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(57) ABSTRACT 

It is an object of the invention to provide a light emitting 
device which can display a Superior image in which lumi 
nescent color from each light emitting layer is beautifully 
displayed and power consumption is lowered in a light 
emitting element in which light emitting layers are stacked. 
One feature of the invention is that, in a light emitting 
element which comprises light emitting layers stacked 
between electrodes, each distance between each light emit 
ting layer and an electrode is approximately oddly multi 
plied 4 wavelength by controlling a thickness of a layer 
provided therebetween to enhance luminous output effi 
ciency. Another feature of the invention is that a drive 
Voltage is lowered using a high conductive material for the 
layer compared with a conventional element. 
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EXPLANATION OF REFERENCE 

100: electrode, 100R: light emitting element/unit, 100G: light emitting 
element/unit, 100B: light emitting element/unit, 101: electrode, 101B: 
light emitting unit, 101R: light emitting unit, 101a: light emitting unit, 102: 
electrode, 105: pixel portion, 111: layer, 112: layer, 111B: layer, 111R: 
layer, 111a: layer, 111b: layer, 112B: layer, 112R: layer, 112a: layer, 113: 
layer, 113R: layer, 113a; layer, 122: hole transporting layer, 123: light 
emitting layer, 124: electron transporting layer, 128: layer, 311: base 
insulating film, 312: electric conductor, 313: electric conductor, 317: 
sealing medium, 323: IC chip, 324: anisotropy conductive material, 502: 
light emitting device, 600: substrate, 603: light emitting element, 607: 
interlayer insulating film, 608: insulating film, 610: opposing substrate, 
611: thin film transistor (TFT), 612: color filter, 612R: color filter, 612G: 
color filter, 612B: Color filter, 705: Connection wire, 712: sealing material, 
713: passivation film, 715: anisotropy conductive material, 716: flexible 
printed circuit, 720: pixel portion, 721: scanning line driver circuit, 722: 
scanning line driver circuit, 723: signal line driver circuit, 751: inside, 
752: spacer, 753: resin, 802: circuit board, 811: tuner, 812: video signal 
amplifier circuit, 813: video signal processing circuit, 814: control circuit, 
815: signal dividing circuit, 816: audio signal amplifier circuit, 817: audio 
signal processing circuit, 818: Speaker, 819: Control circuit, 820: input 
portion, 831: chassis, 832; display Screen, 834: operating switch, 904: 
capacitor element, 910: scanning line, 911: transistor, 912: signal line, 
915: power Supply line, 918: erasing transistor, 919: scanning line, 920: 
transistor, 925: transistor, 926: power supply line, 938: diode element, 
9101: main body, 9102: display portion, 9201: main body, 9202: display 
portion, 9301: main body, 9302: display portion, 9701: display portion, 
9702: display portion 
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LIGHT EMITTING DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a light emitting 
device which can be utilized as a display means, a light 
Source, or the like. 

BACKGROUND ART 

0002. A display device including a light emitting element 
(hereinafter, referred to as a light emitting device) has a 
wider viewing angle and a higher response characteristic and 
operates with lower power consumption compared with a 
display device having a liquid crystal element, namely a 
liquid crystal display device. Therefore, the light emitting 
device has been actively developed. 
0003) A light emitting element includes an organic mate 
rial or an inorganic material between a pair of electrodes. By 
applying current to the organic material or inorganic mate 
rial and exciting a light emitting material, a predetermined 
luminescent color can be obtained. To increase emission 
luminance of the light emitting element, a large amount of 
current may be Supplied, in other words, high Voltage may 
be applied to the pair of electrodes; therefore, the advantage 
of low power consumption cannot be attained. In addition, 
deterioration of the light emitting element may be acceler 
ated by applying a large amount of current. 
0004 Hence, a light emitting element in which emission 
luminance is increased by stacking a plurality of light 
emitting elements and applying current which has the same 
current density as a single layer is proposed (refer to Patent 
Document 1: Japanese Patent Laid-Open No. 2003-272860). 
By utilizing this light emitting element, a predetermined 
luminance can be obtained by a light emitting element 
having a stacked-layer structure even if current which has 
less than half current density of a single layer is applied. For 
example, it is said that n times luminance can be accom 
plished without increasing current density if n light emitting 
units having the same structure existing between electrodes 
are provided. At this time, it is mentioned that drive voltage 
also becomes n times or more; however, there is a great 
advantage that n times luminance can be obtained without 
sacrificing lifetime. 

DISCLOSURE OF INVENTION 

0005 The above Patent Document 1 discloses all optical 
film thicknesses from each emission position to a reflective 
electrode are set to be approximately oddly multiplied 4 
wavelength since a plurality of emission positions separately 
exists. Embodiment 5 in Patent Document 1 discloses an 
optical distance from a blue emission position to a reflective 
electrode is controlled intentionally by adjusting a thickness 
of a hole transporting layer including C-NPD of a light 
emitting unit in a light emitting element with a blue light 
emitting unit and a red light emitting unit. 
0006 The characteristics of a hole transporting layer such 
as C.-NPD is closer to that of a light emitting layer as 
compared to a hole injecting layer and the hole transporting 
layer with low conductivity; therefore, a structure of increas 
ing a thickness of the hole transporting layer is not prefer 
able since drive voltage is increased if the thickness of the 
hole transporting layer is increased. 
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0007. The distance with which the luminous output effi 
ciency not being lowered is different depending on an 
emission wavelength; therefore, the film thickness of 
O-NPD in light emitting units are required to be differenti 
ated from each other in a light emitting element. Therefore, 
luminous output efficiency of whole light emitting element 
is not enhanced only by differentiating film thicknesses of 
O-NPD in a blue light emitting unit. Further, according to 
Patent Document 1, when film thickness of C-NPD in a red 
light emitting unit is differentiated from film thicknesses in 
the other units, a film thickness of whole light emitting 
element is increased and a drive Voltage is increased. By 
increasing drive Voltage, a problem of increasing power 
consumption of a light emitting device is led. 
0008 Further, luminous efficiency is different according 
to each luminescent color. To take a balance of luminance in 
whole emission of a light emitting device, it is required to 
apply a large amount of current for a light emitting element 
with inferior luminous efficiency; therefore, there is a dis 
advantage that deterioration of a light emitting element is 
accelerated. 

0009. It is an object of the invention to reduce power 
consumption of a light emitting device. It is another object 
of the invention to reduce deterioration because of lumi 
nance change of a pixel in a light emitting device. It is 
another object of the invention to provide a light emitting 
device and a manufacturing method of the light emitting 
device, which can display a Superior image in which beau 
tiful luminescent color from each light emitting layer is 
displayed and which operates with low power consumption 
in a light emitting element in which light emitting layers are 
stacked. 

