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1
LIGHT EMITTING DEVICE HAVING A
LIGHT EMITTING LAMINATED BODY
COMPRISING AN ORGANIC COMPOUND

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light emitting element
using an organic compound at least in part thereof. Moreover,
the present invention relates to a light emitting device and an
electronic device provided with the light emitting element.

2. Description of the Related Art

A light emitting device using a light emitting element,
which has a layer including an organic material between a
pair of electrodes and emits light by feeding current between
the electrodes, has been developed. Such a light emitting
device has advantages in a thin shape, lightweight, favorable
visibility due to self-light emission, and fast response com-
pared with another display device which is referred to as a thin
display device. Therefore, such a light emitting device has
been actively developed as a next-generation display device
and is partly put into practical use at present.

Such a light emitting device which is advantageous to be a
thin shape and lightweight is especially suitable for applica-
tion to a mobile device. The lower power consumption of a
light emitting device mounted to a mobile device in which
battery is limited, the better, and power saving is always
requested. In addition, a requirement of reducing energy con-
sumption is more and more increased in association with an
environmental problem, an energy problem, and the like in a
television, a display, and the like in addition to a mobile
device.

By the way, one of the reasons that such a light emitting
device is limited to a partial practical use is deterioration of a
light emitting element. A light emitting element is deterio-
rated such that luminance is lowered in accordance with the
accumulation of driving time even if the same amount of
current is fed. One of the reasons is that a material and a
structure for manufacturing a light emitting element in which
the degree of the deterioration is acceptable as an actual
product has not been so varied yet.

Various methods for reducing deterioration of a light emit-
ting element are conceivable, and one of the methods is to
improve luminous efficiency. By the improvement of lumi-
nous efficiency, the same luminance can be obtained even if
the amount of current to be fed to a light emitting element is
small, which results in reduction in deterioration of the light
emitting element.

If luminous efficiency is improved, the same luminance
can be obtained with lower power, which leads to a low drive
voltage and low power consumption.

For example, in Patent Document 1 (Patent Document 1:
Japanese Patent Laid-Open No. 2005-108730), the improve-
ment of luminous efficiency is attempted by controlling con-
centration of dopant in a light emitting layer in a thickness
direction of the light emitting layer.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a light
emitting element with improved luminous efficiency.

It is another object of the present invention to provide a
light emitting element with a reduced drive voltage.

It is another object of the present invention to provide a
light emitting element with improved degree of deterioration
with respect to driving time.
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Tt is another object of the present invention to provide an
electronic device or a light emitting device with reduced
power consumption.

It is another object of the present invention to provide an
electronic device or a light emitting device with high reliabil-
ity in a display portion.

A light emitting element of the present invention includes
a first electrode; a second electrode; and a light emitting
laminated body formed therebetween, where the light emit-
ting laminated body has at least a first layer, a second layer,
and a third layer in this order, the first layer is a layer having
a carrier transporting property, the third layer is a layer
including an emission center material and a host material in
which the emission center material is dispersed, the second
layer has an energy gap larger than that of the first layer and
equal to or larger than that of the host material, and the second
layer has a thickness of 0.1 nm or more and less than 5 nm.

A light emitting element of the present invention includes
a first electrode; a second electrode; and a light emitting
laminated body formed therebetween, where the light emit-
ting laminated body has at least a first layer, a second layer,
and a third layer in this order, the first layer is a layer having
a carrier transporting property, the third layer is a layer
including an emission center material and a host material in
which the emission center material is dispersed, the second
layer has an energy gap larger than that of the first layer and
equal to or larger than that of the host material, and the second
layer has a thickness of 0.5 nm or more and 3 nm or less.

A light emitting element of the present invention includes
a first electrode; a second electrode; and a light emitting
laminated body formed therebetween, where the light emit-
ting laminated body has at least a first layer, a second layer,
and a third layer in this order, the first layer is a layer having
a carrier transporting property, the third layer is a layer
including an emission center material and a host material in
which the emission center material is dispersed, the second
layer has an energy gap larger than that of the first layer and
equal to or larger than that of the host material, and the second
layer has a thickness of 1 nm or more and 2 nm or less.

FIG. 18 shows a view in which energy gaps of a first layer,
a second layer, and a host material in a third layer, which are
included in a light emitting laminated body, are compared
with each other. When an energy gap of the first layer is set to
Eg,, an energy gap of the second layer is set to Eg,, and an
energy gap of the host material of the third layer is set to Eg;,
Eg, is set to be larger than Eg; and larger than Eg,. It is to be
noted that an energy gap denotes an energy gap between a
LUMO level and a HOMO level.

InFIG. 18, a LUMO level of the second layer is higher than
LUMO levels of the first layer and the third layer, the LUMO
level of the first layer is higher than the LUMO level of the
third layer, the HOMO level of the second layer is lower than
HOMO levels of the first layer and the third layer, and the
HOMO level of the third layer is lower than the HOMO level
of the first layer. However, the present invention is not limited
thereto.

By forming the second layer, excitation energy of an emis-
sion center material or a host material included in the third
layer can be prevented from moving to a layer having a
smaller energy gap. Accordingly, reduction in light emission
and in color purity of light emission can be suppressed.

A light emitting element of the present invention includes
a first electrode; a second electrode; and a light emitting
laminated body formed therebetween, where the light emit-
ting laminated body has at least a first layer, a second layer, a
third layer, a fourth layer, and a fifth layer in this order, the
first layer and the fifth layer are layers each having a carrier
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transporting property, the third layer is a layer including an
emission center material and a host material in which the
emission center material is dispersed, the second layer has an
energy gap larger than the first layer and equal to or larger
than that of the host material, the fourth layer has an energy
gap larger than the fifth layer and equal to or larger than that
of the host material, and the second layer and the fourth layer
have a thickness of 0.1 nm or more and less than 5 nm.

A light emitting element of the present invention includes
a first electrode; a second electrode; and a light emitting
laminated body formed therebetween, where the light emit-
ting laminated body has at least a first layer, a second layer, a
third layer, a fourth layer, and a fifth layer in this order, the
first layer and the fifth layer are layers each having a carrier
transporting property, the third layer is a layer including an
emission center material and a host material in which the
emission center material is dispersed, the second layer has an
energy gap larger than the first layer and equal to or larger
than that of the host material, the fourth layer has an energy
gap larger than the fifth layer and equal to or larger than that
of the host material, and the second layer and the fourth layer
have a thickness of 0.5 nm or more and 3 nm or less.

A light emitting element of the present invention includes
a first electrode; a second electrode; and a light emitting
laminated body formed therebetween, where the light emit-
ting laminated body has at least a first layer, a second layer, a
third layer, a fourth layer, and a fifth layer in this order, the
first layer and the fifth layer are layers each having a carrier
transporting property, the third layer is a layer including an
emission center material and a host material in which the
emission center material is dispersed, the second layer has an
energy gap larger than the first layer and equal to or larger
than that of the host material, the fourth layer has an energy
gap larger than the fifth layer and equal to or larger than that
of the host material, and the second layer and the fourth layer
have a thickness of 1 nm or more and 2 nm or less.

FIG. 22 shows a view in which energy gaps of a first layer,
a second layer, a host material in a third layer, a fourth layer,
and a fifth layer, which are included in a light emitting lami-
nated body, are compared with each other. When an energy
gap of the first layer is set to Eg, , an energy gap of the second
layer 1s set to Eg,, an energy gap of the host material of the
third layer is set to Eg,, an energy gap of the fourth layer is set
to Eg,, and an energy gap of the fifth layer is set to Egg, Eg,
is larger than Eg, and larger than Eg,, and Eg, is larger than
Fg, and larger than Eg.. It is to be noted that Fg, and Eg, may
be the same or different from each other, and Eg, and Eg; may
be the same or different from each other.

InFIG. 22,a LUMO level of the second layer is higher than
LUMO levels of the first layer and the host material of the
third layer, the LUMO level of the first layer is higher than the
LUMO level of the host material of the third layer, the HOMO
level of the second layer is lower than HOMO levels of the
first layer and the host material of the third layer, and the
HOMO level of the host material of the third layer is lower
than the HOMO level of the first layer. However, the present
invention is not limited thereto.

Further, in FIG. 22, the LUMO level of the fourth layer is
higher than LUMO levels of the host material of the third
layer and the fifth layer, the LUMO level of the fifth layer is
higher than the LUMO level of host material of the third layer,
the HOMO level of the fourth layer is lower than HOMO
levels of the host material of the third layer and the fifth layer,
and the HOMO level of the host material of the third layer is
lower than the HOMO level of the fifth layer. However, the
present invention is not limited thereto.
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However, the LUMO level of the second layer and the
LUMO level of the fourth layer, the HOMO level of the
second layer and the HOMO level of the fourth layer, the
LUMO level of the first layer and the LUMO level of the fifth
layer, and the HOMO level of the first layer and the HOMO
level of the fifth layer may be the same or different from each
other.

According to the present invention, excitation energy of an
emission center material or a host material included in a light
emitting layer can be prevented from moving to a layer having
a smaller energy gap. Therefore, reduction in light emission
and in color purity of light emission can be suppressed.

According to the present invention, a light emitting ele-
ment with improved luminous efficiency can be provided.

According to the present invention, a light emitting ele-
ment with a reduced drive voltage can be provided.

According to the present invention, a light emitting ele-
ment, in which degree of deterioration with respect to driving
time is improved, can be provided.

According to the present invention, an electronic device or
a light emitting device with reduced power consumption can
be provided.

According to the present invention, an electronic device or
a light emitting device with high reliability in a display por-
tion can be provided.

BRIEF DESCRIPTION OF THE DRAWING

In the accompanying drawings:

FIGS. 1A and 1B are views showing a light emitting ele-
ment of the present invention;

FIGS. 2A to 2C are views showing a light emitting element
of the present invention;

FIGS. 3A and 3B are views showing a light emitting ele-
ment of the present invention;

FIGS. 4A to 4E are explanatory cross-sectional views of a
manufacturing method of an active matrix light emitting
device of the present invention;

FIGS. 5A to 5C are explanatory cross-sectional views of a
manufacturing method of an active matrix light emitting
device of the present invention;

FIGS. 6A and 6B are cross-sectional views of a light emit-
ting device of the present invention,

FIGS. 7A and 7B each are a top view and a cross-sectional
view of a light emitting device of the present invention;

FIGS. 8A to 8F are diagrams each showing one example of
a pixel circuit of a light emitting device of the present inven-
tion;

FIG. 9 is a diagram showing one example of a pixel circuit
of a light emitting device of the present invention;

FIG. 10 is a diagram showing one example of a protection
circuit of a light emitting device of the present invention;

FIGS. 11A to 11E are views illustrating electronic devices
to which the present invention can be applied;

FIG. 12 is a view showing a relation between an energy gap
and current efficiency of a second layer in elements 1 to 10;

FIG. 13 is a view showing luminance-current efficiency
characteristics of elements 11 to 14;

FIG. 14 is a view showing voltage-current characteristics
of elements 11 to 14;

FIG. 15 is a view showing voltage-luminance characteris-
tics of elements 11 to 14;

FIG. 16 is a view showing a relation between driving time
and luminance in fixed current density of elements 15 and 16;

FIGS. 17A and 17B each are a cross-sectional view and a
top view of a light emitting device of the present invention;
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FIG. 18 is a view showing an energy gap, large and small,
of the present invention;

FIG. 19 is a view showing current density-luminance char-
acteristics of elements 17 and 18;

FIG. 20 is a view showing voltage-luminance characteris-
tics of elements 17 and 18;

FIG. 21 is a view showing luminance-current efficiency
characteristics of elements 17 and 18; and

FIG. 22 is a view showing an energy gap, large and small,
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiment modes of the present invention
will be explained with reference to the accompanied draw-
ings. However, the present invention can be implemented in
various embodiments, and it is to be easily understood that
various changes and modifications in modes and details
thereof will be apparent to those skilled in the art. Therefore,
it should be noted that the present invention should not be
interpreted as being limited to the description of embodiment
modes.

Embodiment Mode 1

FIG. 1A is a schematic view showing one structure of a
light emitting element of the present invention. The light
emitting element of the present invention shown by FIG. 1A
has a light emitting laminated body including a first layer 101,
a second layer 102, and a third layer 103 between a first
electrode 100 and a second electrode 104. The first layer 101,
the second layer 102, and the third layer 103 are laminated in
this order from a first electrode 100 side.

The first layer 101 is a layer having a high transporting
property of carriers injected from the first electrode 100 (car-
rier transporting layer), and the third layer 103 is a light
emitting layer for obtaining desired light emission. The third
layer 103, which is a light emitting layer, has a structure in
which a material to be an emission center (emission center
material) is dispersed in a host material.

The second layer 102 has an energy gap larger than that of
the first layer 101 and equal to or larger than that of the host
material. In addition, the second layer 102 is made of a mate-
rial which can transport carriers injected from the first elec-
trode 100. It is acceptable as long as the second layer 102 has
a thickness of 0.1 nm or more and less than 5 nm, preferably
0.5 nm or more and 3 nm or less, and more preferably 1 nm or
more and 2 nm or less. It is to be noted that an energy gap
denotes an energy gap between a LUMO level and a HOMO
level. An energy gap is obtained from a wavelength of an
absorption edge on the longer wavelength side of the absorp-
tion spectrum when the absorption spectrum of each material
in a thin film state is measured with an UV/VIS spectropho-
tometer.

In a case where light emission is obtained in applying a
voltage of a certain level or more to the first electrode 100 of
the light emitting element of the present invention having
such a structure so that a potential of the first electrode 100 is
higher than that of the second electrode 104, carriers trans-
ported by the first layer 101 areholes and the second layer 102
is made of a material which can transport holes.

In a case where light emission is obtained in applying a
voltage of a certain level or more to the first electrode 100 so
that a potential of the first electrode 100 is lower than that of
the second electrode 104, carriers transported by the first
layer 101 are electrons and the second layer 102 is made ofa
material which can transport electrons.
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Although the second layer 102 is expressed as a film in this
specification, there is a possibility that the second layer 102 is
too thin to be a complete film shape, and that the second layer
102 is formed in an island-like shape. Even in such a case, the
structure of the present invention functions effectively. In the
present invention, in a case of forming the second layer 102,
a calibration curve of evaporation time against evaporation
thickness is created under the same evaporation condition as
a case of actually forming the second layer, and it is consid-
ered that the second layer 102 having a specific thickness is
formed by evaporation for a period required for a desired
thickness on the calibration curve.

According to such a light emitting element, an emission
center material is excited when electrons and holes injected
from the electrode are recombined in a light emitting layer,
and light emission can be obtained when the excited emission
center material returns to a ground state. Excitation by recom-
bination is classified into a case where an emission center
material is directly excited by recombination and a case
where a host material is excited first by recombination and an
emission center material is excited by movement of excitation
energy thereof.

At this time, when a layer having an energy gap smaller
than that of a material which forms a light emitting layer is
formed to be in contact with the light emitting layer, excita-
tion energy of an emission center material or a host material
of the light emitting layer moves to the layer having a smaller
energy gap. If excitation energy moves from the light emitting
layer to the layer having a smaller energy gap, light emission
obtained from the light emitting layer is reduced for that.
Moreover, color purity of light obtained from the light emit-
ting element is also reduced in a case where the layer having
a smaller energy gap has a light emitting property.

Therefore, a layer formed to be in contact with a light
emitting layer desirably has an energy gap larger than that of
ahost material. In an actual element, although a layer formed
to be in contact with a light emitting layer is a transporting
layer of carriers or a layer serving to inject and transport
carriers, a range of choice of a material satisfying relation
between a transporting property or an injecting property of
carriers and an energy gap is not so large. In particular, the
range is narrower in a blue light emitting element which
requires a large energy gap.

Here, in a light emitting element shown in FIG. 1A, which
is alight emitting element of the present invention, the second
layer 102 is formed between the third layer 103, which is a
light emitting layer, and the first layer 101, which is a carrier
transporting layer. As described above, the second layer 102
has an energy gap larger than that of the first layer 101 and
equal to or larger than that of the host material and is formed
to have a thickness of 0.1 nm or more and less than 5 nm,
preferably 0.5 nm or more and 3 nm or less, and more pref-
erably 1 nm or more and 2 nm or less.

By providing such a second layer 102, even if an energy
gap of the third layer 103 is smaller than that of the first layer
101, movement of excitation energy from the third layer 103
to the first layer 101 can be effectively suppressed. As a result,
a light emitting element with improved luminous efficiency
can be obtained.

Moreover, a light emitting element can be obtained, in
which a drive voltage is hardly increased compared with a
normal element in which the second layer 102 is not formed.
In addition, a range of choice of a material which can be used
for the firstlayer 101, whichis a carrier transporting layer, can
be drastically widened because of the existence of the second
layer 102.



US 8,003,977 B2

7

Tt is to be noted that a low carrier transporting property of
the second layer 102 is acceptable as long as the relation of
energy gaps is satisfied and carriers can flow. Further, the
second layer 102 is extremely thin. Therefore, a material,
because of which reliability of a light emitting element itself
becomes conventionally low owing to reliability of the mate-
rial itself when the material is used for other layers, can be
used as a material for the second layer 102 without reduction
in reliability of a light emitting element. This is a great feature
of the present invention.

According to the light emitting element of the present
invention, by including such a second layer 102, movement of
excitation energy from the third layer 103 to the first layer 101
is suppressed and an emission center material can emit light
effectively in a light emitting layer, thereby improving lumi-
nous efficiency. By the improvement of luminous efficiency,
the same luminance can be obtained with a smaller amount of
current than a conventional amount, and deterioration of a
light emitting element is suppressed. Thus, a light emitting
element with improved reliability can be obtained. In addi-
tion, a drive voltage can also be reduced. It is to be noted that,
in the light emitting element of the present invention, the
second layer 102 is extremely thin; therefore, increase in a
drive voltage due to the formation of the second layer 102 is
not caused. Accordingly, an effect of reducing a drive voltage
accompanied with the improvement of luminous efficiency
becomes further remarkable.

