.

[0106]

Next, a method for manufacturing Element Structure 4 is explained hereinafter.
[0107]

Silicon-containing indium tin oxide is sputtered over a substrate to form a first
electrode. Then, molybdenum oxide, a-NPD, and rubrene are co-evaporated over the
first electrode to form a first layer containing molybdenum oxide, o-NPD, and rubrene.
Here, the first layer is formed to have a thickness of 120 nm. Note that co-evaporation
is an evaporation method in which evaporation is simultaneously performed from a
plurality of evaporation sources. Subsequently, o-NPB is vacuum-evaporated over the
first layer to form a second layer containing o-NPB. Here, the. second layer is formed
to have a thickness of 10 nm. Next, tris(8-quinolinolato)aluminum (abbr.: Alqs) and
coumarin 6 are co-evaporated over the second layer to form a third layer containing
Algs and coumarin 6. Here, a mass ratio of Algs to coumarin 6 is adjusted to be 1:
0.0025. This makes coumarin 6 dispersed in Alqs. The third layer is formed to have

a thickness of 37 nm. Thereafter, Alqs is vacuum-evaporated over the third layer to
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form a fourth layer containing Algs. Here, the fourth layer is formed to have a
thickness of 37 nm. Then, CaF, is vacuum-evaporated over the fourth layer to form a
fifth layer containing CaF,. Here, the fifth layer is formed to have a thickness of 1 nm.
Subsequently, aluminum is vacuum-evaporated over the fifth layer to form a second
electrode. The second electrode is formed to have a thickness of 200 nm. A structure
having the above configuration is referred to as Element Structure 4.

[0108]

FIG. 11 and FIG. 12 show molybdenum oxide concentration-drive voltage
characteristics and molybdenum oxide concentration-current efficiency characteristics,
respectively, at the time that each light emitting element of Element Structure 3 and
Element Structure 4 has a luminance of 1000 cd/m®. In FIG. 11, the horizontal axis
represents a concentration (wt%) of molybdenum oxide, and the vertical axis represents
a drive voltage (V) at a luminance of 1000 cd/m®. In FIG. 12, the horizontal axis
represents a concentration (wt%) of molybdenum oxide, and the vertical axis represents
a current efficiency (cd/A) at a luminance of 1000 cd/m®. In FIGS. 11 and 12, emarks
and A marks represent characteristics of light emitting elements of Element Structure 3
(light emitting element 1) and that of Element Structure 4 (light emitting element 2),
respectively.

[0109]

FIG. 11 shows that drive voltage of the light emitting element 1 and the light
emitting element 2 at a luminance of 1000 cd/m? drastically decreases when the
concentration of MoOy is in the range of 10 wt% to 30 wt% and stays constant
thereafter. On the other hand, FIG. 12 shows that current efficiency of the light
emitting element 1 and the light emitting element 2 at a luminance of 1000 cd/m’
decreases as the concentration of MoO; increases. Therefore, in the case of using
Element Structure 3 and Element Structure 4 described in this embodiment, the
concentration of MoO, included in the first layer may be adjusted to be preferably 5
Wt% to 50 wt%, more preferably, 15 wt% to 40 wt% to form the element structure.
[0110]

Note that this embodiment can be freely combined with the above embodiment



WO 2006/035952 PCT/JP2005/018215
37

mode.



10

15

20

25

30

WO 2006/035952 PCT/JP2005/018215
38

CLAIMS

1. A light emitting element comprising a plurality of layers interposed between
a pair of electrodes opposed to each other,

wherein at least one of the plurality of layers is formed of a layer containing a
light emitting material, and

wherein the layer containing the light emitting material is interposed between a
layer containing an oxide semiconductor or metal oxide and a material having a higher
hole transporting property than an electron transporting property, and a layer containing
an oxide semiconductor or metal oxide and a material having a higher electron

transporting property than a hole transporting property.

2. A display device comprises the light emitting element according to claim 1

in a pixel portion.

3. A light emitting element comprising a plurality of layers interposed between
a pair of electrodes opposed to each other,

wherein at least one of the plurality of layers is formed of a layer containing a
light emitting material, and

wherein the layer containing the light emitting material is interposed between a
layer containing an oxide semiconductor or metal oxide and a material having a higher
hole transporting property than an electron transporting property, and a layer containing
an oxide semiconductor or metal oxide, a material having a higher electron transporting
property than a hole transporting property and a material which can donate an electron

to the material having a higher electron transporting property than a hole transporting

property.