0010. In view of the foregoing problems, one feature of 
the present invention is that, in a light emitting element 
which comprises light emitting layers stacked between elec 
trodes, an optical distance (hereinafter, referred to as a 
distance) from each light emitting layer to an electrode is 
controlled. Specifically, one feature of the invention is that 
the distance between a reflective electrode and each light 
emitting layer is controlled by a thickness of a layer pro 
vided therebetween, respectively, to enhance luminous out 
put efficiency. 

0011) Another feature of the invention is to form a pixel 
portion having a light emitting element in which light 
emitting layers are stacked and a light emitting element in 
which a light emitting layer is single. For example, a light 
emitting element having a problem of low emission lumi 
nance is formed by Stacking light emitting layers, and 
another light emitting element is formed with one light 
emitting layer. 

0012. A specific mode of the invention is a light emitting 
device in which a plurality of light emitting layers are 
stacked between a first electrode and a second electrode 
which face each other, and a distance from each of the 
plurality of light emitting layers to the first electrode is 
approximately oddly multiplied 4 wavelength (2m-1)2/4 
(m: natural number) by controlling a thickness of a layer 
provided between each light emitting layer and the first 
electrode so that luminous output efficiency is enhanced. 
Note that it may not be possible to be just oddly multiplied 
/4 wavelength because of film formation accuracy in some 
cases, therefore, “approximately' is used here. The inven 
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tion comprises the range of oddly multiplied 4 wavelength 
+10% when reciting approximately oddly multiplied 4 
wavelength. 

0013 Another mode of the invention is a light emitting 
device in which a plurality of light emitting layers are 
stacked between a first electrode and a second electrode 
which face each other, each light emitted from the plurality 
of light emitting layers has different color, and a distance 
from each of the plurality of light emitting layers to the first 
electrode is approximately oddly multiplied 4 wavelength 
by controlling a thickness of a layer provided between the 
light emitting layer and the first electrode and in contact with 
each of the plurality of light emitting layers so that luminous 
output efficiency is enhanced. 
0014) Another mode of the invention is a light emitting 
device including a stacked layer type light emitting element 
in which a plurality of light emitting layers is stacked 
between a first electrode and a second electrode which face 
each other and a single-layer type light emitting element 
having one light emitting layer between a first electrode and 
a second electrode, in which al distance from each of the 
plurality of light emitting layers to the first electrode is 
approximately oddly multiplied 4 wavelength by control 
ling a thickness of a layer provided between the light 
emitting layer and the first electrode in the stacked layer type 
light emitting element so that luminous output efficiency is 
enhanced. 

0015. Another mode of the invention is a light emitting 
device including a stacked layer type light emitting element 
in which a plurality of light emitting layers are stacked 
between a first electrode and a second electrode which face 
each other and a single-layer type light emitting element 
having one light emitting layer between a first electrode and 
a second electrode, in which each light emitted from the 
plurality of light emitting layers in the stacked layer type 
light emitting element has different color, and the distance 
from each of the plurality of light emitting layers to the first 
electrode is approximately oddly multiplied 4 wavelength 
by controlling a thickness of a layer which is provided 
between the light emitting layer and the first electrode and 
which is in contact with each of the plurality of light 
emitting layers in light emitting element so that luminous 
output efficiency is enhanced. 

0016 One feature of the invention is that a highly con 
ductive material is used for a layer for control so that 
luminous output efficiency is enhanced and the distance 
from a reflective electrode to a light emitting layer is 
approximately oddly multiplied 4 wavelength by control 
ling a thickness of the first layer. A film which determines a 
distance is formed from a highly conductive material in the 
light emitting element according to the invention; therefore, 
drive voltage can be lowered compared with the above 
Patent Document 1. 

0017. In the invention, a material which exhibits emis 
sion from a triplet excited state or a material which exhibits 
emission from a singlet excited State can be included in a 
light emitting layer. Therefore, emission in which emission 
from a triplet excited State and emission from a singlet 
excited state are included can be obtained by the stacked 
light emitting layers. Obviously, only emission from a triplet 
excited State or only emission from a singlet excited State 
can be obtained from the stacked light emitting layers. 
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0018. It is to be noted that a light emitting element 
including the stacked light emitting layers can be referred to 
as a light emitting element including in light emitting layers 
between electrodes by using a natural number n. 
0019. According to the invention, luminance obtained 
when same amount of current is Supplied can be increased 
compared with a light emitting element having a light 
emitting layer of a single layer. In other words, the amount 
of current for obtaining same luminance, which flows 
between electrodes, can be lowered. 

BRIEF DESCRIPTION OF DRAWINGS 

0020. In the accompanying drawings: 
0021 FIG. 1 is a view showing a light emitting element 
according to the present invention; 
0022 FIG. 2 is a view showing a light emitting element 
according to the invention; 
0023 FIG. 3 is a view showing a light emitting element 
according to the invention; 

0024 FIG. 4 is a view showing a light emitting element 
according to the invention; 

0025 FIG. 5 is a view showing a light emitting device 
according to the invention; 

0026 FIG. 6 is a view showing a light emitting device 
according to the invention; 

0027 FIG. 7 is a view showing a light emitting device 
according to the invention; 
0028 FIGS. 8A to 8C are views showing light emitting 
devices according to the invention; 
0029 FIGS. 9A to 9D are diagrams each showing a pixel 
circuit of a light emitting device according to the invention; 

0030 FIG. 10 is a diagram showing a pixel circuit of a 
light emitting device according to the invention; 

0031 FIG. 11 is a view showing a television receiver 
according to the invention; 
0032 FIG. 12 is a diagram showing a system of a 
television receiver according to the invention; 
0033 FIG. 13 is a diagram showing a television receiver 
according to the invention; 

0034 FIGS. 14A to 14E are views each showing an 
electronic device according to the invention; 
0035 FIGS. 15A to 15C are views each showing a light 
emitting device according to the invention; 

0036 FIG. 16 is a graph showing luminance with respect 
to a wavelength of light emitting elements; 

0037 FIG. 17 is a graph showing luminance with respect 
to a wavelength of light emitting elements; 

0038 FIGS. 18A and 18B are views each showing a light 
emitting element according to the present embodiment; and 

0039 FIG. 19 is a view showing a light emitting device 
according to the invention. 



US 2007/0176 161 A1 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0040 Embodiment modes according to the present 
invention are described in detail with reference to the 
drawings. However, it is easily understood by those who are 
skilled in the art that embodiments and details herein dis 
closed can be modified in various ways without departing 
from the purpose and the scope of the present invention. 
Therefore, it should be noted that the description of embodi 
ment modes to be given below should not be interpreted as 
limiting the present invention. Note that the same reference 
numerals are given to the same portions or the portions 
having the same function in all drawings, and the description 
thereof is not repeated. 