In the light emitting element of the present invention, a
light emitting region in the third layer 103, which is a light
emitting layer, exists uniformly in a thickness direction of the
third layer 103 or in the center of the thickness in some cases.
However, in most cases, the light emitting region exists non-
uniformly in the vicinity of either surface in a thickness
direction. Accordingly, the second layer 102 is preferably
provided on a side where the light emitting region exists
nonuniformly.

An electrode through which light is to be extracted, which
is the first electrode 100 or the second electrode 104, is made
of a conductive material having a light transmitting property.
At this time, the other electrode is made of a material having
high reflectance, and thus, light emission can be extracted
effectively. Further, when both of the electrodes are made of
a conductive material having a light transmitting property,
light can be extracted from both sides of a light emitting
element. It is to be noted that a conductive material having a
high work function (work function of 4.0 eV or more) is
desirably used for an electrode to which a high voltage is
applied in obtaining light emission from the third layer 103,
which is a light emitting layer, and a conductive material
having a low work function (work function of 3.8 eV or less)
is desirably used for an electrode to which a low voltage is
applied in obtaining light emission. However, by providing a
material favorable for an injecting property of carriers to be in
contact with the electrode to which a low voltage is applied, a
conductive material can be used for the electrode regardless
of its work function.

As a material for these electrodes, metal; alloy; an electri-
cally conductive compound; or mixture metal, a compound,
or alloy of these can be used. For example, metal having
conductivity such as aluminum (Al), silver (Ag), gold (Au),
platinum (Pt), nickel (Ni), tungsten (W), chromium (Cr),
molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu), pal-
ladium (Pd), lithium (L), cesium (Cs), magnesium (Mg),
calcium (Ca), strontium (Sr), or titanium (Ti); alloy such as
aluminum-silicon (Al—Si), aluminum-titanium (Al—Ti), or
aluminum-silicon-copper (Al—Si—Cu); nitride of a metal
material such as titanium nitride (TiN); metal oxide such as
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indium tin oxide (ITO), indium tin oxide containing silicon
oxide (in this specification, referred to as ITSO), or an object
formed by mixing zinc oxide (ZnO) of 2 to 20 wt % in indium
oxide (in this specification, referred to as IZO (indium zinc
oxide)); or the like can be used.

It is to be noted that ITO, ITSO, IZ0, or the like can be
preferably used as a material for an electrode through which
light emission is extracted because it is a conductive material
having a light transmitting property. In addition, aluminum,
silver, or the like, which does not transmit light when formed
as a thick film, has a light transmitting property when formed
as a thin film, so that a thin film of aluminum, silver, or the like
can be used as an electrode having a light transmitting prop-
erty. Aluminum, silver, or the like has high reflectance; there-
fore, aluminum, silver, or the like can be used as a reflective
electrode by being formed to have a thickness of a certain
degree or more. These electrodes can be formed by a known
method such as a sputtering method or an evaporation
method.

In a case where light emission is obtained in applying a
voltage of a certain level or more to the first electrode 100 so
that a potential of the first electrode 100 is higher than that of
the second electrode 104, the first layer 101 is made of a
material having a high hole transporting property. Alterna-
tively, in a case where light emission is obtained in applying
avoltage ofa certain level or more to the first electrode 100 so
that a potential of the first electrode 100 is lower than that of
the second electrode 104, the first layer 101 is made of a
material having a high electron transporting property.

As a material having a high hole transporting property,
specifically, 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphe-
nyl (abbreviation: NPB), 4,4'-bis|N-(3-methylphenyl)-N-
phenylamino|biphenyl (abbreviation: TPD), 4,4'.4"-tris(N,
N-diphenylamino)triphenylamine (abbreviation: TDATA),
4 4" 4"-tris|N-(3-methylphenyl)-N-phenylaminotripheny-
lamine (abbreviation: MTDATA), 4,4'-bis{N-[4-(N,N-di-m-
tolylamino)phenyl]-N-phenylamino } biphenyl (abbreviation:
DNTPD), 1,3,5-tris[N,N-di(m-tolyl)amino]benzene (abbre-
viation: m-MTDAB), 4.4'4"-tris(N-carbazolyl)tripheny-
lamine (abbreviation: TCTA), phthalocyanine (abbreviation:
H,Pc), copper phthalocyanine (abbreviation: CuPc), vanadyl
phthalocyanine (abbreviation: VOPe), and the like are given.
Further, the layer having a high hole transporting property
may have a multilayer structure formed by combining two or
more layers made of the substance described above.

As amaterial having a high electron transporting property,
specifically, 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3.4-
oxadiazole (abbreviation: PBD), 1,3-bis[5-(p-tert-butylphe-
nyl)-1,3,4-oxadiazol-2-yl|benzene (abbreviation: OXD-7),
3-(4-biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)-1,2,4-tria-
zole (abbreviation: TAZ), 3-(4-biphenylyl)-4-(4-ethylphe-
nyl)-5-(4-tert-butylphenyl)-1,2,4-triazole (abbreviation:
p-EtTAZ), bathophenanthroline (abbreviation: BPhen),
bathocuproin (abbreviation: BCP), 2,2',2"-(1,3,5-benzen-
etriyl)-tris(1-phenyl-H-benzimidazole) (abbreviation:
TPBI), 4,4-bis(5-methylbenzoxazol-2-yl)stilbene (abbrevia-
tion: BzOs), and the like are given as well as tris(8-quinoli-
nolato)aluminum (abbreviation: Alqgs), tris(4-methyl-8-
quinolinolato)aluminum (abbreviation: Almq;), bis(10-
hydroxybenzo[h]-quinolinato)beryllium (abbreviation:
BeBq,), bis(2-methyl-8-quinolinolato)-4-phenylphenolato-
aluminum (abbreviation: BAlq), bis[2-(2-hydroxyphenyl)
benzoxazolato]zinc (abbreviation: Zn(BOX), ), and bis[2-(2-
hydroxyphenyl )benzothiazolato]zinc (abbreviation:
Zn(BTZ),). Inaddition, the layer having a high electron trans-
porting property may have a multilayer structure formed by
combining two or more layers made of the substance
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described above. The first layer 101 may be formed by a
known method such as an evaporation method.

The second layer 102 is made of a material which can pass
holes in a case where light emission is obtained in applying a
voltage of a certain level or more to the first electrode 100 so
that a potential of the first electrode 100 is higher than that of
the second electrode 104. Alternatively, the second layer 102
is made of'a material which can pass electrons in a case where
light emission can be obtained in applying a voltage of a
certain level or more so that a potential of the first electrode
100 is lower than that of the second electrode 104.

The material which can pass holes or electrons denotes a
material other than a material which disturbs flow of the
carriers such as a blocking material, and mobility may be
extremely low. Among the materials described above, a mate-
rial having an energy gap larger than that of the first layer 101
and equal to or larger than that of the host material may be
used for the second layer 102.

As the material which can pass holes, for example, 4,4'-di
(N-carbazolyl)biphenyl (abbreviation: CBP), 2,7-di(N-car-
bazolyl)-spiro-9,9'-bifluorene (abbreviation: SFDCz), 4,4,
4"-tris|N-(3-methylphenyl)-N-phenylamino | triphenylamine
(abbreviation: m-MTDATA), 2,7-bis{N-[4-(N-carbazolyl)
phenyl]-N-phenylamino }-spiro-9,9'-bifluorene  (abbrevia-
tion: YGASF), 1,3,5-tri(N-carbazolyl)benzene (abbrevia-
tion:  TCzB),  4,4'4"-tri(N-carbazolyljtriphenylamine
(abbreviation: TCTA), and the like can be given though it
depends on the first layer 101 and the host material.

As the material which can pass electrons, bis[2-(2-hydrox-
yphenyl)benzoxazolato]zinc (abbreviation: Zn(BOX),), bis
[2-(2-hydroxyphenyl)pyridinato]zinc ~ (abbreviation:  Zn
(Pp)2),  2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxa-
diazole (abbreviation: PBD), 1,3-bis[5-(4-tert-butylphenyl)-
1,3,4-oxadiazol-2-yl]benzene (abbreviation: OXD-7), 3-(4-
biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)-1,2,4-triazole
(abbreviation: TAZ01), 3-(4-biphenylyl)-4-(4-ethylphenyl)-
5-(4-tert-butylphenyl)-1,2,4-triazole (abbreviation: p-Et-
TAZ), bathophenanthroline (abbreviation: BPhen), bathocu-
proin (abbreviation: BCP), 2,2',2"-(1,3,5-benzenetriyl )-tris
(1-phenyl-1H-benzimidazole) (abbreviation: TPBI), and the
like can be given.

As a matter of course, these are only illustrative and a
material which can be used for the present invention is not
limited thereto. There is fear that luminous efficiency is
decreased because an exciplex is unfortunately formed when
a HOMO level of the emission center material and a LUMO
level of the second layer 102 are close to each other or a
LUMO level of the emission center material and a HOMO
level of the second layer 102 are close to each other. In order
to prevent decrease in luminous efficiency due to the forma-
tion of an exciplex, it is preferable to select a material in
which a HOMO level of the emission center material and a
LUMO level of the second layer 102 are separated from each
other or a LUMO level of the emission center material and a
HOMO level of the second layer 102 are separated from each
other such that an exciplex is not formed. The second layer
102 may be formed by a known method such as an evapora-
tion method.

The third layer 103 is formed by dispersing an emission
center substance, which has an energy gap smaller than that of
ahostmaterial, in the host material. The third layer 103 can be
formed by co-evaporating an emission center substance and a
host material.

The emission center substance is not particularly limited,
and a substance which has favorable luminous efficiency and
can emit light at a desired emission wavelength may be used.
Specifically, when reddish emission is desired to be obtained,
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a substance which exhibits emission with a peak from 600 to
680 nm in an emission spectrum such as 4-dicyanomethyl-
ene-2-isopropyl-6-[2-(1,1,7,7-tetramethyljulolidine-9-y1)
ethenyl]-4H-pyran (abbreviation: DCJTI), 4-dicyanomethyl-
ene-2-methyl-6-[2-(1,1,7,7-tetramethyl-9-julolidine-9-y1)
ethenyl]-4H-pyran (abbreviation: DCIT),
4-dicyanomethylene-2-tert-butyl-6-[2-(1,1,7,7-tetramethyl-
julolidine-9-yl)ethenyl]-4H-pyran (abbreviation: DCITB),
periflanthene, 2,5-dicyano-1,4-bis[2-(10-methoxy-1,1,7,7-
tetramethyljulolidine-9-yl)ethenyl]benzene, or the like can
be used.

When greenish emission is desired to be obtained, a sub-
stance which exhibits emission with a peak from 500 to 550
nm in an emission spectrum such as N,N'-dimethylquinacri-
done (abbreviation: DMQd), coumarin 6, coumarin 545T,
tris(8-quinolinolato)aluminum (abbreviation: Algs), or the
like can be used.

In addition, when bluish emission is desired to be obtained,
a substance which exhibits emission with a peak from 420 to
500 nm in an emission spectrum such as 9,10-bis(2-naph-
thyl)-tert-butylanthracene (abbreviation: t-BuDNA), 9,9'-bi-
anthryl, 9,10-diphenylanthracene (abbreviation: DPA), 9,10-
bis(2-naphthyl)anthracene (abbreviation: DNA), bis(2-
methyl-8-quinolinolato)-4-phenylphenolato-gallium
(abbreviation: BGagq), bis(2-methyl-8-quinolinolato)-4-phe-
nylphenolato-aluminum (abbreviation: BAlg), 9-(4-{N-[4-
(9-carbazolyl)phenyl]-N-phenylamino } phenyl)- 10-pheny-
lanthracene (abbreviation: YGAPA), or the like can be used.

As mentioned above, as well as a substance which emits
fluorescence, a substance which emits phosphorescence such
as  bis[2-(3,5-bis(trifluoromethyl)phenyl)pyridinato-N,C*|
iridium(TIT)picolinate (abbreviation: Ir(CF,ppy),(pic)), bis
[2-(4,6-difluorophenyl)pyridinato-N,C? Jiridium(11Dacety-
lacetonate (abbreviation: Flr(acac)),  bis[2-(4,6-
difluorophenyl)pyridinato-N,C?Jiridium(IIpicolinate
(abbreviation: Flr(pic)), tris(2-phenylpyridinato-N,C*iri-
dium (abbreviation: Ir(ppy),), or the like can also be used as
the light emitting substance.

In addition, as for the host material, for example, a metal
complex or the like such as bis[2-(2-hydroxyphenyl)pyridi-
nato]zinc (abbreviation: Znpp,), bis[2-(2-hydroxyphenyl)
benzoxazolato]zinc (abbreviation: ZnBOX), or 9-[4-(N-car-
bazolyl)|phenyl-10-phenylanthracene (abbreviation: CzPA)
can be used as well as an anthracene derivative such as 9,10-
di(2-naphthyl)-2-tert-butylanthracene (abbreviation:
t-BuDNA) or a carbazole derivative such as 4,4'-di(N-carba-
zolyl) biphenyl (abbreviation: CBP).

Embodiment Mode 2

FIG. 1B is a schematic view showing one structure of a
light emitting element of the present invention. The light
emitting element of the present invention shown by FIG. 1B
has a light emitting laminated body including a first layer 101,
a second layer 102, and a third layer 103 between a first
electrode 100 and a second electrode 104. FIG. 1B and FIG.
1A are different from each other in terms of a structure in
which the third layer 103, the second layer 102, and the first
layer 101 are laminated in this order from a first electrode 100
side in FIG. 1B. Such a structure may be used for the present
invention.

The first layer 101 1s a layer having a high transporting
property of carriers injected from the second electrode 104
(carrier transporting layer), and the third layer 103 is a light
emitting layer for obtaining desired light emission. The third
layer 103, which is a light emitting layer, has a structure in
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which a material to be an emission center (emission center
material) is dispersed in a host material.

The second layer 102 has an energy gap larger than that of
the first layer 101 and equal to or larger than that of the host
material. In addition, the second layer 102 is made of a mate-
rial which can transport carriers injected from the second
electrode 104. Tt is acceptable as long as the second layer 102
has a thickness of 0.1 nm or more and less than 5 nm, pref-
erably 0.5 nm or more and 3 nm or less, and more preferably
1 nm or more and 2 nm or less. It is to be noted that an energy
gap denotes an energy gap between a LUMO level and a
HOMO level.

In a case where light emission is obtained in applying a
voltage of a certain level or more to the first electrode 100 of
the light emitting element of the present invention having
such a structure so that a potential of the first electrode 100 is
higher than that of the second electrode 104, carriers trans-
ported by the first layer 101 are electrons, and the first layer
101 serves as an electron transporting layer and is made of a
material having a high electron transporting property. In addi-
tion, the second layer 102 is made of a material which can
transport electrons.

Alternatively, in a case where light emission is obtained in
applying a voltage of a certain level or more to the first
electrode 100 so that a potential of the first electrode 100 is
lower than that of the second electrode 104, carriers trans-
ported by the first layer 101 are holes, and the first layer 101
serves as a hole transporting layer and is made of a material
having a high hole transporting property. The second layer
102 is made of a material which can transport holes.

A specific example of a material which can be used for the
second layer 102 is the same as that described in Embodiment
Mode 1; therefore, the explanation will not be repeated. In
addition, a specific example of a material having a high hole
transporting property or a material having a high electron
transporting property used for the first1ayer 101 is the same as
that described in Embodiment Mode 1.

Although the second layer 102 is expressed as a film in this
specification, there is a possibility that the second layer 102 is
too thin to be a complete film shape, and that the second layer
102 is formed in an island-like shape. Even in such a case, the
structure of the present invention functions effectively. In the
present invention, in a case of forming the second layer 102,
a calibration curve of evaporation time against evaporation
thickness is created under the same evaporation condition as
a case of actually forming the second layer, and it is consid-
ered that the second layer 102 having a specific thickness is
formed by evaporation for a period required for a desired
thickness on the calibration curve.

Here, in a light emitting element shown in FIG. 1B, which
is a light emitting element of the present invention, the second
layer 102 is formed between the third layer 103, which is a
light emitting layer, and the first layer 101, which is a carrier
transporting layer. As described above, the second layer 102
has an energy gap larger than that of the first layer 101 and
equal to or larger than that of the host material and is formed
to have a thickness of 0.1 nm or more and less than 5 nm,
preferably 0.5 nm or more and 3 nm or less, and more pref-
erably 1 nm or more and 2 nm or less.

By providing such a second layer 102, even if an energy
gap of the third layer 103 is smaller than that of the first layer
101, movement of excitation energy from the third layer 103
to the first layer 101 can be effectively suppressed. As a result,
a light emitting element with improved luminous efficiency
can be obtained.

Moreover, a light emitting element can be obtained, in
which a drive voltage is hardly increased compared with a
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normal element in which the second layer 102 is not formed.
In addition, a range of choice of a material which can be used
for the firstlayer 101, whichis a carrier transporting layer, can
be drastically widened because of the existence of the second
layer 102.

It is to be noted that a low carrier transporting property of
the second layer 102 is acceptable as long as the relation of
energy gaps is satisfied and carriers can flow. Further, the
second layer 102 is extremely thin. Therefore, a material,
because of which reliability of a light emitting element itself
becomes conventionally low owing to reliability of the mate-
rial itself when the material is used for other layers, can be
used as a material for the second layer 102 without reduction
in reliability of a light emitting element. This is one of great
features of the present invention.

According to the light emitting element of the present
invention, by including such a second layer 102, movement of
excitation energy from the third layer 103 to the first layer 101
is suppressed and an emission center material can emit light
effectively in a light emitting layer, thereby improving lumi-
nous efficiency. By the improvement of luminous efficiency,
the same luminance can be obtained with a smaller amount of
current than a conventional amount, and deterioration of a
light emitting element is suppressed. Thus, a light emitting
element with improved reliability can be obtained. In addi-
tion, a drive voltage can also be reduced.