4. A display device comprises the light emitting element according to claim 3

in a pixel portion.
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5. A light emitting element comprising:

a pair of electrodes; and

first to third layers sequentially laminated between the pair of electrodes,

wherein the first layer contains an oxide semiconductor or metal oxide and a
material having a higher hole transporting property than an electron transporting
property, |

wherein the second layer contains a light emitting material, and

wherein the third layer contains an oxide semiconductor or metal oxide and a

material having a higher electron transporting property than a hole transporting

property.

6. A light emitting element according to claim 5, wherein the first layer

comprises molybdenum oxide and 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl.

7. A display device comprises the light emitting element according to claim 5

in a pixel portion.

8. A light emitting element comprising:

a pair of electrodes; and

first to third layers sequentially laminated between the pair of electrodes,

wherein the first layer contains an oxide semiconductor or metal oxide and a
material having a higher hole transporting property than an electron transporting
property,

wherein the second layer contains a light emitting material, and

wherein the third layer contains an oxide semiconductor or metal oxide, a
material having a higher electron transporting property than a hole transporting property,
and a material which can donate an electron to the material having a higher electron

transporting property than a hole transporting property.

9. A light emitting element according to claim 8, wherein the first layer
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comprises molybdenum oxide and 4,4’ -bis[N-(1-naphthyl)-N-phenylamino]biphenyl.

10. A display device comprises the light emitting element according to claim 8

in a pixel portion.

11. A light emitting element comprising:

a pair of electrodes; and

first to fourth layers sequentially laminated between the pair of electrodes,

wherein the first layer contains an oxide semiconductor or metal oxide and a
material having a higher hole transporting property than an electron transporting
property,

wherein the second layer contains a light emitting material,

wherein the third layer contains an oxide semiconductor or metal oxide and a
material having a higher electron transporting property than a hole transporting property,

and

wherein the fourth layer contains an oxide semiconductor or metal oxide, a
material having a higher electron transporting property than a hole transporting property,
and a material which can donate an electron to the material having a higher electron

transporting property than a hole transporting property.

12. A light emitting element according to claim 11, wherein the first layer

comprises molybdenum oxide and 4,4(-bis[N-(1-naphthyl)-N-phenylamino]biphenyl.

13. A display device comprises the light emitting element according to claim 11

in a pixel portion.

14. A light emitting element comprising:
a pair of electrodes; and
first to fourth layers sequentially laminated between the pair of electrodes,

wherein the first layer contains an oxide semiconductor or metal oxide and a
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material having a higher hole transporting property than an electron transporting
property,

wherein the second layer contains a light emitting material,

wherein the third layer contains an oxide semiconductor or metal oxide and a
material having a higher electron transporting property than a hole transporting property,
and

wherein the fourth layer contains a material having a higher electron
transporting property than a hole transporting property and a material which can donate
an electron to the material having a higher electron transporting property than a hole

transporting property.

15. A light emitting element according to claim 14, wherein the first layer

comprises molybdenum oxide and 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl.

16. A display device comprises the light emitting element according to claim 14

in a pixel portion.

17. A light emitting element comprising:

a pair of electrodes; and

first to fourth layers sequentially laminated between the pair of electrodes,

wherein the first layer contains an oxide semiconductor or metal oxide and a
material having a higher hole transporting property than an electron transporting
property,

wherein the second layer contains a light emitting material,

wherein the third layer contains an oxide semiconductor or metal oxide and a
material having a higher electron transporting property than a hole transporting property;
and

wherein the fourth layer contains an oxide semiconductor or metal oxide and a

material having a higher hole transporting property than an electron transporting

property.
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18. A light emitting element according to Claim 17, wherein the first layer and

the fourth layer are formed using the same material.

19. A light emitting element according to claim 17, wherein the first layer

comprises molybdenum oxide and 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl.

20. A display device comprises the light emiiting element according to claim 17

in a pixel portion.

21. Alight emitting element comprising:

a pair of electrodes; and

first to fourth layers sequentially laminated between the pair of electrodes,

wherein the first layer contains an oxide semiconductor or metal oxide and a
material having a higher hole transporting property than an electron transporting
property,

wherein the second layer contains a light emitting material,

wherein the third layer contains an oxide semiconductor or metal oxide, a
material having a higher electron transporting property than a hole transporting property,
and a material which can donate an electron to the material having a higher electron
transporting property than a hole transporting property, and

wherein the fourth layer contains an oxide semiconductor or metal oxide, a

material having a higher electron transporting property than a hole transporting

property.

22. A light emitting element according to Claim 21, wherein the first layer and

the fourth layer are formed using the same material.

23. A light emitting element according to claim 21, wherein the first layer

comprises molybdenum oxide and 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl.
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24. A display device comprises the light emitting element according to claim 21

in a pixel portion.