Embodiment Mode 1 

0041. In this embodiment mode, a structure of a light 
emitting element in which light emitting units are stacked is 
explained. 

0.042 FIG. 1 shows a light emitting element in which a 
first light emitting unit 100B, a second light emitting unit 
100G, and a third light emitting unit 100R are sequentially 
stacked between a first electrode 101 and a second electrode 
102. The colors of light emitted from the light emitting units 
100B, 100G, and 100R are not limited in particular. In this 
embodiment mode, however, a case where the first light 
emitting unit exhibits blue emission, the second light emit 
ting unit exhibits green emission, and the third light emitting 
unit exhibits red emission is explained in this embodiment 
mode. The light emitting element in which light emitting 
units are stacked indicates a state where two or more light 
emitting units are stacked. In this embodiment mode, a state 
where three light emitting units are stacked is explained; 
however, the present invention is not limited to this. 
0043. In the light emitting element shown in FIG. 1, the 

first electrode 101 is formed from a material having high 
reflectivity and the second electrode 102 is formed from a 
material having a high light-transmitting property to extract 
light from the second electrode 102. The light emitting unit 
100R includes a first layer 111R, a second layer 112R, and 
a third layer 113R; the light emitting unit 100G includes a 
first layer 111G, a second layer 112G, and a third layer 113G: 
and the light emitting unit 100B includes a first layer 111B, 
a second layer 112B, and a third layer 113B. 
0044) Each of the light emitting units has a feature that a 
distance from the first electrode 101 to the second layer 112 
(112B, 112G and 112R) in each light emitting unit is 
approximately oddly multiplied 4 wavelength by control 
ling a thickness of the first layer 111 (111B, 111G and 111R) 
in the case of using each of the second layers 112 as a layer 
including a light emitting layer. In other words, each of the 
light emitting elements has a feature that a distance between 
the first electrode 101 and the light emitting layer is approxi 
mately oddly multiplied 4 wavelength by controlling a 
thickness of a layer provided therebetween. Therefore, the 
thicknesses of the first layers 111R. 111G, and 111B are 
different in each light emitting unit. 
0045. The distances from the first electrode 101 to the 
respective light emitting layers are different from one 
another since the light emitting units are stacked so that 
luminous output efficiency is enhanced. Therefore, a light 
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emitting element in which the thicknesses of the first layers 
111 provided between the first electrode 101 and each light 
emitting layer are controlled respectively is provided. As a 
result, a state where luminous output efficiency is high can 
be provided. 

0046. As described above, luminous efficiency can be 
enhanced by Stacking light emitting units; therefore, an 
amount of current flow can be kept low to obtain same 
luminous and the lifetime of the light emitting element can 
be improved. 

0047. In this embodiment mode, a mode in which the 
-thicknesses of all the first layers 111 R, 111G, and 111B are 
controlled is shown. However, according to the invention, a 
thickness of any one of the first layers 111 included in a light 
emitting element in which light emitting units are stacked 
may be controlled. By controlling any one of the first layers 
111, a state where luminous output efficiency is high can be 
provided and an effect that an amount of current flow is kept 
low can be obtained. 

0048. In this invention, the light emitting element in 
which light emitting units are stacked is not required to 
include light emitting layers each of which exhibits different 
luminescent colors. In other words, according to the inven 
tion, layers which exhibit the same luminescent color may 
be stacked. This is because a state where luminous efficiency 
is high can be provided even if layers which exhibit the same 
luminescent colors are stacked, and an effect that an amount 
of current flow is kept low can be obtained. 
0049 According to the invention, the first layer 111 is 
formed from a highly conductive material and a thickness of 
the first layer 111 is controlled; therefore, drive voltage can 
be lowered compared with a conventional element men 
tioned in Patent Document 1 and the like. 

0050. The first to third layers 111 to 113 (113B, 113G and 
113R) can be formed by a sputtering method, a vapor 
deposition method, or the like. 

0051) Next, the electrodes will be explained. The first 
electrode 101 is formed from a material having high reflec 
tivity and the second electrode 102 is formed from a material 
having a light-transmitting property. The light-transmitting 
property can be also obtained by forming a quite thin film 
using a material having no light-transmitting property. 

0052 As a material for the first electrode 101, a metal 
material Such as titanium (Ti), aluminum (Al), gold (Au), 
platinum (Pt), nickel (Ni), tungsten (W), chromium (Cr), 
molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu), or 
palladium (Pd) can be used, and a single layer or a stacked 
layer of the above metal material can be used. The first 
electrode 101 can be formed, for example, by a sputtering 
method, a vapor deposition method, or the like. 

0053) The second electrode 102 can be formed from a 
light-transmitting material Such as indium tin oxide (ITO), 
indium tin oxide containing silicon oxide, or indium oxide 
containing 2 to 20% of zinc oxide. In addition, it is possible 
to use a thin film formed from a metal material having no 
light-transmitting property Such as gold (Au), platinum (Pt), 
nickel (Ni), tungsten (W), chromium (Cr), molybdenum 
(Mo), iron (Fe), cobalt (Co), copper (Cu), or palladium (Pd) 
So as to have a light-transmitting property. As for the second 
electrode 102, a single layer or a stacked layer of the above 
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metal materials can be used. In the case of using a stacked 
layer structure, a structure in which the metal material 
having no light-transmitting property is thinly formed and a 
light-transmitting material is stacked thereover can be used. 
In order to prevent the resistance from being increased due 
to the formation of the thin second electrode 102, an 
auxiliary wiring can be provided. 

0054) The first electrode 101 or second electrode 102 
may be an anode or a cathode, respectively, depending on 
Voltage which is applied to the light emitting element. It is 
preferable to use a material having a high work function 
(work function of 4.0 eV or more) in case of an anode, and 
a material having a low work function (work function of 3.8 
eV or less) in case of a cathode. 
0055. The first electrode 101 or second electrode 102 can 
be formed by a sputtering method, a vapor deposition 
method, or the like. In the case of using a vapor deposition 
method, the first electrode 101, the first to third layers 111 to 
113, and the second electrode 102 can be formed continu 
ously without being exposed to the air. Impurity mixing into 
interfaces and the like can be reduced by forming the light 
emitting element continuously without being exposed to the 
air in this way. 
0056. The light emitting element according to the inven 
tion controls the thickness of the first layer 111 provided 
between each light emitting layer and the first electrode 101, 
and thus, a state where luminous output efficiency is high 
can be obtained. Further, according to the invention, lumi 
nous efficiency at the same current density can be enhanced 
by Stacking the light emitting element; therefore, density of 
current flow can be kept low and the lifetime of the light 
emitting element can be improved. 
0057. As described above, a light emitting device having 
a light emitting element in which light emitting units are 
stacked can display an image which is clear and Superior in 
image quality, and low power consumption can be attained. 