It is to be noted that, in the light emitting element of the
present invention, the second layer 102 is extremely thin;
therefore, increase in a drive voltage due to the formation of
the second layer 102 is not caused. Accordingly, an effect of
reducing a drive voltage accompanied with the improvement
of luminous efficiency becomes further remarkable.

An electrode through which light is to be extracted, which
1s the first electrode 100 or the second electrode 104, is made
of a conductive material having a light transmitting property.
At this time, the other electrode is made of a material having
high reflectance, and thus, light emission can be extracted
effectively. Further, when both of the electrodes are made of
a conductive material having a light transmitting property,
light can be extracted from both sides of a light emitting
element.

It 1s to be noted that a conductive material having a high
work function (work function of 4.0 eV or more) is desirably
used for an electrode to which a high voltage is applied in
obtaining light emission from the third layer 103, which is a
light emitting layer, and a conductive material having a low
work function (work function of 3.8 eV or less) is desirably
used for an electrode to which a low voltage is applied in
obtaining light emission. However, by providing a material
favorable for an injecting property of carriers to be in contact
with the electrode to which a low voltage is applied, a con-
ductive material can be used for the electrode regardless of'its
work function. A specific material for these electrodes is the
same as that described in Embodiment Mode 1; therefore, the
explanation will not be repeated.

Further, the emission center substance and the host mate-
rial are also the same as that described in Embodiment Mode
L.

The matter other than that explained in this embodiment
mode is the same as Embodiment Mode 1, and refer to the
explanation in Embodiment Mode 1.

Embodiment Mode 3

FIG. 2A is a schematic view showing one structure of a
light emitting element of the present invention. A light emit-
ting element of the present invention shown by FIG. 2A has a
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light emitting laminated body including a first layer 101, a
second layer 102, a third layer 103, and a fourth layer 105
between a first electrode 100 and a second electrode 104. FIG.
2A and FIG. 1A are different from each other in terms of a
structure in which the fourth layer 105 is provided between
the third layer 103 and the second electrode 104 in FIG. 2A.
Such a structure may be used for the present invention.

The first layer 101 is a layer having a high transporting
property of carriers injected from the first electrode 100 or a
layer having a high injecting property and a high transporting
property, and the fourth layer 105 is a layer having a high
transporting property of carriers injected from the second
electrode 104 (carrier transporting layer). The third layer 103
is a light emitting layer for obtaining desired light emission.
The third layer 103, which is a light emitting layer, has a
structure in which a material to be an emission center (emis-
sion center material) is dispersed in a host material.

The second layer 102 has an energy gap larger than that of
the first layer 101 and equal to or larger than that of the host
material. In addition, the second layer 102 is made of a mate-
rial which can transport carriers injected from the first elec-
trode 100. It is acceptable as long as the second layer 102 has
a thickness of 0.1 nm or more and less than 5 nm, preferably
0.5 nm or more and 3 nm or less, and more preferably 1 nm or
more and 2 nm or less. It is to be noted that an energy gap
denotes an energy gap between a LUMO level and a HOMO
level.

By providing the fourth layer 105, carriers can be injected
and transported from the second electrode 104 more
smoothly.

In a case where light emission is obtained in applying a
voltage of a certain level or more to the first electrode 100 of
the light emitting element of the present invention having
such a structure so that a potential of the first electrode 100 is
higher than that of the second electrode 104, carriers trans-
ported by the first layer 101 are holes, and the first layer 101
serves as a hole transporting layer and is made of a material
having a high hole transporting property. Carriers transported
by the fourth layer 105 are electrons, and the fourth layer 105
serves as an electron transporting layer and is made of a
material having a high electron transporting property. In addi-
tion, the second layer 102 is made of a material which can
transport holes.

In a case where light emission is obtained in applying a
voltage of a certain level or more to the first electrode 100 so
that a potential of the first electrode 100 is lower than that of
the second electrode 104, carriers transported by the first
layer 101 are electrons, and the first layer 101 serves as an
electron transporting layer and is made of a material having a
high electron transporting property. Carriers transported by
the fourth layer 105 are holes, and the fourth layer 105 serves
as a hole transporting layer and is made of a material having
a high hole transporting property. The second layer 102 is
made of a material which can transport electrons.

A specific example of a material which can be used for the
second layer 102 is the same as that described in Embodiment
Mode 1; therefore, the explanation will not be repeated. In
addition, a specific example of a material having a high hole
transporting property or a material having a high electron
transporting property used for the first1ayer 101 is the same as
that described in Embodiment Mode 1. It is to be noted that a
material having a high hole transporting property or a mate-
rial having a high electron transporting property used for the
fourth layer 105 is the same as the material having a high hole
transporting property or the material having a high electron

20

25

40

45

60

65

14

transporting property given as the material for the first layer
101 in Embodiment Mode 1; therefore, refer to the descrip-
tion.

Although the second layer 102 is expressed as a film in this
specification, there is a possibility that the second layer 102 is
too thin to be a complete film shape, and that the second layer
102 is formed in an island-like shape. Even in such a case, the
structure of the present invention functions effectively. In the
present invention, in a case of forming the second layer 102,
a calibration curve of evaporation time against evaporation
thickness is created under the same evaporation condition as
a case of actually forming the second layer, and it is consid-
ered that the second layer 102 having a specific thickness is
formed by evaporation for a period required for a desired
thickness on the calibration curve.

Here, in a light emitting element shown in FIG. 2A, which
is a light emitting element of the present invention, the second
layer 102 is formed between the third layer 103, which is a
light emitting layer, and the first layer 101, which is a carrier
transporting layer. As described above, the second layer 102
has an energy gap larger than that of the first layer 101 and
equal to or larger than that of the host material and is formed
to have a thickness of 0.1 nm or more and less than 5 nm,
preferably 0.5 nm or more and 3 nm or less, and more pref-
erably 1 nm or more and 2 nm or less.

By providing such a second layer 102, even if an energy
gap of the third layer 103 is smaller than that of the first layer
101, movement of excitation energy from the third layer 103
to the first layer 101 can be effectively suppressed. As a result,
a light emitting element with improved luminous efficiency
can be obtained.

Moreover, a light emitting element can be obtained, in
which a drive voltage is hardly increased compared with a
normal element in which the second layer 102 is not formed.
In addition, a range of choice of a material which can be used
for the firstlayer 101, whichis a carrier transporting layer, can
be drastically widened because of the existence of the second
layer 102.

It is to be noted that a low carrier transporting property of
the second layer 102 is acceptable as long as the relation of
energy gaps is satisfied and carriers can flow. Further, the
second layer 102 is extremely thin. Therefore, a material,
because of which reliability of a light emitting element itself
becomes conventionally low owing to reliability of the mate-
rial itself when the material is used for other layers, can be
used as a material for the second layer 102 without reduction
in reliability of a light emitting element. This is one of great
features of the present invention.

According to the light emitting element of the present
invention, by including such a second layer 102, movement of
excitation energy from the third layer 103 to the first layer 101
is suppressed and an emission center material can emit light
effectively in a light emitting layer, thereby improving lumi-
nous efficiency. By the improvement of luminous efficiency,
the same luminance can be obtained with a smaller amount of
current than a conventional amount, and deterioration of a
light emitting element is suppressed. Thus, a light emitting
element with improved reliability can be obtained. In addi-
tion, a drive voltage can also be reduced. It is to be noted that,
in the light emitting element of the present invention, the
second layer 102 is extremely thin; therefore, increase in a
drive voltage due to the formation of the second layer 102 is
not caused. Accordingly, an effect of reducing a drive voltage
accompanied with the improvement of luminous efficiency
becomes further remarkable.

An electrode through which light is to be extracted, which
1s the first electrode 100 or the second electrode 104, is made
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of a conductive material having a light transmitting property.
At this time, the other electrode is made of a material having
high reflectance, and thus, light emission can be extracted
effectively. Further, when both of the electrodes are made of
a conductive material having a light transmitting property,
light can be extracted from both sides of a light emitting
element. It is to be noted that a conductive material having a
high work function (work function of 4.0 eV or more) is
desirably used for an electrode to which a high voltage is
applied in obtaining light emission from the third layer 103,
which is a light emitting layer, and a conductive material
having a low work function (work function of 3.8 €V or less)
is desirably used for an electrode to which a low voltage is
applied in obtaining light emission. However, by providing a
material favorable for an injecting property of carriers to be in
contact with the electrode to which a low voltage is applied, a
conductive material can be used for the electrode regardless
ofits work function. A specific material for these electrodes is
the same as that described in Embodiment Mode 1; therefore,
the explanation will not be repeated.

Further, the emission center substance and the host mate-
rial are also the same as that described in Embodiment Mode
L.

The matter other than that explained in this embodiment
mode is the same as Embodiment Mode 1, and refer to the
explanation in Embodiment Mode 1.

Embodiment Mode 4

FIG. 2B is a schematic view showing one structure of a
light emitting element of the present invention. A light emit-
ting element of the present invention shown by FIG. 2Bhas a
light emitting laminated body including a first layer 101, a
second layer 102, a third layer 103, and a fourth layer 105
between a first electrode 100 and a second electrode 104. FIG.
2B and FIG. 2A are different from each other in terms of a
structure in which the fourth layer 105, the third layer 103, the
second layer 102, and the first layer 101 are laminated in this
order from a first electrode 100 side in FIG. 2B. Such a
structure may be used for the present invention.

The first layer 101 1s a layer having a high transporting
property of carriers injected from the second electrode 104,
and the fourth layer 105 is a layer having a high transporting
property of carriers injected from the first electrode 100 (car-
rier transporting layer). The third layer 103 is a light emitting
layer for obtaining desired light emission. The third layer 103,
which is a light emitting layer, has a structure in which a
material to bean emission center (emission center material) is
dispersed in a host material.

The second layer 102 has an energy gap larger than that of
the first layer 101 and equal to or larger than that of the host
material. In addition, the second layer 102 is made of a mate-
rial which can transport carriers injected from the second
electrode 104. It is acceptable as long as the second layer 102
has a thickness of 0.1 nm or more and less than 5 nm, pref-
erably 0.5 nm or more and 3 nm or less, and more preferably
1 nm or more and 2 nm or less. It is to be noted that an energy
gap denotes an energy gap between a LUMO level and a
HOMO level.

By providing the fourth layer 105, carriers can be injected
and transported from the first electrode 100 more smoothly.

In a case where light emission is obtained in applying a
voltage of a certain level or more to the first electrode 100 of
the light emitting element of the present invention having
such a structure so that a potential of the first electrode 100 is
higher than that of the second electrode 104, carriers trans-
ported by the first layer 101 are electrons, and the first layer

20

25

40

45

60

65

16

101 serves as an electron transporting layer and is made of a
material having a high electron transporting property. Carri-
ers transported by the fourth layer 105 are holes, and the
fourth layer 105 serves as a hole transporting layer and is
made of a material having a high hole transporting property.
In addition, the second layer 102 is made of a material which
can transport electrons.

Alternatively, in a case where light emission is obtained in
applying a voltage of a certain level or more to the first
electrode 100 so that a potential of the first electrode 100 is
lower than that of the second electrode 104, carriers trans-
ported by the first layer 101 are holes, and the first layer 101
serves as a hole transporting layer and is made of a material
having a high hole transporting property. Carriers transported
by the fourth layer 105 are electrons, and the fourth layer 105
serves as an electron transporting layer and is made of a
material having a high electron transporting property. The
second layer 102 is made of a material which can transport
holes.

A specific example of a material which can be used for the
second layer 102 is the same as that described in Embodiment
Mode 1; therefore, the explanation will not be repeated. In
addition, a specific example of a material having a high elec-
tron transporting property or a material having a high hole
transporting property used for the firstlayer 101 is the same as
that described in Embodiment Mode 1. It is to be noted that a
material having a high hole transporting property or a mate-
rial having a high electron transporting property used for the
fourth layer 105 is the same as the material having a high hole
transporting property or the material having a high electron
transporting property given as the material for the first layer
101 in Embodiment Mode 1; therefore, refer to the descrip-
tion.

Although the second layer 102 is expressed as a film in this
specification, there is a possibility that the second layer 102 is
too thin to be a complete film shape, and that the second layer
102 is formed in an island-like shape. Even in such a case, the
structure of the present invention functions effectively. In the
present invention, in a case of forming the second layer 102,
a calibration curve of evaporation time against evaporation
thickness is created under the same evaporation condition as
a case of actually forming the second layer, and it is consid-
ered that the second layer 102 having a specific thickness is
formed by evaporation for a period required for a desired
thickness on the calibration curve.

Here, in a light emitting element shown in FI1G. 2B, which
is a light emitting element ofthe present invention, the second
layer 102 is formed between the third layer 103, which is a
light emitting layer, and the first layer 101, which is a carrier
transporting layer. As described above, the second layer 102
has an energy gap larger than that of the first layer 101 and
equal to or larger than that of the host material and is formed
to have a thickness of 0.1 nm or more and less than 5 nm,
preferably 0.5 nm or more and 3 nm or less, and more pref-
erably 1 nm or more and 2 nm or less.

By providing such a second layer 102, even if an energy
gap of the third layer 103 is larger than that of the first layer
101, movement of excitation energy from the third layer 103
to the first layer 101 can be effectively suppressed. As a result,
a light emitting element with improved luminous efficiency
can be obtained.

Moreover, a light emitting element can be obtained, in
which a drive voltage is hardly increased compared with a
normal element in which the second layer 102 is not formed.
In addition, a range of choice of a material which can be used
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for the first layer 101, which is a carrier transporting layer, can
be drastically widened because of the existence of the second
layer 102.

It is to be noted that a low carrier transporting property of
the second layer 102 is acceptable as long as the relation of
energy gaps is satisfied and carriers can flow. Further, the
second layer 102 is extremely thin. Therefore, a material,
because of which reliability of a light emitting element itself
becomes conventionally low owing to reliability of the mate-
rial itself when the material is used for other layers, can be
used as a material for the second layer 102 without reduction
in reliability of a light emitting element. This is one of great
features of the present invention.

According to the light emitting element of the present
invention, by including such a second layer 102, movement of
excitation energy from the third layer 103 to the first layer 101
is suppressed and an emission center material can emit light
effectively in a light emitting layer, thereby improving lumi-
nous efficiency. By the improvement of luminous efficiency,
the same luminance can be obtained with a smaller amount of
current than a conventional amount, and deterioration of a
light emitting element is suppressed. Thus, a light emitting
element with improved reliability can be obtained. In addi-
tion, a drive voltage can also be reduced. It is to be noted that,
in the light emitting element of the present invention, the
second layer 102 is extremely thin; therefore, increase in a
drive voltage due to the formation of the second layer 102 is
not caused. Accordingly, an effect of reducing a drive voltage
accompanied with the improvement of luminous efficiency
becomes further remarkable.

An electrode through which light is to be extracted, which
1s the first electrode 100 or the second electrode 104, is made
of a conductive material having a light transmitting property.
At this time, the other electrode is made of a material having
high reflectance, and thus, light emission can be extracted
effectively. Further, when both of the electrodes are made of
a conductive material having a light transmitting property,
light can be extracted from both sides of a light emitting
element.

It is to be noted that a conductive material having a high
work function (work function of 4.0 €V or more) is desirably
used for an electrode to which a high voltage is applied in
obtaining light emission from the third layer 103, which is a
light emitting layer, and a conductive material having a low
work function (work function of 3.8 eV or less) is desirably
used for an electrode to which a low voltage is applied in
obtaining light emission. However, by providing a material
favorable for an injecting property of carriers to be in contact
with the electrode to which a low voltage is applied, a con-
ductive material can be used for the electrode regardless of its
work function. A specific material for these electrodes is the
same as that described in Embodiment Mode 1; therefore, the
explanation will not be repeated.

Further, the emission center substance and the host mate-
rial are also the same as that described in Embodiment Mode
L.

The matter other than that explained in this embodiment
mode is the same as Embodiment Mode 1, and refer to the
explanation in Embodiment Mode 1.

Embodiment Mode 5

FIG. 2C is a schematic view showing one structure of a
light emitting element of the present invention. A light emit-
ting element of the present invention shown by FIG. 2C has a
light emitting laminated body including a first layer 101, a
second layer 102, a third layer 103, a fifth layer 106, and a
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fourth layer 105 between a first electrode 100 and a second
electrode 104. FIG. 2C and FIG. 2A are different from each
other in terms of a structure in which the fifth layer 106 is
provided between the third layer 103 and the fourth layer 105
in FIG. 2C. Such a structure may be used for the present
invention.

The first layer 101 is a layer having a high transporting
property of carriers injected from the first electrode 100, and
the fourth layer 105 is a layer having a high transporting
property of carriers injected from the second electrode 104
(carrier transporting layer). The third layer 103 is a light
emitting layer for obtaining desired light emission. The third
layer 103, which is a light emitting layer, has a structure in
which a material to be an emission center (emission center
material) is dispersed in a host material.

The second layer 102 has an energy gap larger than that of
the first layer 101 and equal to or larger than that of the host
material. In addition, the second layer 102 is made of a mate-
rial which can transport carriers injected from the first elec-
trode 100.

The fifth layer 106 has an energy gap larger than that of the
fourth layer 105 and equal to or larger than that of the host
material. Further, the fifth layer 106 is made of a material
which can transport carriers injected from the second elec-
trode 104.

Itis acceptable as long as each of the second layer 102 and
the fifth layer 106 has a thickness of 0.1 nm or more and less
than 5 nm, preferably 0.5 nm or more and 3 nm or less, and
more preferably 1 nm or more and 2 nm or less. It is to be
noted that an energy gap denotes an energy gap between a
LUMO level and a HOMO level.

By providing the fifth layer 106, movement of excitation
energy from the third layer 103 to the fourth layer 105 can be
suppressed and luminous efficiency is further improved. Such
a structure is particularly effective in a case where a light
emitting region is formed in the entire region in a thickness
direction of the third layer 103, which is a light emitting layer.
Further, the present invention can be easily applied to such a
structure even if a portion where a light emitting region is
formed in the light emitting layer is obscure.