25. A light emitting element comprising:

a pair of electrodes; and

first to fifth layers sequentially laminated between the pair of electrodes,

wherein the first layer contains an oxide semiconductor or metal oxide and a
material having a higher hole transporting property than an electron transporting
property,

wherein the second layer contains a light emitting material,

wherein the third layer contains an oxide semiconductor or metal oxide and a
material having a higher electron transporting property than a hole transporting
property,

wherein the fourth layer contains an oxide semiconductor or metal oxide, a
material having a higher electron transporting property than a hole transporting property,
and a material which can donate an electron to the material having a higher electron
transporting property than a hole transporting property, and

wherein the fifth layer contains an oxide semiconductor or metal oxide and a

material having a higher hole transporting property than an electron transporting

property.

26. A light emitting element according to Claim 25, wherein the first layer and

the fifth layer are formed using the same material.

27. A light emitting element according to claim 25, wherein the first layer

comprises molybdenum oxide and 4,4'-bis [N-(1-naphthyl)-N-phenylamino]biphenyl.

28. A display device comprises the light emitting element according to claim 25

in a pixel portion.
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29. A light emitting element comprising:

a pair of electrodes; and

first to fifth layers sequentially laminated between the pair of electrodes,

wherein the first layer contains an oxide semiconductor or metal oxide and a
material having a higher hole transporting property than an electron transporting
property, ‘

wherein the second layer contains a light emitting material,

wherein the third layer contains an oxide semiconductor or metal oxide and a
material having a higher electron transporting property than a hole transporting
property,

wherein the fourth layer contains a material having a higher electron
transporting property than a hole transporting property and a material which can donate
an electron to the material having a higher electron transporting property than a hole
transporting property, and

wherein the fifth layer contains an oxide semiconductor or metal oxide and a

material having a higher hole transporting property than an electron transporting

property.

30. A light emitting element according to Claim 29, wherein the first layer and

the fifth layer are formed using the same material.

31. A light emitting element according to claim 29, wherein the first layer

comprises molybdenum oxide and 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl.

32. A display device comprises the light emitting element according to claim 29

in a pixel portion.
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EXPLANATION OF REFERENCE

101: Substrate, 102: First electrode, 103: First layer, 104: Second layer, 105:
Third layer, 106: Second electrode, 205: Third layer, 206: Fourth layer, 207: Fourth
layer, 110: Light emitting element, 210: Light emitting element, 310: Light emitting
element, 208a: Fourth layer, 208b: Fifth layer, 208c: Fifth layer, 10: Substrate, 11:
Transistor, 12: Light emitting element, 13: First electrode; 14 Second electrode, 15:
Layer, 16: Interlayer insulating film, 17: Wiring, 18: Barrier layer, 19: Interlayer
insulating film, 6500: Substrate, 6503: flexible printed circuit (FPC), 6504: Printed
wiring board (PWB), 6511: Pixel portion, 6512: Source signal line driver circuit, 6513:
Write gate signal line driver circuit, 6514: Erase gate signal line driver circuit, 901: First
transistor, 902: Second transistor, 903: Light emitting element, 011: Gate signal line,
912: Source signal line, 913: Write gate signal line driver circuit, 914: Erase gate signal
line driver circuit, 915: Source signal line driver circuit, 916: Power source, 917:
Current supply line, 918: Switch, 919: Switch, 920: Switch, 1001: First transistor, 1002:
Second transistor, 1003: Gate signal line, 1004: Source signal line, 1005: Current supply
line, 1006: Electrode, 2001: Chassis, 2002: Support, 2003: Display portion, 2004:
Loudspeaker portion, 2005: Video input terminal, 2101: Main body, 2102: Display
portion, 2103: Image receiving portion, 2104: Operation key, 2105: External connection
port, 2106: Shutter, 2201: Main body, 2202: Chassis, 2203: Display portion, 2204:
Keyboard, 2205: External connection port, 2206: Pointing mouse, 2301: Main body,
2302: Display portion, 2303: Switch, 2304: Operation key, 2305: Infrared port, 2401:
Main body, 2402: Chassfs, 2403: Display portion A, 2404: Display portion B, 2405:
Recording medium (DVD) reading portion, 2406: Operation key, 2407: Loudspeaker
portion, 2501: Main body, 2502: Display portion, 2503: Arm portion, 2601: Main body,
2602: Display portion, 2603: Chassis, 2604: External connection port, 2605: Remote
control receiving portion, 2606: Image receiving portion, 2607: Battery, 2608: Audio
input portion, 2609: Operation key, 2610: Eye piece portion, 2701: Main body, 2702:
Chassis, 2703: Display portion, 2704: Audio input portion, 2705: Audio output portion,
2706: Operation key, 2707: External connection port, 2708: Antenna, 1: Light emitting

element, and 2: Light emitting element.
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