Embodiment Mode 2 

0.058. In this embodiment mode, a structure of a light 
emitting element which is different from that in the above 
described embodiment mode is explained. 
0059. According to the present invention, a light emitting 
element in which light emitting units are stacked is not 
required to be applied to all light emitting elements formed 
over a substrate. A distance from each of light emitting 
layers to a first electrode 101 can be approximately oddly 
multiplied /4 wavelength by controlling a thickness of a first 
layer 111 for at least one light emitting element, and accord 
ingly, a state where luminous output efficiency is high can be 
obtained, luminous efficiency at the same current density can 
be enhanced, and density of current which is applied can be 
kept low. As a result of keeping current density low, the 
lifetime of the light emitting element can be improved. In 
this embodiment mode, a case where one light emitting 
element which exhibits one luminescent color is a light 
emitting element in which light emitting units are stacked is 
explained. 
0060 FIG. 2 shows a state where a first light emitting 
element 100B, a second light emitting element 100G, and a 
third light emitting element 100R are provided over the 
same substrate. The colors of light emitted from the light 
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emitting elements 100B, 100G, and 100R are not limited in 
particular. In this embodiment mode, however, a case where 
the first light emitting element exhibits blue emission, the 
second light emitting element exhibits green emission; and 
the third light emitting element exhibits red emission, is 
explained. 
0061. A light emitting element in which light emitting 
units 100B (1) and 100B (2) are stacked is used for the light 
emitting element which exhibits blue emission. A light 
emitting element in which light emitting units are stacked as 
described above is expediently referred to as a stacked layer 
type light emitting element. Further, light emitting elements 
each including one light emitting unit are used for the light 
emitting elements 100R and 100G which exhibit red emis 
sion or green emission, respectively, and are expediently 
referred to as single-layer type light emitting elements. 
0062) The structures of the first electrode 101 and the 
second electrode 102 are similar to that in the above 
described Embodiment Mode 1: therefore, the explanation is 
omitted. 

0063. In such a stacked layer type light emitting element, 
the distance from a light emitting layer to the first electrode 
101 is approximately oddly multiplied 4 wavelength by 
controlling a thickness of the first layer 111 (111B(1) and 
111B(2)). As a result, luminous output efficiency is enhanced 
and current density can be kept low. By keeping current 
density low, the lifetime of the stacked layer type light 
emitting element can be improved. A second layer 112 
(112B(1) and 112B(2)) and a third layer 113 (113B(1) and 
113B(2)) are included in each of the light emitting units. 
0064. As described above, luminous efficiency can be 
enhanced by the stacked layer type light emitting element; 
therefore, density of current flow can be kept low and the 
lifetime can be improved. Therefore, it is desirable to 
selectively apply the stacked layer type light emitting ele 
ment to a light emitting element which is easily deteriorated. 
0065. Also in a single-layer type light emitting element, 
the distance from a light emitting layer to a first electrode 
101 can be approximately oddly multiplied 4 wavelength 
by controlling a thickness of a first layer 111 (111G and 
111R). As a result, luminous output efficiency can be 
enhanced. A second layer 112 (112G and 112R) and a third 
layer 113 (113G and 113R) are included in each of the light 
emitting units. 
0066. In the stacked layer type light emitting element and 
single-layer type light emitting element, the first layer 111 
(111B(1), 111B(2), 111G and 111R)is formed from a highly 
conductive material and a thickness of the first layer 111 is 
controlled; therefore, drive voltage can be lowered com 
pared with a conventional element mentioned in Patent 
Document 1 and the like. 

0067. As described above, a light emitting device in 
which a stacked layer type light emitting element is used for 
at least one light emitting element which exhibits one 
luminescent color can display an image which is clear and 
Superior in image quality, and low power consumption can 
be attained. 

Embodiment Mode 3 

0068. In this embodiment mode, a case where a stacked 
layer type light emitting element is applied to a light 
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emitting element which exhibits different luminescent color 
from that in the above embodiment mode is explained. 
0069. In the present invention, a stacked layer type light 
emitting element may be used for an element except a first 
light emitting element 100B. For example, a single layer 
type light emitting element may be used as a light emitting 
element 100G which exhibits luminescent color with high 
sensitivity with respect to human eyes such as green emis 
Sion, and accordingly, the light emitting element 100G may 
have a structure in which the number of light emitting layers 
included between a pair of electrodes is smaller than that of 
the stacked layer type light emitting elements 100R and 
100B which exhibit red emission or blue emission, respec 
tively. 
0070 The explanation of another structure is omitted 
since it is similar to the above embodiment mode. 

0071. In the stacked layer type light emitting element, a 
distance from a light emitting layer to a first electrode 101 
is approximately oddly multiplied 4 wavelength by con 
trolling a thickness of a first layer 111. As a result, luminous 
output efficiency is enhanced and current density can be kept 
low. By keeping current density low, the lifetime of the 
stacked layer type light emitting element can be improved. 
0072 Also in a single-layer type light emitting element, 
a distance from a light emitting layer to a first electrode 101 
can be approximately oddly multiplied 4 wavelength by 
controlling a thickness of a first layer 111. As a result, 
luminous output efficiency can be enhanced. 
0073. As described above, by differentiating the number 
of the light emitting layers provided between the pair of 
electrodes in a light emitting element which exhibits lumi 
nescent color with low sensitivity with respect to human 
eyes and in a light emitting element which exhibits lumi 
nescent color with high sensitivity with respect to human 
eyes, luminance of each color can be harmonized efficiently. 
0074. In the stacked layer type light emitting element and 
the single-layer type light emitting element, the first layer 
111 is formed from a highly conductive material and a 
thickness of the first layer 111 is controlled; therefore, drive 
Voltage can be lowered compared with a conventional 
element mentioned in Patent Document 1 and the like. 

0075. As described above, a light emitting device in 
which a stacked layer type light emitting element is used for 
at least one light emitting element which exhibits lumines 
cent color can display an image which is clear and Superior 
in image quality, and low power consumption can be 
attained. 