In a case where light emission is obtained in applying a
voltage of a certain level or more to the first electrode 100 of
the light emitting element of the present invention having
such a structure so that a potential of the first electrode 100 is
higher than that of the second electrode 104, carriers trans-
ported by the first layer 101 are holes, and the first layer 101
serves as a hole transporting layer and is made of a material
having ahigh hole transporting property. Carriers transported
by the fourth layer 105 are electrons, and the fourth layer 105
serves as an electron transporting layer and is made of a
material having a high electron transporting property. In addi-
tion, the second layer 102 is made of a material which can
transport holes and the fifth layer 106 is made of a material
which can transport electrons.

Alternatively, in a case where light emission is obtained in
applying a voltage of a certain level or more to the first
electrode 100 so that a potential of the first electrode 100 is
lower than that of the second electrode 104, carriers trans-
ported by the first layer 101 are electrons, and the first layer
101 serves as an electron transporting layer and is made of a
material having a high electron transporting property. Carri-
ers transported by the fourth layer 105 are holes, and the
fourth layer 105 serves as a hole transporting layer and is
made of a material having a high hole transporting property.
The second layer 102 is made of a material which can trans-
port electrons and the fifth layer 106 is made of a material
which can transport holes.
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A specific example of a material which can be used for the
second layer 102 is the same as that described in Embodiment
Mode 1; therefore, the explanation will not be repeated. A
material which can be used for the fifth layer 106 is the same
as a material which can be used for the second electrode 102;
therefore, the explanation will not be repeated.

In addition, a specific example of a material having a high
hole transporting property or a material having a high electron
transporting property used for the first layer 101 is also the
same as that described in Embodiment Mode 1. It is to be
noted that a material having a high hole transporting property
or a material having a high electron transporting property
used for the fourth layer 105 is the same as the material having
ahigh holetransporting property or the material having a high
electron transporting property given as the material for the
first layer 101 in Embodiment Mode 1; therefore, refer to the
description.

Although the second layer 102 and the fifth layer 106 are
expressed as films in this specification, there is a possibility
that each of the second layer 102 and the fifth layer 106 is too
thin to be a complete film shape, and that each of the second
layer 102 and the fifth layer 106 is formed in an island-like
shape. Even in such a case, the structure of the present inven-
tion functions effectively. In the present invention, in a case of
forming the second layer 102 and the fifth layer 106, a cali-
bration curve of evaporation time against evaporation thick-
ness is created under the same evaporation condition as a case
of actually forming the second layer 102 and the fifth layer
106, and it is considered that the second layer 102 and the fifth
layer 106 each having a specific thickness is formed by evapo-
ration for a period required for a desired thickness on the
calibration curve.

Here, in a light emitting element shown in FIG. 2C, which
is a light emitting element of the present invention, the second
layer 102 is formed between the third layer 103, which is a
light emitting layer, and the first layer 101, which is a carrier
transporting layer, and the fifth layer 106 is formed between
the third layer 103 and the fourth layer 105. As described
above, the second layer 102 has an energy gap larger than that
of the first layer 101 and equal to or larger than that of the host
material, and the fifth layer 106 has an energy gap larger than
that of the fourth layer 105 and equal to or larger than that of
the host material. Each of the second layer 102 and the fifth
layer 106 is formed to have a thickness of 0.1 nm or more and
less than 5 nm, preferably 0.5 nm or more and 3 nm or less,
and more preferably 1 nm or more and 2 nm or less.

By providing such a second layer 102 and a fifth layer 106,
even if an energy gap of the third layer 103 is larger than that
of the first layer 101 or the fourth layer 105, movement of
excitation energy from the third layer 103 to the first layer 101
or the fourth layer 105 can be effectively suppressed. As a
result, a light emitting element with improved luminous effi-
ciency can be obtained.

Moreover, a light emitting element can be obtained, in
which a drive voltage is hardly increased compared with a
normal element in which the second layer 102 and the fifth
layer 106 are not formed. In addition, a range of choice of a
material which can be used for the first layer 101 or the fourth
layer 105, which is a carrier transporting layer, can be dras-
tically widened because of the existence of the second layer
102 or the fifth layer 106.

It is to be noted that low carrier transporting properties of
the second layer 102 and the fifth layer 106 are acceptable as
long as the relation of energy gaps is satisfied and carriers can
flow. Further, the second layer 102 or the fifth layer 106 is
extremely thin. Therefore, a material, because of which reli-
ability of a light emitting element itself becomes convention-
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ally low owing to reliability of the material itself when the
material is used for other layers, can be used as a material for
the second layer 102 or the fifth layer 106 without reduction
in reliability of a light emitting element. This is one of great
features of the present invention.

According to the light emitting element of the present
invention, by including such a second layer 102 and a fifth
layer 106, movement of excitation energy from the third layer
103 to the first layer 101 and the fourth layer 105 is sup-
pressed and an emission center material can emit light effec-
tively in a light emitting layer, thereby improving luminous
efficiency. By the improvement of luminous efficiency, the
same luminance can be obtained with a smaller amount of
current than a conventional amount, and deterioration of a
light emitting element is suppressed. Thus, a light emitting
element with improved reliability can be obtained. In addi-
tion, a drive voltage can also be reduced. It is to be noted that,
in the light emitting element of the present invention, the
second layer 102 and the fifth layer 106 are extremely thin;
therefore, increase in a drive voltage due to the formation of
these layers is not caused. Accordingly, an effect of reducing
a drive voltage accompanied with the improvement of lumi-
nous efficiency becomes further remarkable.

An electrode through which light is to be extracted, which
1s the first electrode 100 or the second electrode 104, is made
of a conductive material having a light transmitting property.
At this time, the other electrode is made of a material having
high reflectance, and thus, light emission can be extracted
effectively. Further, when both of the electrodes are made of
a conductive material having a light transmitting property,
light can be extracted from both sides of a light emitting
element.

It is to be noted that a conductive material having a high
work function (work function of 4.0 eV or more) is desirably
used for an electrode to which a high voltage is applied in
obtaining light emission from the third layer 103, which is a
light emitting layer, and a conductive material having a low
work function (work function of 3.8 eV or less) is desirably
used for an electrode to which a low voltage is applied in
obtaining light emission. However, by providing a material
favorable for an injecting property of carriers to be in contact
with the electrode to which a low voltage is applied, a con-
ductive material can be used for the electrode regardless of'its
work function. A specific material for these electrodes is the
same as that described in Embodiment Mode 1; therefore, the
explanation will not be repeated.

Further, the emission center substance and the host mate-
rial are also the same as that described in Embodiment Mode
1.

The matter other than that explained in this embodiment
mode is the same as Embodiment Mode 1, and refer to the
explanation in Embodiment Mode 1.

Embodiment Mode 6

FIGS. 3A and 3B are schematic views each showing one
structure of a light emitting element of the present invention.
A light emitting element of the present invention shown by
FIG. 3A has a light emitting laminated body including a first
layer 101, a second layer 102, a third layer 103, a fourth layer
105, a sixth layer 107, and a seventh layer 108 between a first
electrode 100 and a second electrode 104. F1G. 3A and FIG.
2A are different from each other in terms of a structure in
which the sixth layer 107 is provided between the first layer
101 and the first electrode 100 and the seventh layer 108 is
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provided between the fourth layer 105 and the second elec-
trode 104 in FIG. 3A. Such a structure may be used for the
present invention.

Further, FIG. 3B and FIG, 2C are different from each other
in terms of a structure in which the sixth layer 107 is provided
between the first layer 101 and the first electrode 100 and the
seventh layer 108 is provided between the fourth layer 105
and the second electrode 104 in FIG. 3B.

In FIGS. 3A and 3B, the first layer 101 is a layer having a
high transporting property of carriers injected from the first
electrode 100, and the fourth layer 105 is a layer having a high
transporting property of carriers injected from the second
electrode 104 (carrier transporting layer). The third layer 103
is a light emitting layer for obtaining desired light emission.
The third layer 103, which is a light emitting layer, has a
structure in which a material to be an emission center (emis-
sion center material) is dispersed in a host material. Further,
the sixth layer 107 is a layer favorable for injection of carriers
from the first electrode 100 and the seventh layer 108 is a layer
favorable for injection of carriers from the second electrode
104 (carrier injecting layer).

In FIG. 3A, the second layer 102 has an energy gap larger
than that of the first layer 101 and equal to or larger than that
of the host material.

In FIG. 3B, the second layer 102 is made of a material
which can transport carriers injected from the first electrode
100. The fifth layer 106 has an energy gap larger than that of
the fourth layer 105 and equal to or larger than that of the host
material. Further, the fifth layer 106 is made of a material
which can transport carriers injected from the second elec-
trode 104.

It is acceptable as long as each of the second layer 102 and
the fifth layer 106 has a thickness of 0.1 nm or more and less
than 5 nm, preferably 0.5 nm or more and 3 nm or less, and
more preferably 1 nm or more and 2 nm or less. It is to be
noted that an energy gap denotes an energy gap between a
LUMO level and a HOMO level.

One or both of the sixth layer 107 and the seventh layer
108, which are carrier injecting layers, may be formed. By
forming the layer, carriers are easily injected from the elec-
trode to the light emitting laminated body and a drive voltage
can be reduced.

In a case where light emission is obtained in applying a
voltage of a certain level or more to the first electrode 100 of
the light emitting element of the present invention having a
structure shown in FIG. 3A so that a potential of the first
electrode 100 is higher than that of the second electrode 104,
carriers injected from the first electrode 100 are holes, and the
sixth layer 107 serves as a hole injecting layer and is made of
a material favorable for injection of holes. The first layer 101
serves as a hole transporting layer and is made of a material
having a hole transporting property. Carriers injected from
the second electrode 104 are electrons, and the seventh layer
108 serves as an electron injecting layer and is made of a
material favorable for injection of electrons. In addition, the
fourth layer serves as an electron transporting layer and is
made of a material having a high electron transporting prop-
erty.

The second layer 102 is made of a material which can
transport holes. It is to be noted that a specific example of a
material which can be used for the second layer 102 is the
same as that in Embodiment Mode 1; therefore, the explana-
tion will not be repeated.

In a case where light emission is obtained in applying a
voltage of a certain level or more to the first electrode 100 so
that a potential of the first electrode 100 is lower than that of
the second electrode 104, carriers injected from the first elec-
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trode 100 are electrons, and the sixth layer 107 serves as an
electroninjecting layer and is made ofa material favorable for
injection of electrons. The first layer 101 serves as an electron
transporting layer and is made of a material having a high
electron transporting property. At this time, carriers injected
from the second electrode 104 are holes, and the seventh layer
108 serves as a hole injecting layer and is made of a material
favorable for injection ofholes. The fourth layer 105 serves as
a hole transporting layer and is made of a material having a
high hole transporting property.

The second layer 102 is made of a material which can
transport electrons. A specific example of a material which
can be used for the second layer 102 is the same as that
described in Embodiment Mode 1; therefore, the explanation
will not be repeated.

In a case where light emission 1s obtained in applying a
voltage of a certain level or more to the first electrode 100 of
the light emitting element of the present invention having a
structure shown in FIG. 3B so that a potential of the first
electrode 100 is higher than that of the second electrode 104,
carriers injected from the first electrode 100 are holes, and the
sixth layer 107 serves as a hole injecting layer and is made of
amaterial favorable for injection of holes. The first layer 101
serves as a hole transporting layer and is made of a material
having a high hole transporting property. At this time, carriers
injected from the second electrode 104 are electrons, and the
seventh layer 108 serves as an electron injecting layer and is
made of a material favorable for injection of electrons. The
fourth layer serves as an electron transporting layer and is
made of a material having an electron transporting property.

The second layer 102 is made of a material which can
transport holes, and the fifth layer 106 is made of a material
which can transport electrons. It is to be noted that a specific
example of a material which can be used for the second layer
102 and the fifth layer 106 is the same as that described in
Embodiment Mode 1; therefore, the explanation will not be
repeated.

In a case where light emission is obtained in applying a
voltage of a certain level or more to the first electrode 100 of
the light emitting element of the present invention having a
structure shown in FIG. 3B so that a potential of the first
electrode 100 is lower than that of the second electrode 104,
carriers injected from the first electrode 100 are electrons, and
the sixth layer 107 serves as an electron injecting layer and is
made of a material favorable for injection of electrons. The
first layer 101 serves as an electron transporting layer and is
made of a material having a high electron transporting prop-
erty. At this time, carriers injected from the second electrode
104 are holes, and the seventh layer 108 serves as a hole
injecting layer and is made of a material favorable for injec-
tion of holes. The fourth layer 105 serves as a hole transport-
ing layer and is made of a material having a high hole trans-
porting property.

The second layer 102 is made of a material which can
transport electrons, and the fifth layer 106 is made of a mate-
rial which can transport holes. It is to be noted that a specific
example of a material which can be used for the second layer
102 and the fifth layer 106 is the same as that described in
Embodiment Mode 1; therefore, the explanation will not be
repeated.

In addition, a specific example of a material having a high
hole transporting property or a material having a high electron
transporting property used for the first layer 101 is also the
same as that described in Embodiment Mode 1. It is to be
noted that a material having a high hole transporting property
or a material having a high electron transporting property
used for the fourth layer 105 is the same as the material having
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ahigh holetransporting property or the material having a high
electron transporting property given as the material for the
first layer 101 in Embodiment Mode 1; therefore, refer to the
description. A material having a high hole transporting prop-
erty and a material having a high electron transporting prop-
erty given as the material for the first layer 101 can be respec-
tively used as a material favorable for injection of holes and a
material favorable for injection of electrons, which can be
used for the sixth layer 107 and the seventh layer 108. How-
ever, it is preferable to use a material having a comparatively
high injection property of carriers than the first layer 101 and
the fourth layer 105.

As another material favorable for injection of holes, metal
oxide such as vanadium oxide, molybdenum oxide, ruthe-
nium oxide, or aluminum oxide may be used. An adequate
organic compound may be mixed into these oxides. Alterna-
tively, when an organic compound is used, a porphyrin-based
compound is effective, and phthalocyanine (abbreviation:
H,-Pc), copper phthalocyanine (abbreviation: Cu-Pc), or the
like can be used. In addition, a material in which chemical
doping is conducted to a conductive high molecular com-
pound may be used, and polyethylene dioxythiophene (ab-
breviation: PEDOT) and polyaniline (abbreviation: PAni)
doped with polystyrene sulfonate (abbreviation: PSS), or the
like can be used.

As another material favorable for injection of electrons,
alkaline earth metal salt such as calcium fluoride, alkali metal
salt such as lithium fluoride, lithium oxide, or lithium chlo-
ride, or the like is preferable. Further, a layer to which a donor
compound such as lithium is added to tris(8-quinolinolato)
aluminum (abbreviation: Algs,), bathocuproin (abbreviation:
BCP), or the like can be used.

Although the second layer 102 and the fifth layer 106 are
expressed as films in this specification, there is a possibility
that each of the second layer 102 and the fifth layer 106 is too
thin to be a complete film shape, and that each of the second
layer 102 and the fifth layer 106 is formed in an island-like
shape. Even in such a case, the structure of the present inven-
tion functions effectively. In the present invention, in a case of
forming the second layer 102 and the fifth layer 106, a cali-
bration curve of evaporation time against evaporation thick-
ness is created under the same evaporation condition as a case
of actually forming the second layer 102 and the fifth layer
106, and it is considered that the second layer 102 and the fifth
layer 106 each having a specific thickness are formed by
evaporation for a period required for a desired thickness on
the calibration curve.

Here, in light emitting elements shown in FIGS. 3A and
3B, which are light emitting elements of the present inven-
tion, the second layer 102 is formed between the third layer
103, which is a light emitting layer, and the first layer 101,
which is a carrier transporting layer. As described above, the
second layer 102 has an energy gap larger than that of the first
layer 101 and equal to or larger than that of the host material
and is formed to have a thickness of 0.1 nm or more and less
than 5 nm, preferably 0.5 nm or more and 3 nm or less, and
more preferably 1 nm or more and 2 nm or less.

By providing such a second layer 102, even if an energy
gap of the third layer 103 is larger than that of the first layer
101, movement of excitation energy from the third layer 103
to the first layer 101 can be effectively suppressed. As a result,
a light emitting element with improved luminous efficiency
can be obtained.

In addition, by providing the fifth layer 106, even if an
energy gap of the third layer 103 is larger than that of the
fourth layer 105, movement of excitation energy from the
third layer 103 to the fourth layer 105 can be effectively
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suppressed. As a result, a light emitting element with
improved luminous efficiency can be obtained.

Moreover, a light emitting element can be obtained, in
which a drive voltage is hardly increased compared with a
normal element in which one or both of the second layer 102
and the fifth layer 106 is/are not formed. In addition, a range
of choice of amaterial which can be used for the first layer 101
and the fourth layer 105, which are carrier transporting layers,
can be drastically widened because of the existence of the
second layer 102 and the fifth layer 106.

Tt is to be noted that low carrier transporting properties of
the second layer 102 and the fifth layer 106 are acceptable as
long as the relation of energy gaps is satisfied and carriers can
flow. Further, the second layer 102 and the fifth layer 106 are
extremely thin. Therefore, a material, because of which reli-
ability of a light emitting element itself becomes convention-
ally low owing to reliability of the material itself when the
material is used for other layers, can be used as a material for
the second layer 102 and the fifth layer 106 without reduction
in reliability of a light emitting element. This is one of great
features of the present invention.

According to the light emitting element of the present
invention, by including one or both of such a second layer 102
and a fifth layer 106, movement of excitation energy from the
third layer 103 to the first layer 101, or from the third layer
103 to the fourth layer 105, or both is suppressed and an
emission center material can emit light effectively in a light
emitting layer, thereby improving luminous efficiency. By the
improvement of luminous efficiency, the same luminance can
be obtained with a smaller amount of current than a conven-
tional amount, and deterioration of a light emitting element is
suppressed. Thus, a light emitting element with improved
reliability can be obtained.

In addition, a drive voltage can also be reduced. It is to be
noted that, in the light emitting element of the present inven-
tion, the second layer 102 and the fifth layer 106 are extremely
thin; therefore, increase in a drive voltage due to the forma-
tion of the second layer 102 or the fifth layer 106, or both is
not caused. Accordingly, an effect of reducing a drive voltage
accompanied with the improvement of luminous efficiency
becomes further remarkable.