Embodiment Mode 4 

0076. In this embodiment mode, a structure and a mate 
rial of each light emitting element are explained. 
0.077 As shown in FIG. 3, a light emitting unit includes 
a first layer 111, a second layer 112, and a third layer 113 
which are stacked sequentially from a first electrode 101. 
0078 When voltage is applied to this light emitting 
element having the light emitting unit so that the electric 
potential of the first electrode 101 is higher than the electric 
potential of a second electrode 102, holes are injected from 
the first layer 111 into the second layer 112, and electrons are 
injected from the third layer 113 into the second layer 112. 
Then, holes and electrons are recombined in the second layer 
112 and a light emitting material is made to be an excited 
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state, and accordingly, luminescence is produced when the 
light emitting material in the excited State returns to the 
ground state. 
0079. The material of the first to third layers 111 to 113 
will be explained. 
0080. The first layer 111 is a layer which generates holes. 
This function can be achieved by using a layer including a 
hole transporting material and a material which exhibits an 
electron accepting property to the hole transporting material. 
In addition, it is preferable that the material which exhibits 
an electron accepting property to the hole transporting 
material be included so that the molar ratio is 0.5 to 2 (=the 
material which exhibits an electron accepting property to the 
hole transporting material/the hole transporting material) 
with respect to the hole transporting material. 
0081. The hole transporting material is a material in 
which a transporting property of holes is higher than that of 
electrons, and for example, organic compounds such as 
aromatic amine compounds such as 4,4'-bisN-(1-naphthyl)- 
N-phenylamino biphenyl (abbreviation: C-NPD), 4,4'-bis 
N-(3-methylphenyl)-N-phenylamino biphenyl (abbrevia 
tion: TPD), 4,4',4'-tris(N,N-diphenylamino) triphenylamine 
(abbreviation: TDATA), 4,4',4'-tris N-(3-methylphenyl)-N- 
phenylamino triphenylamine (abbreviation: MTDATA). 
and 4,4'-bisN-4-(N,N-di-m-tolylamino)phenyl-N-pheny 
lamino biphenyl (abbreviation: DNTPD); or phthalocya 
nine compounds such as phthalocyanine (abbreviation: 
HPc), copper phthalocyanine (abbreviation: CuPc), and 
vanadyl phthalocyanine (abbreviation: VOPc) can be used. 
It is to be noted that the hole transporting material is not 
limited thereto. 

0082 In addition, for example, an oxide of metal belong 
ing to any one of Group 4 to 12 in the periodic table (a metal 
oxide) can be used as the material which exhibits an electron 
accepting property to the hole transporting material. Among 
others, an oxide of metal belonging to any one of Groups 4 
to 8 in the periodic table often has a high electron accepting 
property, and a vanadium oxide, a molybdenum oxide, a 
niobium oxide, a rhenium oxide, a tungsten oxide, a ruthe 
nium oxide, a titanium oxide, a chromium oxide, a Zirco 
nium oxide, a hafnium oxide, and a tantalum oxide are 
particularly preferable. Besides the oxides, nitrides and 
oxynitrides of the metals mentioned above may be used. It 
is to be noted that the material which exhibits an electron 
accepting property to the hole transporting material is not 
limited thereto, and iron trichloride (FeCl), aluminum 
trichloride (AlCl), or 7,7,8,8-tetracyano-2,3,5,6-tet 
rafluoro-quinodimethane (abbreviation: FTCNQ) may be 
used. 

0083. As described above, the first layer 111 includes a 
mixed layer of a hole transporting material comprising an 
organic compound and a material which exhibits an electron 
accepting property to the hole transporting material and 
which comprising the above metal oxide. It is to be noted 
that the mixed layer includes a layer in which an organic 
compound and an inorganic compound are mixed or a layer 
in which each of an organic compound and an inorganic 
compound are thinly formed. 
0084. By using this mixed layer of an organic compound 
and an inorganic compound, crystallization of the organic 
compound can be suppressed and the first layer 111 can be 
thickly formed without increasing-resistance. Further, the 
mixed layer of an organic compound and a material which 
exhibits an electron accepting property to the hole trans 
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porting material and which is formed from the above metal 
oxide has high conductivity; therefore, a film can be thick 
ened without increasing resistance. Hence, even if there is a 
depression/projection due to dust, dirt, or the like over the 
first electrode 101, the depression/projection hardly impacts 
since the first layer 111 is thickly formed. Therefore, failure 
such as short circuit between the first electrode 101 and the 
second electrode 102 due to a depression/projection can be 
prevented. Further, the first electrode 101 and the second 
layer 112 can be separated from each other by forming the 
first layer 111 thickly; therefore, quenching of emission due 
to metal can be prevented. 
0085. It is to be noted that the first layer 111 may include 
another organic compound. As another organic compound, 
rubrene and the like are given. Reliability can be enhanced 
by adding rubrene. 
0086) This first layer 111 can be formed by a vapor 
deposition method. When a mixed layer of a plurality of 
compounds is formed as the first layer 111, a co-evaporation 
method can be used. The co-evaporation method includes a 
co-evaporation method by resistance-heating evaporation, a 
co-evaporation method by electron-beam evaporation, and a 
co-evaporation method by resistance-heating evaporation 
and electron-beam evaporation. In addition, the first layer 
111 may be formed by combining the same type of methods 
or different types of methods, for example, deposition by 
resistance-heating evaporation and Sputtering, and deposi 
tion by electron-beam evaporation and sputtering. The 
example described above shows a layer including two kinds 
of materials. However, when three or more kinds of mate 
rials are included, the first layer 111 may be similarly formed 
by combining the same type of methods or different types of 
methods. 

0087 Next, the second layer 112 which is a layer includ 
ing a light emitting layer is explained. The layer including 
the light emitting layer may be a single layer formed of only 
the light emitting layer or a multilayer including the light 
emitting layer. To cite a case, a specific multilayer includes 
a light emitting layer and additionally an electron transport 
ing layer and/or a hole transporting layer. FIG. 3 shows a 
case of a multilayer in which the second layer 112 includes 
a hole transporting layer 122, a light emitting layer 123, and 
an electron transporting layer 124. 

0088. The hole transporting layer 122 can be formed 
from a known material. Typical examples include aromatic 
amine-based compounds, and for example, star burst aro 
matic amine compounds such as 4,4'-bisN-(1-naphthyl)-N- 
phenyl-amino-biphenyl (hereinafter, referred to as C-NPD), 
4,4',4'-tris(N,N-diphenyl-amino)-triphenylamine (hereinaf 
ter, referred to as TDATA), and 4,4',4'-tris N-(3-methylphe 
nyl)-N-phenyl-amino-triphenyla mine (hereinafter, referred 
to as MTDATA) are given. 
0089. It is preferable that the light emitting layer 123 be 
a layer including a light emitting material dispersed in a 
layer formed from a material having larger energy gap than 
that of the light emitting material. It is to be noted that the 
energy gap indicates the energy gap between the LUMO 
level and the HOMO level. In addition, a material which 
provides a favorable luminous efficiency and is capable of 
producing luminescence of a desired emission wavelength 
may be used for the light emitting material. 