An electrode through which light is to be extracted, which
1s the first electrode 100 or the second electrode 104, is made
of a conductive material having a light transmitting property.
At this time, the other electrode is made of a material having
high reflectance, and thus, light emission can be extracted
effectively. Further, when both of the electrodes are made of
a conductive material having a light transmitting property,
light can be extracted from both sides of a light emitting
element.

It is to be noted that a conductive material having a high
work function (work function of 4.0 eV or more) is desirably
used for an electrode to which a high voltage is applied in
obtaining light emission from the third layer 103, which is a
light emitting layer, and a conductive material having a low
work function (work function of 3.8 eV or less) is desirably
used for an electrode to which a low voltage is applied in
obtaining light emission. However, by providing a material
favorable for an injecting property of carriers to be in contact
with the electrode to which a low voltage is applied, a con-
ductive material can be used for the electrode regardless of its
work function. A specific material for these electrodes is the
same as that described in Embodiment Mode 1; therefore, the
explanation will not be repeated.

Further, the emission center substance and the host mate-
rial are also the same as that described in Embodiment Mode
1.
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The matter other than that explained in this embodiment
mode is the same as Embodiment Mode 1, and refer to the
explanation in Embodiment Mode 1.

The sixth layer 107 or the seventh layer 108 can be applied
to another structure of the present invention in combination
with Embodiment Modes 1to 5.

Embodiment Mode 7

A light emitting device of the present invention and a
method for manufacturing thereof will be explained in this
embodiment mode with reference to FIGS. 4A to 4E and
FIGS. 5A to 5C. In this embodiment mode, an example of
manufacturing an active matrix light emitting device will be
described. However, as a matter of course, the present inven-
tion can also be applied to a passive light emitting device.

After forming a first base insulating layer 51a and a second
base insulating layer 515 over a substrate 50, a semiconductor
layer is formed over the second base insulating layer 514.

As a material for the substrate 50, glass, quartz, plastic
(such as polyimide, acrylic, polyethylene terephthalate, poly-
carbonate, polyacrylate, and polyether sulfone), or the like
can be used. A substrate made of such a material may be used
after being polished with CMP or the like if necessary. In this
embodiment mode, a glass substrate is used.

The first base insulating layer 51a and the second base
insulating layer 515 are provided to prevent an element which
adversely affects characteristics of the semiconductor film
such as alkali metal and alkali earth metal from dispersing
into the semiconductor film. As a material for the first base
insulating layer 51a and the second base insulating layer 515,
silicon oxide, silicon nitride, silicon oxide containing nitro-
gen, silicon nitride containing oxygen, and the like can be
used. In this embodiment mode, the first base insulating layer
51a is formed using silicon nitride and the second base insu-
lating layer 515 is formed using silicon oxide. Although a
base insulating film is formed to be two layers including the
first base insulating layer 51a and the second base insulating
layer 515 in this embodiment mode, the base insulating film
may be formed to be a single layer or two or more layers. In
addition, when dispersion of an impurity from the substrate
causes no problems, these base insulating layers are not nec-
essary to be provided.

The semiconductor layer, which is formed after the forma-
tion of the first and second base insulating layers, is obtained
by crystallizing an amorphous silicon film by laser. Specifi-
cally, an amorphous silicon film is formed over the second
base insulating layer 515 to have a thickness 0f 25 to 100 nm
(preferably, 30 to 60 nm). As a method for forming the amor-
phous silicon film, a known method such as a sputtering
method, a reduced pressure CVD method, or a plasma CVD
method can be used. Thereafter, heat treatment is performed
at 500° C. for 1 hour to perform dehydrogenation.

Subsequently, the amorphous silicon film is crystallized
using a laser irradiation apparatus to form a crystalline silicon
film. In the laser crystallization of this embodiment mode, an
excimer laser i1s used, and laser beam oscillated from the
excimer laser is processed into a linear beam spot using an
optical system. Then, the amorphous silicon film is irradiated
with the linear beam spot so as to obtain the crystalline silicon
film. This crystalline silicon film is used as the semiconductor
layer.

As another method for crystallizing an amorphous silicon
film, there are a crystallization method only using heat treat-
ment, a method performing heat treatment by using a catalytic
element for accelerating crystallization, and the like. As an
element for accelerating crystallization, nickel, iron, palla-
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dium, tin, lead, cobalt, platinum, copper, gold, and the like
can be given. As compared to a case where crystallization is
performed only by heat treatment, when crystallization is
performed using such an element for accelerating crystalli-
zation, crystallization is performed at lower temperature for
shorter time, which results in less damage to a glass substrate
and the like. When crystallization is performed only by heat
treatment, a quartz substrate, which is resistant to heat, or the
like may be used as the substrate 50.

Next, in order to control a threshold value, a minute amount
of an impurity is added to the semiconductor layer, if neces-
sary. That is, channel doping is performed. To obtain a
required threshold value, an impurity (such as phosphorus
and boron) having an n-type conductivity or a p-type conduc-
tivity is added to the semiconductor layer by ion doping or the
like.

Thereafter, the semiconductor layer is patterned into a
predetermined shape to obtain an island-like semiconductor
layer 52. The semiconductor layer is formed in the following
manner: a photoresist is applied to the semiconductor layer, a
predetermined shape is exposed., baking and developing are
performed to form a resist mask over the semiconductor layer,
and the semiconductor layer is etched using the resist mask.

Subsequently, a gate insulating layer 53 is formed to cover
the semiconductor layer 52. The gate insulating layer 53 is
formed using an insulating layer containing silicon to have a
thickness of 40 to 150 nm by a plasma CVD method or a
sputtering method. In this embodiment mode, the gate insu-
lating layer 53 is formed using silicon oxide.

A gate electrode 54 is formed over the gate insulating layer
53. The gate electrode 54 is formed using an element selected
from tantalum, tungsten, titanium, molybdenum, aluminum,
copper, chromium, and niobium; or an alloy material or a
compound material containing the above mentioned element
as its main component. Further, a semiconductor film typified
by a polycrystalline silicon film doped with an impurity ele-
ment such as phosphorus may be used. In addition, an AgP-
dCu alloy may be used.

Although the gate electrode 54 is formed to be a single
layer in this embodiment mode, the gate electrode 54 may be
formed to have a laminated structure including two or more
layers such as a lower layer made of tungsten and an upper
layer made of molybdenum. When the gate electrode is
formed to have a laminated structure, the above mentioned
materials may be used. Further, a combination of the above
mentioned materials may arbitrarily be selected. The gate
electrode 54 is etched utilizing a mask made of a photoresist.

Subsequently, ahigh concentration impurity is added to the
semiconductor layer 52 while utilizing the gate electrode 54
as a mask. Thus, a thin film transistor 70 including the semi-
conductor layer 52, the gate insulating layer 53, and the gate
electrode 54 is formed.

Further, the steps of manufacturing the thin film transistor
are not particularly limited, and the steps thereof may arbi-
trarily be changed to obtain a thin film transistor with a
desired structure.

A top-gate type thin film transistor using the crystalline
silicon film, which is crystallized by using laser crystalliza-
tion, 1s formed in this embodiment mode. Alternatively, a
bottom-gate type thin film transistor using an amorphous
semiconductor film can be used for a pixel portion. The amor-
phous semiconductor film can use not only silicon but also
silicon germanium. When using silicon germanium, the con-
centration of germanium is preferably set to be about 0.01 to
4.5 atomic %.

Then, an impurity element is added to the semiconductor
layer 52 while utilizing the gate electrode 54 as a mask. An
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impurity element is an element which can impart one con-
ductivity type to the semiconductor layer 52. Phosphorus can
be typically given as an impurity element imparting n-type
conductivity; and boron or the like, as an impurity element
imparting p-type conductivity. However, it is desirable to
select an impurity element so as to be p-type in a case where
a first electrode of'the light emitting element is made to serve
as an anode, and it is desirable to select an impurity element
so as to be n-type in a case where a first electrode of the light
emitting element is made to serve as a cathode.

Subsequently, an insulating film (hydrogenated film) 59 is
formed by using silicon nitride so as to cover the gate elec-
trode 54 and the gate insulating layer 53. The insulating film
(hydrogenated film) 59 is heated at 480° C. for about 1 hour to
activate the impurity element and hydrogenate the semicon-
ductor layer 52 (FIG. 4A).

Subsequently, a first interlayer insulating layer 60 is
formed to cover the insulating film (hydrogenated film) 59.
As a material for forming the first interlayer insulating layer
60, silicon oxide, acrylic. polyimide, a Low-k material, and
the like may be used. In addition, a material, which is com-
posed of a skeleton formed by the bond of silicon (Si) and
oxygen (O) and includes, as the substituent, an organic group
containing at least hydrogen (such as an alkyl group or an aryl
group), a fluoro group, or a fluoro group and an organic group
containing at least hydrogen can also be used. The material is
referred to as so-called siloxane. In this embodiment mode, a
silicon oxide film is formed as the first interlayer insulating
layer (FIG. 4B).

Next, contact holes that reach the semiconductor layer 52
are formed. The contact holes can be formed by etching to
expose the semiconductor layer 52 using a resist mask. The
contact holes can be formed by either wet etching or dry
etching. Further, they may be formed by etching one or more
times depending on a condition. When etching is performed
plural times, both wet etching and dry etching may be used
(FIG. 4C).

A conductive layer is formed to cover the contact holes and
the first interlayer insulating layer 60. This conductive layer is
processed into a desired shape to form a connection portion
61a, awiring 615, and the like. This wiring may have a single
layer made of aluminum, copper, an aluminum-carbon-nickel
alloy, an aluminum-carbon-molybdenum alloy, or the like.
Further, the wiring may have a structure formed by laminat-
ing molybdenum, aluminum, and molybdenum from a sub-
strate side, a structure formed by laminating titanium, alumi-
num, and titanium from the substrate side, or a structure
formed by laminating titanium, titanium nitride, aluminum,
and titanium from the substrate side (FIG. 4D).

Thereafter, a second interlayer insulating layer 63 is
formed to cover the connection portion 61a, the wiring 615,
and the first interlayer insulating layer 60. As a material for
the second interlayer insulating layer 63, a film formed by
application of acrylic, polyimide, siloxane, or the like having
aself-planarizing property is preferably used. In this embodi-
ment mode, siloxane is used to form the second interlayer
insulating layer 63 (FI1G. 4E).

Subsequently, an insulating layer may be formed using
silicon nitride or the like over the second interlayer insulating
layer 63. This insulating layer is formed to prevent the second
interlayer insulating layer 63 from being etched more than
necessary in etching a pixel electrode that will be formed
later. Therefore, when the ratio ofthe etching rate between the
pixel electrode and the second interlayer insulating layer is
large, this insulating layer may not be provided. Next, a
contact hole is formed through the second interlayer insulat-
ing layer 63 to reach the connection portion 61a.
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A conductive layer having a light transmitting property is
formed to cover the contact hole and the second interlayer
insulating layer 63 (or the insulating layer). Thereafter, the
conductive layer having a light transmitting property is pro-
cessed to form a first electrode 64 of a thin-film light emitting
element. Here, the first electrode 64 is electrically connected
to the connection portion 61a.

The first electrode 64 can be made of metal having con-
ductivity such as aluminum (Al), silver (Ag), gold (Au),
platinum (Pt), nickel (Ni), tungsten (W), chromium (Cr),
molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu), pal-
ladium (Pd), lithium (Li), cesium (Cs), magnesium (Mg),
calcium (Ca), strontium (Sr), or titanium (Ti); an alloy thereof
such as an aluminum-silicon (Al—Si) alloy, an aluminum-
titanium (Al—Ti) alloy, or an aluminum-silicon-copper
(Al—Si—Cu) alloy; nitride of a metal material such as tita-
nium nitride (TiN); a metal compound such as indium tin
oxide (ITO), ITO containing silicon, or an object formed by
using a targetinwhich 2 to 20 wt % zinc oxide (ZnO)is mixed
into indium oxide (in this specification, referred to as IZO
(indium zinc oxide)); or the like.

An electrode through which light is extracted may be
formed using a conductive film with transparency. For
example, a metal compound such as indium tin oxide (ITO),
indium tin oxide containing silicon oxide, or an object formed
by using a target in which 2 to 20 wt % zinc oxide (ZnO) is
mixed into indium oxide (in this specification, referred to as
170 (indium zinc oxide)) is used. In addition, an extremely
thin film of metal such as Al and Ag is used. Further, in a case
where light emission is extracted through a second electrode,
the first electrode can be made of a material having high
reflectance (such as Al and Ag). In this embodiment mode,
ITSO is used to form the first electrode 64 (FIG. 5A).

Next, an insulating layer is formed using an organic mate-
rial or an inorganic material to cover the second interlayer
insulating layer 63 (or the insulating layer) and the first elec-
trode 64. Subsequently, the insulating layer is processed to
expose a part of the first electrode 64 so as to form a partition
wall 65. A photosensitive organic material (such as acrylic
and polyimide) is preferably used as a material for the parti-
tion wall 65. In addition, the partition wall may be formed
using a nonphotosensitive organic or inorganic material. Fur-
ther, a black pigment or dye such as carbon nitride or black
titanium oxide may be dispersed in a material for the partition
wall 65 by using a dispersant or the like so that the partition
wall 65 may be used as a black matrix. Preferably, an edge
surface ofthe partition wall 65, which faces the first electrode,
has a tapered shape such that the curvature is continuously
varied (FIG. 5B).

Next, a light emitting laminated body 66 is formed, and
subsequently, a second electrode 67 covering the light emit-
ting laminated body 66 is formed. Thus, a light emitting
element 93 in which the light emitting laminated body 66 is
interposed between the first electrode 64 and the second elec-
trode 67 can be manufactured, and light emission can be
obtained by applying a voltage, which is higher than the
second electrode, to the first electrode. As an electrode mate-
rial used for forming the second electrode 67, the material
which is the same as that of the first electrode can be used. In
this embodiment mode, aluminum is used for the second
electrode.

The light emitting laminated body 66 may be formed by a
known method such as an evaporation method, an ink-jet
method, a spin coating method, a dip coating method, or the
like. The light emitting laminated body 66 has a structure as
described in Embodiment Modes 1 to 6. As a material used for
the light emitting laminated body, a single layer or a lami-
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nated layer of an organic compound is used in many cases;
however, a structure is also included in the present invention,
in which an inorganic compound is used in part of a film made
of an organic compound.

Afterwards, a silicon oxide film containing nitrogen is
formed as a passivation film by a plasma CVD method. When
using a silicon oxide film containing nitrogen, a silicon oxyni-
tride film may be formed using SiH,, N,O, and NH, by a
plasma CVD method, or a silicon oxynitride film may be
formed using SiH and N,O by a plasma CVD method, or a
silicon oxynitride film may be formed using a gas in which
SiH, and N,O are diluted with Ar, by a plasma CVD method.

Alternatively, as the passivation film, a hydrogenated sili-
con oxynitride film formed using SiH,, N,O, and H, may be
used. The passivation film is, of course, not limited to a single
layer structure, and it may have a single layer structure or a
laminated structure of other insulating layer containing sili-
con. In addition, a multilayer film including a carbon nitride
film and a silicon nitride film, a multilayer film including
styrene polymer, a silicon nitride film, or a diamond like
carbon film may be formed instead of the silicon oxide film
containing nitrogen.

Subsequently, to protect the light emitting element from a
substance which promotes deterioration of the light emitting
element such as water, a display portion is sealed. When the
display portion is sealed with a counter substrate, the counter
substrate is attached to the display portion with an insulating
sealing material such that an external connection portion is
exposed. A space between the counter substrate and the ele-
ment substrate may be filled with an inert gas such as dried
nitrogen. Alternatively, a sealing material may be applied
over the entire surface of the pixel portion and then the
counter substrate may be attached thereto. An ultraviolet cur-
ing resin or the like is preferably used as the sealing material.
A drying agent or a particle for maintaining a constant gap
between the substrates may be mixed in the sealing material.
Subsequently, a flexible wiring substrate is attached to the
external connection portion. Thus, a light emitting device is
completed.

Examples of structures of a light emitting device manufac-
tured above will be explained with reference to FIGS. 6A and
6B. Further, portions having similar functions are denoted by
same reference numerals, though they may have different
shapes, so as to omit explanation. In this embodiment mode,
the thin film transistor 70 having an LDD structure is con-
nected to the light emitting element 93 through the connec-
tion portion 61a.

FIG. 6A shows a structure in which the first electrode 64 is
made of a conductive film having a light transmitting prop-
erty, and light generated in the light emitting laminated body
66 is emitted toward the substrate 50 side. Further, reference
numeral 94 denotes a counter substrate. After forming the
light emitting element 93 over the counter substrate 94, the
counter substrate is firmly attached to the substrate 50 using a
sealing material or the like. A space between the counter
substrate 94 and the light emitting element is filled with a
resin 88 or the like having a light transmitting property to seal
the light emitting element. Accordingly, the light emitting
element 93 can be prevented from being deteriorated by mois-
ture. Preferably, the resin 88 desirably has a hygroscopic
property. More desirably, to prevent the influence of moisture,
a drying agent 89 with a high light transmitting property is
dispersed in the resin 88.

FIG. 6B shows a structure in which both of the first elec-
trode 64 and the second electrode 67 are made of conductive
films having light transmitting properties and light can be
extracted toward both of the substrate 50 and the counter
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substrate 94. In this structure, by providing polarizing plates
90 outside the substrate 50 and the counter substrate 94, a
screen can be prevented from being transparent, thereby
improving visibility. Protection films 91 may be provided
outside the polarizing plates 90.