0090 For the material which is used for dispersing the 
light emitting material, for example, anthracene derivatives 
such as 9,10-di(2-naphthyl)-2-tert-butylanthracene (abbre 
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viation: t-Bul)NA); carbazole derivatives such as 4,4'- 
bis(N-carbazolyl) biphenyl (abbreviation: CBP); metal com 
plexes such as bis(2-(2-hydroxyphenyl)pyridinato Zinc 
(abbreviation: Znpp), and bis2-(2-hydroxyphenyl)benzox 
azolato Zinc (abbreviation: ZnBOX); and the like can be 
used. However, the material which is used for dispersing the 
light emitting material is not limited to these materials. By 
the light emitting layer 123 in which the light emitting 
material is dispersed, quenching of emission from the light 
emitting material due to concentration can be prevented. 
0091 Next, light emitting materials for the light emitting 
layer 123 will be mentioned. When red emission is desired 
to be obtained, 4-dicyanomethylene-2-isopropyl-6-2-(1,1, 
7,7-tetramethyljulolidine-9-yl)ethenyl-4H-pyran (abbrevia 
tion: DCJTI), 4-dicyanomethylene-2-methyl-6-2-(1,1,7,7- 
tetramethylulolidine-9-yl)ethenyl-4H-pyran (abbreviation: 
DCJT), 4-dicyanomethylene-2-tert-butyl-6-2-(1,1,7,7-tet 
ramethylulolidine-9-yl)ethenyl-4H-pyran (abbreviation: 
DCJTB), periflanthene, 2,5-dicyano-1,4-bis(2-(10-methoxy 
1,1,7,7-tetramethylulolidine-9-yl)ethenylbenzene, and the 
like can be used. However, the material for obtaining red 
emission is not limited to these materials, and a material 
which exhibits emission with a peak from 600 nm to 680 nm 
in an emission spectrum can be used. 
0092. When green emission is desired to be obtained, 
N,N'-dimethylcuinacridone (abbreviation: DMQd), cou 
marin 6, coumarin 545T, tris (8-quinolinolato) aluminum 
(abbreviation: Alq), and the like can be used. However, the 
material for obtaining green emission is not limited to these 
materials, and a material which exhibits emission with a 
peak from 500 nm to 550 nm in an emission spectrum can 
be used. 

0093. In addition, when blue emission is desired to be 
obtained, 9,10-di(2-naphthyl)-2-tert-butylanthracene 
(abbreviation: t-Bu)NA), 9.9'-bianthryl, 9,10-diphenylan 
thracene (abbreviation: DPA), 9,10-bis(2-naphthyl) 
anthracene (abbreviation: DNA), bis(2-methyl-8-quinolino 
lato)-4-phenylphenolato-gallium (abbreviation: BGaq), 
bis(2-methyl-8-quinolinolato)-4-phenylphenolato-alumi 
num (abbreviation: BAlq), and the like can be used. How 
ever, the material for obtaining blue emission is not limited 
to these materials, and a material which exhibits emission 
with a peak from 420 nm to 500 nm in an emission spectrum 
can be used. 

0094. A light emitting device of full color display can be 
made by selecting Such a light emitting material. 
0.095 When white emission is desired to be obtained, for 
example, TPD (aromatic diamine), 3-(4-tert-butylphenyl)- 
4-phenyl-5-(4-biphenylyl)-1,2,4-triazole (abbreviation: 
TAZ), tris(8-quinolinolato) aluminum (abbreviation: Alq). 
Alq, doped with Nile Red which is red luminescent pigment, 
and Alq are sequentially stacked from the first electrode 101 
side by a vapor deposition method or the like. 
0096. In addition, C-NPD, C-NPD doped with perylene, 
bis(2-methyl-8-quinolinolato)-4-phenylphenolate-alumi 
num (abbreviation: BAlq) doped with DCM1, and Alq may 
be sequentially stacked from the first electrode 101 side by 
a vapor deposition method or the like. 
0097. In addition, white emission can be obtained by 
dispersing 2-(4-biphenylyl)-5-(4-tert-buthylphenyl)-1,3,4- 
oxadiazole (abbreviation: PBD) of 30 wt % as an electron 
transport agent into poly(N-vinylcarbazole) (abbreviation: 
PVK) and dispersing an adequate amount of four kinds of 
pigments (TPB, coumarin 6, DCM1, and Nile Red). 
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0098. Even if a light emitting device which displays 
single color of any one of red, blue, green, and white is 
formed, desirable emission can be exhibited by a color filter, 
and further, full color display can-be conducted. 
0099. As the light emitting layer 123, a layer in which a 
metal oxide is mixed into an organic compound may be 
used. By using the mixed layer of an organic compound and 
a metal oxide, the second layer 112 can be thickly formed 
without increasing resistance. 
0100 Next, the electron transporting layer 124 is 
explained. The electron transporting layer 124 is a layer 
which has a function of transporting electrons injected from 
the second electrode 102 to the light emitting layer 123. By 
providing the electron transporting layer 124 in this way to 
further separate the second electrode 102 and the light 
emitting layer 123 from each other, quenching of emission 
due to metal can be prevented. 
0101. It is preferable that the electron transporting layer 
124 be formed from a material in which the electron 
mobility is higher than the hole mobility. Further, it is more 
preferable that the electron transporting layer 124 beformed 
from a material which has the electron mobility of 10 
cm/Vs or more. In addition, the electron transporting layer 
124 may be a layer which has a multilayer structure formed 
by combining two or more layers including the material 
described above. As a specific material for the electron 
transporting layer, a metal complex having a quinoline 
skeleton or a benzoquinoline skeleton, Such as tris(8-quino 
linolato) aluminum (abbreviation: Alq), tris(5-methyl-8- 
quinolinolato)aluminum (abbreviation: Almqi), bis(10-hy 
droxybenzoh-quinolinato)beryllium (abbreviation: 
BeBd), or BAlq mentioned above, is preferred. In addition, 
a metal complex having an oxazole-based or thiazole-based 
ligand, such as bis(2-(2-hydroxyphenyl)-benzoxazolato 
zinc (abbreviation: Zn(BOX)) or bis(2-(2-hydroxyphenyl)- 
benzothiazolatozinc (abbreviation: Zn(BTZ)), can be used. 
Moreover, besides metal complexes, 2-(4-biphenylyl)-5-(4- 
tert-butylphenyl)-1,3,4-oxadiazole (abbreviation: PBD), 
1,3-bis(5-(p-tert-butylphenyl)-1,3,4-oxadiazole-2-ylben 
Zene (abbreviation: OXD-7), 3-(4-tert-butylphenyl)-4-phe 
nyl-5-(4-biphenylyl)-1,2,4-triazole (abbreviation: TAZ), 
3-(4-tert-butylphenyl)-4-(4-ethylphenyl)-5-(4-biphenylyl)- 
1,2,4-triazole (abbreviation: p-EtTAZ), bathophenanthroline 
(abbreviation: BPhen), bathocuproin (abbreviation: BCP), 
or the like can be also used. 