A light emitting device having a display function in accor-
dance with the present invention may employ either an analog
video signal or a digital video signal. When a digital video
signal is used, the video signal may use either a voltage or a
current. When the light emitting element emits light, a video
signal input to a pixel may have either a constant voltage or a
constant current. When a video signal has a constant voltage,
a constant voltage is applied to a light emitting element or a
constant current flows through the light emitting element.
Also, when a video signal has a constant current, a constant
voltage is applied to a light emitting element or a constant
current flows through the light emitting element. A driving
method where a constant voltage is applied to a light emitting
element is called a constant voltage drive. Meanwhile, a driv-
ing method where a constant current flows through a light
emitting element is called a constant current drive. According
to the constant current drive, constant current flows regardless
of changes in resistance of a light emitting element. Any
method described above may be used for the light emitting
device of the present invention and a driving method thereof.

The light emitting device of the present invention having
such a structure is a light emitting device with high reliability.
Further, the light emitting device of the present invention
having such a structure is a light emitting device consuming
low power.

Embodiment Mode 8

In this embodiment mode, an outer appearance of a panel,
which is a light emitting device of the present invention, will
be explained with reference to FIGS. 7A and 7B. FI1G. 7A is
atop view of a panel in which a transistor and a light emitting
element formed over a substrate are sealed with a sealing
material that is formed between the substrate and a counter
substrate 4006. FIG. 7B is a cross-sectional view taken along
line A-A' of FIG. 7A. The light emitting element mounted on
this panel has a structure as shown in Embodiment Mode 2.

A sealing material 4005 is provided so as to surround a
pixel portion 4002, a signal line driver circuit 4003, and a
scanning line driver circuit 4004 which are provided over a
substrate 4001. The counter substrate 4006 is provided over
the pixel portion 4002, the signal line driver circuit 4003, and
the scanning line driver circuit 4004. Thus, the pixel portion
4002, the signal line driver circuit 4003, and the scanning line
driver circuit 4004 are hermetically sealed with the substrate
4001, the sealing material 4005, and the counter substrate
4006 along with a filler 4007.

The pixel portion 4002, the signal line driver circuit 4003,
and the scanning line driver circuit 4004, which are provided
over the substrate 4001, have a plurality of thin film transis-
tors. In FIG. 7B, a thin film transistor 4008 included in the
signal line driver circuit 4003 and a thin film transistor 4010
included in the pixel portion 4002 are shown.

Further, a light emitting element 4011 is electrically con-
nected to the thin film transistor 4010.

Also, a leading wiring 4014 corresponds to a wiring for
supplying signals or power supply voltage to the pixel portion
4002, the signal line driver circuit 4003, and the scanning line
driver circuit 4004. The leading wiring 4014 is connected to a
connection terminal 4016 through leading wirings 4015 and
40155. The connection terminal 4016 is electrically con-
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nected to a terminal included in a flexible printed circuit
(FPC) 4018 through an anisotropic conductive film 4019.

Further, as the filler 4007, an ultraviolet curing resin or a
heat curing resin can be used in addition to an inert gas such
as nitrogen and argon. For example, polyvinyl chloride,
acrylic, polyimide, an epoxy resin, a silicon resin, polyvinyl
butyral, or ethylene vinylene acetate can be used.

Furthermore, the light emitting device of the present inven-
tion includes a panel in which a pixel portion having a light
emitting element is formed and a module in which an IC is
mounted on the panel.

The light emitting device of the present invention having
the structure described above is a light emitting device with
high reliability of a pixel portion because a light emitting
element described in any of Embodiment Modes 1 to 6 is
included as a light emitting element included in the pixel
portion. Further, the light emitting device of the present
invention is a light emitting device consuming low power
because a light emitting element described in any of Embodi-
ment Modes 1 to 6 is included as a light emitting element
included in the pixel portion.

This embodiment mode can be implemented by being
freely combined with an appropriate structure of Embodi-
ment Modes 1 to 7.

Embodiment Mode 9

In this embodiment mode, a pixel circuit and a protection
circuit included in the panel and module described in
Embodiment Mode 8, and operation thereof will be
explained. Further, the cross-sectional-views shown in FIGS.
4A to 4E and FIGS. 5A to 5C correspond to cross-sectional
views of a driving TFT 1403 and a light emitting element
1405.

In a pixel shown in FIG. 8A, a signal line 1410, power
supply lines 1411 and 1412 are arranged in a column direc-
tion, whereas a scanning line 1414 is arranged in a row direc-
tion. The pixel also includes a switching TFT 1401, a driving
TFT 1403, a current controlling TFT 1404, a capacitor ele-
ment 1402, and a light emitting element 1405.

A pixel shown in FIG. 8C has asimilar structure to the pixel
shown in FIG. 8A, except that a gate electrode of the driving
TFT 1403 is connected to a power supply line 1412 that is
arranged in a row direction. That is, the equivalents circuit of
each pixel shown in FIGS. 8A and 8C are the same. However,
respective power supply lines are made of conductive films in
different layers between the case where the power supply line
1412 is arranged in a column direction (FIG. 8A) and the case
where the power supply line 1412 is arranged in a row direc-
tion (FIG. 8C). Here, a wiring connected to the gate electrode
of the driving TFT 1403 is focused and the figures are sepa-
rately shown in FIGS. 8A and 8C in order to show that the
wiring is formed in different layer.

In each pixel shown in FIGS. 8A and 8C, the driving TFT
1403 and the current controlling TFT 1404 are connected in
series, and the channel length 1.(1403) and the channel width
W(1403) of the driving TFT 1403 and the channel length
L(1404) and the channel width W(1404) of the current con-
trolling TFT 1404 may be set to satisfy the relation of
L(1403)/W(1403).1.(1404)/W(1404)=5,000:1 to 6,000:1.

The driving TFT 1403 is operated in a saturation region and
controls the amount of current flowing through the light emit-
ting element 1405, whereas the current controlling TFT 1404
is operated in a linear region and controls current supplied to
the light emitting element 1405. Both of the TFTs 1403 and
1404 preferably have the same conductivity type in view of
the manufacturing process, and n-channel TFTs are formed as
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the TFTs 1403 and 1404 in this embodiment mode. Also, a
depletion type TFT may be used as the driving TFT 1403
instead of an enhancement type TFT. In a light emitting
device of the present invention having the above structure,
slight variations in Vgs of the current controlling TFT 1404
does notaffect the amount of current flowing through the light
emitting element 1405, since the current controlling TFT
1404 is operated in the linear region. That is, the amount of
current flowing through the light emitting element 1405 can
be determined by the driving TFT 1403 operated in the satu-
ration region. In accordance with the above described struc-
ture, it is possible to provide a light emitting device in which
image quality is improved by improving variations in lumi-
nance of a light emitting element due to variation of the TFT
characteristics.

The switching TFT 1401 in each pixel shown in FIGS. 8A
to 8D controls a video signal input with respect to the pixel.
When the switching TFT 1401 is turned on and a video signal
is inputted in the pixel, a voltage of the video signal is held in
the capacitor element 1402. Although the arrangement in
which each pixel includes the capacitor element 1402 is
shown in FIGS. 8A and 8C, the present invention is not
limited thereto. When a gate capacitor or the like can function
as a capacitor for holding a video signal, the capacitor ele-
ment 1402 may not be provided.

A pixel shown in FIG. 8B has a similar structure to the pixel
structure shown in FIG. 8A, except that a TFT 1406 and a
scanning line 1415 are added thereto. Similarly, a pixel shown
in FIG. 8D has a similar structure to the pixel structure shown
in FIG. 8C, except that a TFT 1406 and a scanning line 1415
are added thereto.

The TFT 1406 is controlled to be turned on/off by the
newly provided scanning line 1415. When the TFT 1406 is
turned on, the charge held in the capacitor element 1402 is
discharged, thereby turning the current controlling TFT 1404
off. That is, supply of current flowing through the light emit-
ting element 1405 can be forcibly stopped by providing the
TFT 1406. Therefore, the TFT 1406 can be referred to as an
erasing TFT. In accordance with the structures shown in
FIGS. 8B and 8D, a lighting period can start concurrently
with or immediately after a start of a writing period before
signals are written into all the pixels, and hence, the duty ratio
can be improved.

In apixel shown in FIG. 8E, a signal line 1410 and a power
supply line 1411 are arranged in a column direction while a
scanning line 1414 is arranged in a row direction. The pixel
further includes a switching TFT 1401, a driving TFT 1403, a
capacitor element 1402, and a light emitting element 1405. A
pixel shown in FIG. 8F has a similar structure to the pixel
structure shown in FIG. 8E, except that a TFT 1406 and a
scanning line 1415 are added thereto. Further, the structure as
shown in FIG. §F also allows a duty ratio to be improved by
providing the TFT 1406.

A structural example of a pixel in a case where the driving
TFT 1403 is forcibly turned off will be shown in FIG. 9. In
FIG. 9, aselecting TFT 1451, a driving TFT 1453, an erasing
diode 1461, and a light emitting element 1454 are arranged. A
source and a drain of the selecting TFT 1451 are connected to
asignal line 1455 and a gate of the driving TFT 1453, respec-
tively. A gate of the selecting TFT 1451 is connected to a first
gate line 1457. A source and a drain of the driving TFT 1453
are connected to a first power supply line 1456 and the light
emitting element 1454, respectively. The erasing diode 1461
is connected to a gate of the driving TFT 1453 and a second
gate line 1467.

A capacitor element 1452 serves to hold a gate potential of
the driving TFT 1453. Therefore, the capacitor element 1452
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is connected between the gate of the driving TFT 1453 and the
power supply line 1456. However, the present invention is not
limited to this structure, and the capacitor element may be
arranged such that it can hold a gate potential of the driving
TFT 1453. Further, when a gate potential of the driving TFT
1453 can be held by using a gate capacitor of the driving TFT
1453, the capacitor element 1452 may be eliminated.

As the driving method, the first gate line 1457 is selected
and the selecting TFT 1451 is turned on. When a signal is
inputted in the capacitor element 1452 from the signal line
1455, current of the driving TFT 1453 is controlled in accor-
dance with the signal, and current flows into a second power
supply line 1458 through the light emitting element 1454
from the first power supply line 1456.

In order to erase a signal, the second gate line 1467 is
selected (in this case, a potential is increased), and the erasing
diode 1461 is turned on so as to feed current to the gate of the
driving TFT 1453 from the second gate line 1467. As a result,
the driving TFT 1453 becomes an off state. Thus, current does
not flow into the second power supply line 1458 from the first
power supply line 1456 through the light emitting element
1454. Consequently, a non-light emitting period can be made,
thereby freely adjusting the length of a light emitting period.

In order to hold a signal, the second gate line 1467 is not
selected (in this case, a potential is reduced). Thus, the erasing
diode 1461 is turned off so that a gate potential of the driving
TFT 1453 is held.

Further, the erasing diode 1461 is not particularly limited
as long as it is an element having a rectifying property. Either
a PN-type diode or a PIN-type diode may be used. Alterna-
tively, either a Schottky diode or a zener diode may be used.

As described above, various kinds of pixel circuits can be
employed. In particular, when a thin film transistor is formed
using an amorphous semiconductor film, an area of a semi-
conductor film of the driving TFT 1403 is preferably made
large. Therefore, in the above pixel circuits, a top emission
type in which light generated in the light emitting laminated
body is emitted through a sealing substrate is preferably
employed.

It is thought that such an active matrix light emitting device
is favorable when pixel density is increased since a TFT is
provided for each pixel and driving with a low drive voltage
can be conducted.

Anactive matrix light emitting device in which each TFT is
provided in a pixel is explained in this embodiment mode.
However, a passive matrix light emitting device can be
formed. Since a TFT is not provided in each pixel in the
passive matrix light emitting device, high aperture ratio is
obtained. In a case of a light emitting device in which light is
emitted toward both sides of the light emitting laminated
body, when a passive matrix light emitting device is
employed, transmittance can be increased.

Subsequently, a case in which diodes are provided as pro-
tection circuits in a scanning line and a signal line, will be
explained using an equivalent circuit diagram shown in FIG.
8E.

In FIG. 10, switching TFTs 1401 and 1403, a capacitor
element 1402, and a light emitting element 1405 are provided
in apixel portion 1500. Ina signal line 1410, diodes 1561 and
1562 are provided. The diodes 1561 and 1562 are manufac-
tured in accordance with the above described embodiment
mode in the same manner as the switching TFTs 1401 and
1403. Each diode includes a gate electrode, a semiconductor
layer, a source electrode, a drain electrode, and the like. By
connecting the gate electrode to the drain electrode or the
source electrode, the diodes 1561 and 1562 are operated.
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Common potential lines 1554 and 1555 connected to the
diodes are formed in the same layer as the gate electrodes.
Therefore, it is necessary to form contact holes in a gate
insulating layer so as to be connected to the source electrodes
or the drain electrodes of the diodes.

A diode provided in a scanning line 1414 has the similar
structure.

As mentioned above, protection diodes can be concur-
rently formed in an input stage according to the present inven-
tion. Further, the positions of the protection diodes are not
limited thereto, and they can be provided between a driver
circuit and a pixel.

This embodiment mode can be implemented by being
freely combined with an appropriate structure of Embodi-
ment Modes 1 to 8.

The light emitting device of the present invention having
such a protection circuit is a light emitting device with high
reliability and low power consumption. Further, by employ-
ing the structure described above, the reliability of the light
emitting device can be further improved.

Embodiment Mode 10

FIG. 17 A shows a structure of a light emitting device of the
present invention as an example. FIG. 17A shows a portion of
a cross-sectional view of a pixel portion of a passive matrix
light emitting device with a tapered structure. The light emit-
ting device of the present invention shown in FIG. 17A
includes a substrate 200, a first electrode 201 of a light emit-
ting element, a partition wall 202, a light emitting laminated
body 203, a second electrode 204 of a light emitting element,
and a counter substrate 207.

A Tight emitting element is formed in a portion in which the
light emitting laminated body 203 is sandwiched between the
first electrode 201 and the second electrode 204 of the light
emitting element. The first electrode 201 and the second
electrode 204 cross each other and are formed in stripe in
which light emitting elements are formed at intersection por-
tions. The partition wall 202 is formed in parallel to the
second electrode 204, whereby the light emitting element is
insulated from another light emitting element having the first
electrode 201 in common.

In this embodiment mode, as for a specific material and
structure of the first electrode 201, the second electrode 204,
and the light emitting laminated body 203, any of Embodi-
ment Modes 1 to 6 may be referred to.

Besides, the substrate 200, the partition wall 202, and the
counter substrate 207 in FIG. 17 A correspond to the substrate
50, the partition wall 65, and the counter substrate 94 in
Embodiment Mode 7, respectively. The structures, materials,
and effects thereof are similar to those of Embodiment Mode
1; therefore, the explanation will not be repeated, therefore,
refer to the description in Embodiment Mode 7.

A protection film 210 is formed in a light emitting device to
prevent moisture or the like from entering. A counter sub-
strate 207 made of glass, quartz, or a ceramic material such as
alumina, or a synthetic material thereof is fixed by a sealing
adhesive agent 211. An external input terminal portion is
connected to an external circuit through an anisotropic con-
ductive film 212 by using a flexible printed wiring substrate
213. The protection film 210 may be made of silicon nitride,
or may be formed of a stack of carbon nitride and silicon
nitride to enhance a gas barrier property while decreasing
stress.

FIG. 17B shows a module in which an external circuit is
connected to the panel shown in FIG. 17A. The module is
electrically connected to external circuit substrates in which a
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power source circuit and a signal processing circuit are
formed by fixing a flexible printed wiring substrate 25 to
external input terminal portions 18 and 19. Moreover, adriver
1C 28 as one of the external circuits may be mounted by either
a COG method or a TAB method. FIG. 17B shows the driver
IC 28 as one of the external circuits mounted by a COG
method.

Itis to be noted that the panel and the module correspond to
one mode of a light emitting device of the present invention
and are both included in the scope of the present invention.

Embodiment Mode 11

As an electronic device of the present invention mounted
with alight emitting device (module) of the present invention,
avideo camera, a digital camera, a goggle type display (head
mounted display), a navigation system, an audio reproducing
device (car audio component or the like), a computer, a game
machine, a portable information terminal (e.g., amobile com-
puter, amobile phone, a portable game machine, an electronic
book, and the like), an image reproducing device equipped
with a recording medium (concretely, a device having a dis-
play that can reproduce a recording medium such as a digital
versatile disc (DVD) and can display an image thereof), and
the like are given. Specific examples of these electronic
devices are shown in FIGS. 11A to 11E.

FIG. 11A shows a light emitting device, which corresponds
to a monitor for a television receiver, a personal computer, or
the like, including a housing 2001, a display portion 2003,
speaker portions 2004, and the like. The light emitting device
ofthe present invention is a light emitting device, of which the
display portion 2003 has high reliability, consuming low
power. A pixel portion may be provided with a polarizing
plate or a circularly polarizing plate to enhance contrast. For
example, a Y/4A plate, a //2h plate, and a polarizing plate may
be provided to a sealing substrate in this order. Further, an
anti-reflective film may be provided over the polarizing plate.

FIG. 11B shows a mobile phone, including a main body
2101, a housing 2102, a display portion 2103, an audio input
portion 2104, an audio output portion 2105, operation keys
2106, an antenna 2108, and the like. The mobile phone of the
present invention is a mobile phone, of which the display
portion 2103 has high reliability, consuming low power.

FIG. 11C shows a computer, including a main body 2201,
a housing 2202, a display portion 2203, a keyboard 2204, an
external connection port 2205, a pointing mouse 2206, and
the like. The computer of the present invention is a computer,
of which the display portion 2203 has high reliability, con-
suming low power. Although a laptop computer is illustrated
in FIG. 11C, the present invention can be applied to a desktop
computer in which a hard disk and a display portion are
formed together, or the like.

FIG. 11D shows a mobile computer, including a main body
2301, a display portion 2302, a switch 2303, operation keys
2304, an infrared port 2305, and the like. The mobile com-
puter of the present invention is a mobile computer, of which
the display portion 2302 has high reliability, consuming low
power.

FIG. 11E shows a portable game machine, including a
housing 2401, a display portion 2402, speaker portions 2403,
operation keys 2404, a recording medium insert portion 2405,
and the like. The portable game machine of the present inven-
tion is a portable game machine, of which the display portion
2402 has high reliability, consuming low power.

As described above, the application range of the present
invention is extremely wide and can be used for electronic
devices in various fields.
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This embodiment mode can be implemented by being
freely combined with the appropriate structure in Embodi-
ment Modes 1 to 10.

Embodiment 1

In this embodiment, a result of examining an energy gap of
asecond layer 102 with the use of a light emitting element of
the present invention having a structure shown in FIG. 3A in
Embodiment Mode 6 will be shown.

The light emitting element was formed over a glass sub-
strate, and a first electrode 100, a sixth layer 107, a first layer
101, a second layer 102, a third layer 103, a fourth layer 105,
aseventh layer 108, and a second electrode 104 were sequen-
tially formed from a glass substrate side. As the first electrode
100, indium tin oxide containing silicon oxide (in this
embodiment, referred to as ITSO) was formed to have a
thickness of 110 nm. ITSO was deposited by a sputtering
method, and a shape of the first electrode 100 was set to be 2
mmx2 mm by etching. Next, as pretreatment for forming the
light emitting element, the surface of the substrate was
washed with a porous resin (typically, one made of PVA
(polyvinyl alcohol), nylon, or the like), heat treatment was
conducted at 200° C. for 1 hour, and UV ozone treatment was
conducted for 370 seconds.

Next, as the sixth layer 107, which is a hole injecting layer,
a co-evaporation film of NPB (4,4'-bis[N-(1-naphthyl)-N-
phenylamino|biphenyl) and molybdenum oxide was formed
to have a thickness of 50 nm. It is to be noted that NPB and
molybdenum oxide was deposited to have a mass ratio of4:1.
Subsequently, as a hole transporting layer, which is the first
layer 101, NPB was deposited to have a thickness of 10 nm.
Over these laminated films, the second layer 102 was formed
to have a thickness of 2 nm, and as a light emitting layer,
which is the third layer 103, CzPA (9-[4-(N-carbazolyl)|phe-
nyl-10-phenylanthracene) and YGAPA (9-(4-{N-[4-(9-car-
bazolyl)phenyl]-N-phenylamino }phenyl)-10-phenylan-
thracene) were deposited to have a mass ratio of 1:0.04. CzPA
serves as a host material and YGAPA serves as an emission
center material. The light emitting layer is formed to have a
thickness of 30 nm. Further, Alq, (tris(8-quinolinolato)alu-
minum) was formed to have a thickness of 30 nm as an
electron transporting layer, which is the fourth layer 105, and
lithium fluoride was formed to have a thickness of 1 nm as an
electron injecting layer, which is the seventh layer 108. Sub-
sequently, Al was deposited to have a thickness of 200 nm as
the second electrode 104, thereby completing an element.
Finally, sealing was conducted in a nitrogen atmosphere so
that the element is not exposed to the air. The film formation
from the hole injecting layer to the second electrode was
conducted by a vacuum vapor deposition method using resis-
tance heating.

An element using CBP (4,4'-di(N-carbazolyl)biphenyl)
having an energy gap of 3.43 eV as a material for the second
layer 102 was referred to as an element 1; an element using
SFDCz (2,7-di(N-carbazolyl)-spiro-9,9'-bifluorene) of 3.28
eV, an element 2; an element using m-MTDATA (4,4',4"-tris
[N-(3-methylphenyl)-N-phenylamino]triphenylamine) — of
3.52 eV, an element 3; an element using YGASF (2,7-bis{N-
[4-(N-carbazolyl)phenyl]-N-phenylamino}-spiro-9,9'-bif-
luorene) of 3.17 eV, an element 4; an element using TCzB
(1,3,5-tri(N-carbazolyl)benzene) of 3.55 eV, an element 5;
and an element using TCTA (4,4',4"-tris(N-carbazolyl)triph-
enylamine) of 3.31 eV, an element 6.

It is to be noted that an energy gap of NPB of'the first layer
101, which is a hole transporting layer, is 2.97 eV, and an
energy gap of CzPA, which is a host material, is 2.93 eV,
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therefore, the elements 1 to 6 correspond to a light emitting
element of the present invention.

As a comparative example, an element (element 7) using
4,4'-bis[N-(9.9-dimethylfluorene-2-y1)-N-phenylamino]bi-
phenyl (abbreviation: DFLDPBI) as the second layer 102
having an energy gap of 2.97 eV was manufactured with the
same structure as the elements 1 to 6 of the embodiment, and
elements (elements 8 to 10) in which the existence of the
second layer 102 is different from the elements 1 to 6 of the
embodiment were manufactured. The elements 8§ to 10 have
the same structure.

Table 1 shows a table in which current efficiency, power
efficiency, and the like of the elements 1 to 10 are summa-
rized. FIG. 12 shows a graph with an energy gap ofthe second
layer 102 on a horizontal axis and current efficiency at
approximately 1000 cd/m? on a vertical axis. However, the
second layer 102 is not formed in the elements 8 to 10;
therefore, a value of NPB (2.97 eV) serving as the hole
transporting layer, which is the first layer 101, is used for a
value of an energy gap.

TABLE 1

Current Power
Energy Gap Efficiency Efficiency

(eV) (cd/A) (Im/W)
Element 1 343 3.69 1.93
Element 2 3.28 3.31 1.58
Element 3 3.52 3.77 2.11
Element 4 3.17 4.16 2.33
Element 5 3.35 3.11 1.74
Element 6 3.31 3.38 1.97
Element 7 2.97 1.74 0.78
Element 8 — 2.03 0.89
Element 9 — 2.21 1.02
Element 10 — 1.98 1.04

From FIG. 12 and Table 1, it is revealed that the elements 1
to 6, in which the second layer 102 is included between a
carrier transporting layer and a light emitting layer and an
energy gap of the second layer 102 is larger than that of the
carrier transporting layer and equal to or larger than that of the
host material, show a more favorable value of current effi-
ciency and power efficiency than the element 7, which has an
energy gap of the second layer smaller than that of the host
material and equal to that of the carrier transporting layer, and
the elements 8 to 10, in which the second layer 102 is not
formed.

Thus, the light emitting element of the present invention is
alight emitting element with high luminous efficiency. By the
improvement of luminous efficiency, the same luminance can
be obtained with the smaller amount of current than a con-
ventional one, and deterioration of the light emitting element
is suppressed. Accordingly, the light emitting element of the
present invention is a light emitting element with improved
reliability. In addition. power efficiency is also improved;
therefore, it can be said that the light emitting element con-
sumes low power.

Embodiment 2

In this embodiment, a result of examining a thickness of a
second layer 102 with the use of a light emitting element of
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the present invention having the structure shownin FIG. 3A in
Embodiment Mode 6 will be shown.

The light emitting element was formed over a glass sub-
strate, and a first electrode 100, a sixth layer 107, a first layer
101, a second layer 102, a third layer 103, a fourth layer 105,
aseventh layer 108, and a second electrode 104 were sequen-
tially formed from a glass substrate side. As the first electrode
100, ITSO was formed to have a thickness of 110 nm. ITSO
was deposited by a sputtering method, and a shape of the first
electrode 100 was set to be 2 mmx2 mm by etching. Next, as
pretreatment for forming a light emitting element, the surface
of the substrate was washed with a porous resin (typically, one
made of PVA (polyvinyl alcohol), nylon, or the like), heat
treatment was conducted at 200° C. for 1 hour, and UV ozone
treatment was conducted for 370 seconds.

Next, as the sixth layer 107, which is a hole injecting layer,
a co-evaporation film of NPB and molybdenum oxide was
formed to have a thickness of 50 nm. Itis tobe noted that NPB
and molybdenum oxide was deposited to have a mass ratio of
4:1. Subsequently, as a hole transporting layer, which is the
first layer 101, NPB was deposited to have a thickness of 10
nm. Over these laminated films, CBP was deposited as the
second layer 102, and CzPA and YGAPA were deposited as a
light emitting layer, which is the third layer 103, to have a
mass ratio of 1:0.04. CzPA serves as a host material and
YGAPA serves as an emission center material. The light
emitting layer is formed to have a thickness of 30 nm. Further,
Alq, was formed to have a thickness of 30 nm as an electron
transporting layer, which is the fourth layer 105, and lithium
fluoride was formed to have a thickness of 1 nm as an electron
injecting layer, which is the seventh layer 108. Subsequently,
Al was deposited to have a thickness of 200 nm as the second
electrode 104, thereby completing an element. Finally, seal-
ing was conducted in a nitrogen atmosphere so that the ele-
ment is not exposed to the air. The film formation from the
hole injecting layer to the second electrode was conducted by
a vacuum vapor deposition method using resistance heating.

In this embodiment, two types of light emitting elements of
the present invention were manufactured as described above.
An element in which the second layer 102 was formed to have
a thickness of 1 nm was referred to as an element 11; and an
element in which the second layer 102 was formed to have a
thickness of 2 nm, an element 12. As a comparative example,
an element in which a thickness of the second layer 102 is 0
nm (normal element in which the second layer 102 is not
formed) and an element in which a thickness of the second
layer is 5 nm were also formed, which were referred to as an
element 13 and an element 14, respectively.

FIG. 13 shows luminance-current efficiency characteris-
tics; FIG. 14, voltage-current characteristics; and FIG. 15,
voltage-luminance characteristics of the elements 11to 14. In
these drawings, characteristics of the element 11 are indicated
by #; characteristics of the element 12, A; characteristics of
the element 13, *; and characteristics of the element 14, x.
Further, Table 2 shows a table in which element characteris-
tics when the elements 11 to 14 are made to emit light at
approximately 1000 cd/m?® are summarized.
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TABLE 2
Voltage  Current Density Current Efficiency ~ Power Efficiency
W) (mA/em?) Chromaticity X Chromaticity Y {ed/A) (lm/W)
Element 11 6.0 212 0.17 0.16 4.61 242
Element 12 6.4 23.0 0.17 0.15 4.74 233
Element 13 6.2 269 0.17 0.16 355 1.80
Element 14 74 350 0.16 0.14 2.74 1.16

It is revealed that both of current efficiency and power
efficiency of the elements 11 and 12, which are light emitting
elements of the present invention, are drastically improved
compared with the elements 13 and 14, which are compara-
tive examples.

In other words, the light emitting element of the present
invention is a light emitting element with high luminous
efficiency. By the improvement of luminous efficiency, the
same luminance can be obtained with the smaller amount of
current than a conventional one, and deterioration of the light
emitting element is suppressed. Accordingly, the light emit-
ting element with improved reliability is obtained. In addi-
tion, power efficiency is also improved; therefore, it is
revealed that the light emitting element consumes low power.

Embodiment 3

In this embodiment, a result of applying the present inven-
tionto alight emitting element in which the structure of'a light
emitting layer is different from Embodiments 1 and 2 will be
shown. The structure of FIG. 3A of Embodiment Mode 6 is
used for an element structure in the same manner as Embodi-
ments 1 and 2.

The light emitting element was formed over a glass sub-
strate, and a first electrode 100, a sixth layer 107, a first layer
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emission center material. The light emitting layer was formed
to have a thickness of 40 nm. Further, Alq; was formed to have
a thickness of 10 nm as an electron transporting layer, which
is the fourth layer 105, and a co-evaporation film of Alq, and
lithium was formed to have a thickness of 30 nm as an elec-
tron injecting layer, which is the seventh layer 108. It is to be
noted that Alg, and lithium were deposited to have a mass
ratio of 1:0.01. Subsequently, Al was deposited to have a
thickness of 200 nm as the second electrode 104, thereby
completing an element. Finally, sealing was conducted in a
nitrogen atmosphere so that the element is not exposed to the
air. The film formation from the hole injecting layer to the
second electrode was conducted by a vacuum vapor deposi-
tion method using resistance heating. An element manufac-
tured as described above is referred to as an element 15.

It is to be noted that an energy gap of Alg, is 2.71 eV.

As a comparative example, a light emitting element was
manufactured, in which almost the same structure as the
element 15 is employed and only the second layer is not
included. The light emitting element was referred to as an
element 16.

Table 3 shows a table in which element characteristics at
approximately 1000 cd/m? of the elements 15 and 16 are
summarized.

TABLE 3
Voltage  Current Density Current Efficiency ~ Power Efficiency
v) (mA/em?) Chromaticity X Chromaticity Y (cd/A) (lm/W)
Element 15 6.6 10.2 0.34 0.61 9.28 442
Element 16 6.8 11.8 0.34 0.61 8.09 374

101, a second layer 102, a third layer 103, a fourth layer 105,
a seventh layer 108, and a second electrode 104 were sequen-
tially formed from a glass substrate side. As the first electrode
100, ITSO was formed to have a thickness of 110 nm. ITSO
was deposited by a sputtering method, and a shape of the first
electrode 100 was set to be 2 mmx2 mm by etching. Next, as
pretreatment for forming a light emitting element, the surface
ofthe substrate was washed with a porous resin (typically, one
made of PVA (polyvinyl alcohol), nylon, or the like), heat
treatment was conducted at 200° C. for 1 hour, and UV ozone
treatment was conducted for 370 seconds.

Next, as the sixth layer 107, which is a hole injecting layer,
DNTPD  (4,4'"-bis{N-[4-(N,N-di-m-tolylamino)phenyl]-N-
phenylamino} biphenyl) was formed to have a thickness of 50
nm. Subsequently, as a hole transporting layer, which is the
first layer 101, NPB (4,4'-bis[N-(1-naphthyl)-N-pheny-
laminobiphenyl) was deposited to have a thickness of 10 nm.
Over these laminated films, CBP (4,4'-di(N-carbazolyl)bi-
phenyl) was deposited to have a thickness of 2 nm as the
second layer 102, and Alq, (tris(8-quinolinolato)aluminum)
and coumarin 6 were deposited as a light emitting layer,
which is the third layer 103, to have a mass ratio of 1:0.01.
Alq, serves as a host material and coumarin 6 serves as an
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The element 15 of the embodiment showed a more favor-
able value in both of current efficiency and power efficiency
than the element 16 of a comparative example.

Accordingly, a light emitting element of the present inven-
tion is a light emitting element with high luminous efficiency.
By the improvement of luminous efficiency, the same lumi-
nance can be obtained with the smaller amount of current than
a conventional one, and deterioration of the light emitting
element is suppressed. Accordingly, the light emitting ele-
ment with improved reliability is obtained. In addition, power
efficiency is also improved; therefore, it can be said that the
light emitting element consumes low power.

Embodiment 4

In this embodiment, FIG. 16 shows a graph showing the
change in luminance with respect to driving time of the ele-
ments 15 and 16 described in Embodiment 3 under the con-
dition where initial luminance is 3000 c¢d/m* and current
density is fixed.

FIG. 16 shows that there is almost no difference in charac-
teristics between the element 15, which is a light emitting
element of the present invention having the second layer
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made of CBP, and the element 16 in which the second layer is
not included, if anything, the element 15 shows characteris-
tics which are slightly more favorable. In other words, the
elements 15 and 16 are elements having almost the same
reliability, if anything, the element 15 has reliability which is
slightly more favorable than the element 16.

Reliability of CBP as amaterial for a light emitting layer is
not so favorable, and there is a fear that reliability of a light
emitting element itselfis also reduced when CBP is formed as
the second layer to have a certain thickness in the light emit-
ting element. However, from the result that the element 15
using CBP has reliability equal to or higher than that of the
element 16 not using CBP, it is revealed that a material of
which reliability is not so high can be used for the second
layer of the present invention without reduction in reliability
of a light emitting element. It can be estimated that this is
because the degree of an effect as the second layer exceeds the
degree of an adverse effect on reliability since a thickness
may be decreased when CBP is used as the second layer.

Embodiment 5

In this embodiment, a result of applying the present inven-
tionto a light emitting element in which the structure of'a light
emitting layer is different from that in Embodiments 1 to 3
will be shown. The structure of FIG. 3A of Embodiment
Mode 6 is used for an element structure in the same manner as
Embodiments 1 to 3.

The light emitting element was formed over a glass sub-
strate, and a first electrode 100, a sixth layer 107, a first layer
101, a second layer 102, a third layer 103, a fourth layer 105,
aseventh layer 108, and a second electrode 104 were sequen-
tially formed from a glass substrate side. As the first electrode
100, indium tin oxide containing silicon oxide (in this
embodiment, referred to as ITSO) was formed to have a
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(abbreviation: Ir(ppy),(acac)) were deposited to have a mass
ratio of 1:0.05. ZnBOX serves as a host material and Ir
(ppy),(acac) serves as an emission center material. A thick-
ness of the light emitting layer was set to 30 nm. An energy
gap of ZnBOX is 2.96 eV. It is to be noted that Ir(ppy),(acac)
serves as emission center of phosphorescent emission.

Further, BAlq (bis(2-methyl-8-quinolinolato)-4-phe-
nylphenolato-aluminum) was formed to have a thickness of
10 nm as an electron transporting layer, which is the fourth
layer 105, and Alg; (tris(8-quinolinolato)aluminum) and
lithium (Li) were deposited to have a mass ratio of 1:0.01 as
an electron injecting layer, which is the seventh layer 108. It
is to be noted that a co-evaporation film of Alg, and lithium
was formed to have a thickness of 20 nm.

Subsequently, Al was deposited to have a thickness of 200
nm as the second electrode 104, thereby completing an ele-
ment. Finally, sealing was conducted in a nitrogen atmo-
sphere so that the element is not exposed to the air. The film
formation from the hole injecting layer to the second elec-
trode was conducted by a vacuum vapor deposition method
using resistance heating. An element manufactured as
described above is referred to as an element 18.

As a comparative example, a light emitting element was
manufactured, in which almost the same structure as the
element 18 is employed, and only the second layer 102 is not
included. The light emitting element was referred to as an
element 17.

FIG. 19 shows current density-luminance characteristics,
FIG. 20 shows voltage-luminance characteristics, and FIG.
21 shows luminance-current efficiency characteristics. It is to
be noted that [0 indicates an element 17 (comparative
example) and ¢ indicates an element 18 (this embodiment).