0102) This second layer 112 can be manufactured by a 
vapor deposition method whether the second layer 112 has 
a single-layer structure or a stacked-layer structure. When a 
mixed layer is formed for layers included in the second layer 
112, a co-evaporation method can be used. The co-evapo 
ration method includes a co-evaporation method by resis 
tance-heating evaporation, a co-evaporation method by elec 
tron-beam evaporation, and a co-evaporation method by 
resistance-heating evaporation and electron-beam evapora 
tion. In addition, the second layer 112 can be formed by 
combining the same type of methods or different types of 
methods, for example, deposition-by resistance-heating 
evaporation and Sputtering and deposition by electron-beam 
evaporation and sputtering. The example described above 
shows a layer including two kinds of materials. However, 
when three or more kinds of materials are included, the 
second layer 112 can be formed also in the same way by 
combining the same type of methods or different-types of 
methods as described above. 

0103) Next, the third layer 113 which is a layer generating 
electrons is explained. As this third layer 113, for example, 
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a layer including an electron transporting material and a 
material which exhibits an electron donating property to the 
electron transporting material can be cited. 
0104. It is to be noted that the electron transporting 
material is a material in which a transporting property of 
electrons is higher than that of holes, and for example, metal 
complexes such as tris(8-quinolinolato) aluminum (abbre 
viation: Alq), tris(4-methyl-8-quinolinolato) aluminum 
(abbreviation: Almqi), bis(10-hydroxybenzoh-quinolina 
to)beryllium (abbreviation: BeBd), bis(2-methyl-8-quino 
linolato)-4-phenylphenolato-aluminum (abbreviation: 
BAlq), bis 2-(2-hydroxyphenyl)benzoxazolatozinc (abbre 
viation: Zn(BOX)), and bis(2-(2-hydroxyphenyl)ben 
Zothiazolatozinc (abbreviation: Zn(BTZ)): 2-(4-bipheny 
lyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (abbreviation: 
PBD); 1,3-bis(5-(p-tert-butylphenyl)-1,3,4-oxadiazole-2-yl) 
benzene (abbreviation: OXD-7): 3-(4-tert-butylphenyl)-4- 
phenyl-5-(4-biphenylyl)-1,2,4-triazole (abbreviation: TAZ); 
3-(4-tert-butylphenyl)-4-(4-ethylphenyl)-5-(4-biphenylyl)- 
1,2,4-triazole (abbreviation: p-EtTAZ); bathophenanthroline 
(abbreviation: BPhen); bathocuproin (abbreviation: BCP); 
and 4,4'-bis(5-methyl-benzoxazol-2-yl) stilbene (abbrevia 
tion: BZOs) can be used. In addition, the third layer 113 can 
be formed from an n-type semiconductor. However, the 
electron transporting material is not limited thereto. 
0105. Further, as the material which exhibits an electron 
donating property to the electron transporting material, a 
material selected from an alkali metal or an alkaline earth 
metal, specifically, lithium (Li), calcium (Ca), natrium (Na). 
kalium (K), magnesium (Mg), or the like can be used. 
0106 Further, an oxide of the alkali metal, an oxide of the 
alkaline earth metal, a nitride of the alkali metal, a nitride of 
the alkaline earth metal, or the like can exhibit an electron 
donating property to the electron transporting material. As a 
specific material, lithium oxide (Li2O), calcium oxide 
(CaO), natrium oxide (Na2O), kalium oxide (k-O), magne 
siumoxide (MgO), and the like are given. As a material 
which exhibits the similar effect, a nitride or a fluoride of the 
alkali metal, and a nitride or a fluoride of the alkaline earth 
metal are given, and specifically, lithium fluoride (LiF), 
cesium fluoride (CsF), calcium fluoride (CaF), and the like 
can be given. However, the material which exhibits an 
electron donating property to the electron transporting mate 
rial is not limited thereto. It is preferable that the material 
which exhibits an electron donating property to the electron 
transporting material be included so that the molar ratio is 
0.5 to 2 (=the material which exhibits an electron donating 
property to the electron transporting material/the electron 
transporting material) with respect to the electron transport 
ing material. 
0107 Alternatively, the third layer 113 may be a layer 
formed from a material Such as Zinc oxide, Zinc sulfide, Zinc 
Selenide, tin oxide, or titanium oxide. 
0108). Further, it is preferable that the third layer 113 
include a mixed layer of the electron transporting material, 
which comprising an organic compound, and the material 
which exhibits an electron donating property to the electron 
transporting material. Crystallization of the organic com 
pound which is used for the third layer 113 can be sup 
pressed by using this mixed layer of the organic compound 
and the inorganic compound, and the third layer 113 can be 
thickly formed without increasing resistance. Further, a 
mixed layer of an organic compound and a material which 
exhibits an electron donating property to the electron trans 
porting material and which is formed from the above metal 



US 2007/0176 161 A1 

oxide has high conductivity; therefore, a film can be thick 
ened. Hence, even if there is a depression/projection due to 
dust, dirt, or the like over the substrate, the depression/ 
projection hardly impacts since the third layer 113 is thickly 
formed without increasing resistance. Therefore, failure 
such as short circuit between the first electrode 101 and the 
second electrode 102 due to a depression/projection can be 
prevented. Further, the first electrode 101 and the second 
layer 112 can be separated from each other by forming the 
third layer 113 thickly; therefore, quenching of emission due 
to metal can be prevented. 
0109 Further, as the material which exhibits an electron 
donating property to the electron transporting material, a 
material selected from an alkali metal or an alkaline earth 
metal, specifically, an oxide of metal selected from lithium 
(Li), calcium (Ca), natrium (Na), kalium (K), magnesium 
(Mg), or the like is given. As a specific metal oxide, an oxide 
of the alkali metal or an oxide of the alkaline earth metal is 
given. Specifically, lithium oxide (LiO), calcium oxide 
(CaO), natrium oxide (Na2O), kalium oxide (KO), magne 
sium oxide (MgO), and the like are given. As a material 
which exhibits the similar effect, a nitride or a fluoride of the 
alkali metal, and a nitride or a fluoride of the alkaline earth 
metal are given, and specifically, lithium fluoride (LiF), 
cesium fluoride (CsP), calcium fluoride (CaF), and the like 
are given. In addition, an oxynitride of the metal may be 
used if the similar effect can be obtained. 