Table 4 shows a table in which element characteristics of
the elements 17 and 18 at approximately 1000 cd/m?* are
summarized.

TABLE 4
Voltage  Current Density Current Power Efficiency
) (mA/em?) Chromaticity X Chromaticity’ Y  Efficiency (cd/A) (lm/W)
Element 17 5 3.38 035 0.62 29.8 18.7
Element 18 4.8 2.07 035 0.62 484 31.7

thickness of 110 nm. ITSO was deposited by a sputtering
method, and a shape of the first electrode 100 was set to be 2
mmx2 mm by etching. Next, as pretreatment for forming a
light emitting element, the surface of the substrate was
washed with a porous resin (typically, one made of PVA
(polyvinyl alcohol), nylon, or the like), heat treatment was
conducted at 200° C. for 1 hour, and UV ozone treatment was
conducted for 370 seconds.

Next, as the sixth layer 107, which is a hole injecting layer,
a co-evaporation film of NPB (4,4"-bis[N-(1-naphthyl)-N-
phenylamino|biphenyl) and molybdenum oxide was formed
to have a thickness of 50 nm. It is to be noted that NPB and
molybdenum oxide was deposited to have a mass ratio of 4:1.
Subsequently, as a hole transporting layer, which is the first
layer 101, NPB was deposited to have a thickness of 10 nm.

Over these laminated films, the second layer 102 was
deposited to have a thickness of 2 nm. As the second layer
102, YGASF (2,7-bis{N-[4-(N-carbazolyl)phenyl]-N-phe-
nylamino } -spiro-9,9"-bifluorene) was used. An energy gap of
YGASF is 3.17 eV.

As a light emitting layer, which is the third layer 103,
ZnBOX  (bis[2-(2-hydroxyphenyl)benzoxazolato]zinc) and
bis(2-phenylpyridinato-N,C?)iridium(IIT)acetylacetonate
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When the element 17 is compared with the element 18, it is
revealed that both of current efficiency and power density are
drastically increased in the element 18 (this embodiment),
and the element 18 shows a more favorable value than the
element 17.

FIGS. 19 to 21 and Table 4 show that an element 18 of the
present invention is a light emitting element with high lumi-
nous efficiency. By the improvement of luminous efficiency,
the same luminance can be obtained with the smaller amount
of current than a conventional one, and deterioration of the
light emitting element is suppressed. Accordingly, the light
emitting element with improved reliability is obtained. In
addition, power efficiency is also improved; therefore, it can
be said that the light emitting element consumes low power.

REFERENCE EXAMPLE

YGAPA
(9-(4-{N-[4-(9-carbazolyl)phenyl]-N-
phenylamino }phenyl)-10-phenylanthracene) and CzPA (9-
[4-(N-carbazolyl)|phenyl-10-phenylanthracene) Used in
Embodiments 1 and 2 are novel substances; therefore, a syn-
thetic method will be described hereinafter.



US 8,003,977 B2

43
First, a synthetic method of YGAPA represented by the
following structural formula (1) will be explained.

[Chem. 1]

)

|/\

X
|\\\
//v[/

\

%

<
&

A
J

[Step 1: Synthesis of 9-[4-(N-phenylamino)phenyl]carba-
zole]

(i) Synthesis of N-(4-bromophenyl)carbazole

56.3 g (0.24 mol) of 1,4-dibromobenzene, 31.3 g (0.18
mol) of carbazole, 4.6 g (0.024 mol) of copper iodide, 66.3 g
(0.48 mol) of potassium carbonate, and 2.1 g (0.008 mol) of
18-crown-6-ether were put into a 300 ml three-necked flask
and nitrogen substitution was conducted. Then, 8 ml of 1,3-
dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (also
referred to as DMPU) was added and stirring was conducted
for 6 hours at 180° C. After the temperature of the reaction
mixture was lowered to room temperature, sediment was
removed by suction filtration. The filtrate was washed with
diluted hydrochloric acid, a saturated sodium hydrogen car-
bonate solution, and saturated saline in this order and then
dried with magnesium sulfate. After the drying, the reaction
mixture was naturally filtered and concentrated, and then the
obtained oil-like substance is purified by silica gel column
chromatography (hexane:ethyl acetate=9:1) and recrystal-
lized by chloroform and hexane. Then, 20.7 g of a light-brown
plate-like crystal, which was the intended object, was
obtained with a yield of 35%.
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Further, a synthetic scheme (b-1) of N-(4-bromophenyl)
carbazole is shown below.

[Chem. 2]
(b-1)
H
N
Br ! !
Cul,
K,CO0;,
18-crown-6-ether,
Br DMPU
Br
N

-0

(ii) Synthesis of 9-[4-(N-phenylamino)phenyl|carbazole

5.4 g (17.0 mmol) of N-(4-bromophenyl)carbazole, 1.8 ml
(20.0 mmol) of aniline, 100 mg (0.17 mmol) of bis(diben-
zylideneacetone)palladium (O) (abbreviation: Pd(dba),), and
3.9 g (40 mmol) of sodium-tert-butoxide (abbreviation: tert-
BuONa) were put into a 200 ml three-necked flask and nitro-
gen substitution was conducted. Then, 0.1 ml of tri-tert-bu-
tylphosphine (abbreviation: P(tert-Bu),) and 50 ml of toluene
were added and stirring was conducted for 6 hours at 80° C.
After the reaction mixture was filtered through florisil, Celite
(registered trademark), and alumina and the filtrate was
washed with water and saturated saline and then dried with
magnesium sulfate. The reaction mixture was naturally fil-
tered and concentrated, and then the obtained oil-like sub-
stance is purified by silica gel column chromatography (hex-
ane:ethyl acetate=9:1), whereby 4.1 g of the intended object
was obtained with a yield of 73%. By using a nuclear mag-
netic resonance method (‘*H-NMR), it was confirmed that this
compound was 9-[4-(N-phenylamino)phenyl|carbazole.

Further, a synthetic scheme (b-2) of 9-[4-(N-phenylamino)
phenyl]carbazole is shown below.

[Chem. 3]
(b-2)
Br
NH,

N Pd(dba),,

P(tert-Bu)s,

tert-BuONa,

toluene
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-continued

[Step 2: Synthesis of 9-(4-bromophenyl)-10-phenylan-
thracene (Abbreviation: PA)]
(i) Synthesis of 9-phenylanthracene

5.4 g (21.1 mmol) of 9-bromoanthracene, 2.6 g (21.1
mmol) of phenylboronic acid, 60 mg (0.21 mmol) of Pd
(OAc),, 10 ml (20 mmol) of potassium carbonate (K,CO,)
water solution with 2 mol/l, 263 mg (0.84 mmol) of tri(ortho
tolyl)phosphine (P(o-tolyl),), and 20 ml of 1,2-dimethoxy-
ethane (abbreviation: DME) were mixed and stirred at 80° C.
for 9 hours. After reaction, precipitated solid was collected by
suction filtration, and dissolved in toluene, and then filtered
through florisil, Celite (registered trademark), and alumina.
After the filtrate is washed with water and saturated saline, it
was dried with magnesium sulfate. After the natural filtration,
when the filtrate is condensed, 21.5 g of a light-brown solid of
9-phenylanthracene, which was the intended object, was
obtained with a yield of 85% (synthetic scheme of (b-3)).

[Chem. 4]
(b-3)

Br

B(OH),
Pd(OAc),,
M K2C03 aq,
DME,
P(o-tolyl);

(ii) Synthesis of 9-bromo-10-phenylanthracene

6.0 g (23.7 mmol) of 9-phenylanthracene was dissolved in
80 ml of carbon tetrachloride, and a solution in which 3.80 g
(21.1 mmol) of bromine was dissolved in 10 ml of carbon
tetrachloride was dropped into the reaction solution by a
dropping funnel. After the dropping, stirring was conducted
for 1 hour at room temperature. After reaction, a sodium
thiosulfate water solution was added and the reaction was
stopped. An organic layer was washed with an NaOH water
solution and a saturated saline and dried with magnesium
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sulfate. After the natural filtration, it was concentrated, dis-
solved in toluene, and filtered through florisil, Celite (regis-
tered trademark), and alumina. The filtrate was concentrated
and recrystallized by dichloromethane and hexane. Then, 7.0
g of a light-yellow solid of 9-bromo-10-phenylanthracene,
which was the intended object, was obtained with a yield of
89% (synthetic scheme of (b-4)).

[Chem. 5]

(b-4)

B, OCl,
—

Br

(iil) Synthesis of 9-iodo-10-phenylanthracene

3.33 g (10 mmol) of 9-bromo-10-phenylanthracene was
dissolved in 80 ml of tetrahydrofuran (abbreviation: THF),
and the temperature was lowered to -78° C. 7.5 ml (12.0
mmol) of n-BuLi (1.6M) was dropped into the reaction solu-
tion by a dropping funnel, and it was stirred for 1 hour. A
solution in which 5 g (20.0 mmol) of iodine was dissolved in
20 ml of THF was dropped and stirred for 2 hours at -78° C.
After reaction, a sodium thiosulfate water solution was added
to stop the reaction. An organic layer was washed with a
sodium thiosulfate water solution and a saturated saline and
dried with magnesium sulfate. After the natural filtration, the
filtrate was concentrated and the obtained solid was recrys-
tallized by ethanol. Then, 3.1 g of a light-yellow solid of
9-10do-10-phenylanthracene, which was the intended object,
was obtained with a yield of 83% (synthetic scheme of (b-5)).

[Chem. 6]

(b-5)

1) n-BuLi
—_—
2) I/THF
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-continued

(iv) Synthesis of 9-(4-bromophenyl)-10-phenylanthracene
(Abbreviation: PA)

1.0g (2.63 mmol) of 9-iodo-10-phenylanthracene, 542 mg
(2.70 mmol) of p-bromophenyl boronic acid, 46 mg (0.03
mmol) of Pd(PPh,),, 3 ml (6 mmol) of potassium carbonate
(X,CO,) water solution with 2 mol/L, and 10 ml of toluene
were stirred at 80° C. for 9 hours. After reaction, toluene was
added and filtration was conducted using florisil, Celite (reg-
istered trademark), and alumina. After the filtrate was washed
with water and saturated saline, it was dried with magnesium
sulfate. After natural filtration, the filtrate was concentrated,
and when it is recrystallized with chloroform and hexane, 562
mg of a light brown solid of 9-(4-bromophenyl)-10-pheny-
lanthracene, which was the intended object, was obtained
with a yield of 45% (synthetic scheme of (b-6)).

[Chem. 7]

(b-6)
Br

B(OH),
Pd(OAc),,
M K2CO3 aq,
DME,
P(o-tolyl};

[Step 3: Synthesis of YGAPA]

409 mg (1.0 mmol) of 9-(4-bromophenyl)-10-phenylan-
thracene, 339 mg (1.0 mmol) of 9-[4-(N-phenylamino)phe-
nyl]carbazole, 6 mg (0.01 mmol) of Pd(dba),, 500 mg (5.2
mol) of tert-BuONa, 0.1 ml of P(tert-Bu);, and 10 ml of
toluene were stirred at 80° C. for 4 hours. After reaction, a
solution was washed with water, a water layer was extracted
using toluene, and it was washed together with the organic
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layer using saturated saline, and thereafter dried with magne-
sium sulfate. After natural filtration, the filtrate was concen-
trated and the obtained oil-like substance was purified by
silica gel column chromatography (hexane:toluene=7:3) and
recrystallized by dichloromethane and hexane. Then, a 534
mg of yellow powdered solid of YGAPA, which was the
intended object, was obtained with a yield of 81% (synthetic
scheme of (b-7)). When this compound was measured by a
nuclear magnetic resonance method ("H-NMR), it was con-
firmed that this compound was YGAPA.

[Chem. 8]
(b-7)

——
Pd(dba),,
P(tert-Bu)s,
tert-BuONa,

Q toluene
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Subsequently, a synthetic method of CzPA represented by
the following structural formula (2) will be explained.

[Chem. 9]

/

\ / \

A

/

%
»

A synthetic method of CzPA using 9-(4-bromophenyl)-10-
phenylanthracene obtained in the step 2 in synthesizing
YGAPA as a starting material will be shown. A mixture of 1.3
g (3.2 mmol) of 9-(4-bromophenyl)-10-phenylanthracene,
578 mg (3.5 mmol) of carbazole, 50 mg (0.017 mmol) of
bis(dibenzylideneacetone)palladium (0), 1.0 mg (0.010
mmol) of t-butoxy sodium, 0.1 mL of tri(t-butyl)phosphine,
and 30 mL of toluene was heated to reflux at 110° C. for 10
hours. After reaction, the reaction solution was washed with
water, a water layer was extracted with toluene, and it was
washed together with the organic layer using saturated saline,
and thereafter dried with magnesium sulfate. After natural
filtration, the filtrate was concentrated and the obtained oil-
like substance was purified by silica gel column chromatog-
raphy (hexane:toluene=7:3) and recrystallized by dichlo-
romethane and hexane. Then, 1.5 g of CzPA, which was the
intended object, was obtained with a yield of 93%. Sublima-
tion purification of 5.50 g of the obtained CzPA was con-
ducted under conditions of at 270° C., under a stream of argon
(flow rate: 3.0 ml/min), at a pressure of 6.7 Pa for 20 hours;
thus, 3.98 g thereof was collected and the collection rate was
72%. A synthetic scheme of CzPA from 9-phenyl-10-(4-bro-
mophenyl)anthracene is shown below. When this compound
was measured by a nuclear magnetic resonance method (*H-
NMR), it was confirmed that this compound was CzPA.

[Chem. 10]

carbazole
—_—
Pd(dba),,
P(t-Bu),,
t-BuONa
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-continued

-0

This application is based on Japanese Patent Application
serial No. 2005-233603 filed in Japan Patent Office on Aug.
11, 2005, the entire contents of which are hereby incorporated
by reference.

What is claimed is:
1. A compound having the formula: 2,7-bis{N-[4(N-car-
bazolyl)phenyl]-N-phenylamino}-spiro-9,9'-bifluorene.

2. A light emitting device comprising:

a first electrode;

a second electrode; and

a light emitting laminated body formed between the first
electrode and the second electrode,

wherein the light emitting laminated body comprises a
compound having the formula: 2,7-bis{N-[4(N-carba-
zolyl)phenyl]-N-phenylamino }-spiro-9,9"-bifluorene.

3. A light emitting device comprising:

a first electrode;

a second electrode; and

a light emitting laminated body formed between the first
electrode and the second electrode,

wherein the light emitting laminated body comprises at
least a first layer having a hole transporting propetrty, a
second layer, and a third layer, wherein the second layer
is formed between the first layer and the third layer,

wherein the third layer comprises an emission center mate-
rial and a host material in which the emission center
material is dispersed, and

wherein the second layer comprises a compound having
the formula: 2,7-bis{N-[4(N-carbazolyl)phenyl]-N-
phenylamino} -spiro-9,9'-bifluorene.

4. A light emitting device comprising:

a first electrode;

a second electrode; and

a light emitting laminated body formed between the first
electrode and the second electrode,

wherein the light emitting laminated body comprises at
least a first layer having a hole transporting property, a
second layer, and a third layer, wherein the second layer
is formed between the first layer and the third layer,

wherein the third layer comprises an emission center mate-
rial and a host material in which the emission center
material is dispersed,

wherein the second layer has an energy gap larger than an
energy gap of the first layer and equal to or larger than an
energy gap of the host material, and
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wherein the second layer comprises a compound having
the formula: 2,7-bis{N-[4(N-carbazolyl)phenyl]-N-
phenylamino}-spiro-9,9'-bifluorene.

5. A light emitting device comprising:

a first electrode;

a second electrode; and

a light emitting laminated body formed between the first
electrode and the second electrode,

wherein the light emitting laminated body comprises at
least a first layer having a hole transporting propetrty, a
second layer, a third layer, a fourth layer, and a fifth layer
having an electron transporting property, wherein the
second layer is formed between the first layer and the
third layer, and wherein the fourth layer is formed
between the third layer and the fifth layer,

wherein the third layer comprises an emission center mate-
rial and a host material in which the emission center
material is dispersed, and

wherein the second layer comprises a compound having
the formula: 2,7-bis{N-[4(N-carbazolyl)phenyl]-N-
phenylamino}-spiro-9,9'-bifluorene.

6. A light emitting device comprising:

a first electrode;

a second electrode; and

a light emitting laminated body formed between the first
electrode and the second electrode,

wherein the light emitting laminated body comprises at
least a first layer having a hole transporting property, a
second layer, a third layer, a fourth layer, and a fifth layer
having an electron transporting property, wherein the
second layer is formed between the first layer and the
third layer, and wherein the fourth layer is formed
between the third layer and the fifth layer,

wherein the third layer comprises an emission center mate-
rial and a host material in which the emission center
material is dispersed,
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wherein the second layer has an energy gap larger than an
energy gap of the first layer and equal to or larger than an
energy gap of the host material,

wherein the fourth layer has an energy gap larger than an
energy gap of the fifth layer and equal to or larger than
the energy gap of the host material, and

wherein the second layer comprises a compound having
the formula: 2,7-bis{N-[4(N-carbazolyl)phenyl]-N-
phenylamino}-spiro-9,9"-bifluorene.

7. The light emitting device according to claim 3,

wherein the second layer has a thickness between 0.1 nm
and less than 5 nm.

8. The light emitting device according to claim 4,

wherein the second layer has a thickness between 0.1 nm
and less than 5 nm.

9. The light emitting device according to claim 5,

wherein the second layer has a thickness between 0.1 nm
and less than 5 nm.

10. The light emitting device according to claim 6,

wherein the second layer has a thickness between 0.1 nm
and less than 5 nm.

11. The light emitting device according to claim 3,

wherein the emission center material is able to emit phos-
phorescence.

12. The light emitting device according to claim 4,

wherein the emission center material is able to emit phos-
phorescence.

13. The light emitting device according to claim 5,

wherein the emission center material is able to emit phos-
phorescence.

14. The light emitting device according to claim 6,

wherein the emission center material is able to emit phos-
phorescence.
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