0110. This third layer 113 can be manufactured by a 
vapor deposition method. When a mixed layer is formed as 
the third layer 113, a co-evaporation method can be used. 
The co-evaporation method includes a co-evaporation 
method by resistance-heating evaporation, a co-evaporation 
method by electron-beam evaporation, and a co-evaporation 
method by resistance-heating evaporation and electron 
beam evaporation. In addition, the third layer 113 can be 
formed by combining the-same type of methods or different 
types of methods, for example, deposition by resistance 
heating evaporation and sputtering and deposition by elec 
tron-beam evaporation and sputtering. The example 
described above shows a layer including two kinds of 
materials. However, when three or more kinds of materials 
are included, the third layer 113 can be formed also in the 
same way by combining the same type of methods or 
different types of methods as described above. 
0111. In the stacked layer type light emitting element, the 
third layer 113 provided between the light emitting layers 
also serves as a layer which prevents excitation energy from 
moving toward only any one of the light emitting layers. The 
third layer 113 is preferably a layer which has a higher 
ionization potential than that of a light emitting layer formed 
below the third layer 113 and which has a higher LUMO 
level than the LUMO level of a light emitting layer formed 
above the third layer 113. 
0112 Thus, the third layer 113 is preferably formed so as 
to have a film thickness of 1 to 30 nm. 

0113. In the stacked layer type light emitting element, 
each of the first layers 111 and the third layers 113 may 
comprise a bipolar material. Abipolar material is a Substance 
in which a value of a ratio of mobility of one carrier which 
is any of an electron and a hole to mobility of the other 
carrier is 100 or less, preferably 10 or less, when mobility of 
one carrier and mobility of the other carrier are compared 
with each other. In particular, among bipolar materials, a 
material in which mobility of a hole and an electron is 
1x10 cm/Vs or more is preferably used. As the bipolar 
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material, for example, 2,3-bis(4-diphenylaminophenyl)cqui 
noxaline (abbreviation: TPAQn), 2,3-bis(4-N-(1-naph 
thyl)-N-phenylaminolphenyl-dibenzof, hquinoxaline 
(abbreviation: NPADiBZQn), and the like are given. Further, 
each of the first layers 111 and the third layers 113 may 
comprises the same bipolar material. 
0114. It is to be noted that one feature of the present 
invention is that thicknesses of the first layers 111 in each 
light emitting element are approximately oddly multiplied 4 
wavelength so that luminous output efficiency is high, and 
the invention is not limited to the structure of the light 
emitting element shown in FIG. 3. For example, although 
FIG. 3 shows the structure provided with the electron 
transporting layer 124 formed in contact with the third layer 
113, there may be a case where the electron transporting 
layer 124 is not included. In this case, the light emitting layer 
123 is in contact with the third layer 113; therefore, a 
material for dispersing a light emitting material is preferably 
used for the light emitting layer 123. Similarly, there may be 
a case where the hole transporting layer 122 is not included. 
0.115. In addition, a material which is capable of produc 
ing luminescence without being dispersed. Such as Alds, can 
be used for the light emitting layer 123. Since Alq or the 
like is a light emitting material which has a favorable carrier 
transporting property, a layer composed of only Alq can 
serve as the light emitting layer 123 without being dispersed. 
0116. These first to third layers 111 to 113 can be formed 
by the same method such as a vapor deposition method, and 
can be therefore formed continuously without being exposed 
to the air. Impurity mixing into an interface and the like can 
be reduced by forming the first to third layers 111 to 113 
continuously without being exposed to the air in this way. 
0117 FIG. 4 shows a structure which is different from 
that in FIG. 3. 

0118. As shown in FIG.4, a light emitting element shown 
in this embodiment mode includes a first layer 111, a second 
layer 112, a third layer 113, and a fourth layer 128 which are 
sequentially stacked from a first electrode 101, and the 
structure has a feature of providing the fourth layer 128. The 
fourth layer 128 can be formed from a material which is the 
same as that of the first layer 111. Since another structure is 
described above, the explanation is omitted. 
0119) By thusly providing the fourth layer 128, damage 
to each layer when a second electrode 102 is formed can be 
reduced. 

0.120. In a light emitting element in which light emitting 
units are stacked, the thicknesses of the first layers 111 in 
each light emitting element are differentiated so that lumi 
nous output efficiency is enhanced. In the case of differen 
tiate thicknesses, a mixed layer of an organic compound and 
a metal oxide may be used for the fourth layer 128 in the 
same manner as the first layer 111. It is preferable that the 
mixed layer be used for the fourth layer 128 since, by using 
the mixed layer for the fourth layer 128, drive voltage does 
not rise even if a film is thickened. It is to be noted that a 
nitride or an oxynitride of metal may be used if an effect 
which is equivalent to a metal oxide can be obtained. 
0.121. In addition, damage caused when the second elec 
trode 102 is formed can be expected to be further reduced by 
thickening the fourth layer 128. 
0.122 The invention can provide a light emitting device 
in which the mixed layer of an organic compound and a 
metal oxide is used for the first layer 111 and the fourth layer 
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128 in the light emitting element in which light emitting 
units are stacked, luminous output efficiency is enhanced by 
a thickness of the layer, and driving at low voltage can be 
achieved. Further, the light emitting layer 123 and the first 
electrode 101, or the light emitting layer 123 and the second 
electrode 102 can be separated from each other by forming 
the layers thickly; therefore, quenching of emission due to 
metal can be prevented. Furthermore, the light emitting 
element can be thickly formed; therefore, short circuit 
between electrodes can be prevented and mass productivity 
can be enhanced. 

0123. A light emitting device having a stacked layer type 
light emitting element having the above described layer can 
display an image which is clear and Superior in image 
quality, and low power consumption can be attained. 

Embodiment Mode 5 

0.124. In this embodiment mode, a cross-sectional view of 
three pixels is explained with reference to FIG. 5, where a 
transistor (driving transistor) which controls current Supply 
toward a light emitting element is a p-type thin film tran 
sistor (TFT) 611 and light emitted from a light emitting 
element 603 is extracted from a second electrode 102 side 
(top emission type). In this embodiment mode, light emitting 
units 100R, 100G, and 100B which exhibit emission of R, G, 
and B, respectively, are stacked; therefore, colors are mixed 
and light emitted from the light emitting element can be 
recognized as white light. Therefore, a mode that full color 
display is conducted by using color filters 612R, 612G, and 
612B of each color, which are formed over an opposing 
substrate 610, is shown. 
0125 Besides, a light emitting element in which light 
emitting units are stacked which exhibits white color has a 
structure in which a light emitting unit which exhibits red 
emission and a light emitting unit which exhibits bluish 
green emission are stacked. By mixing the colors, light 
emitted from the light emitting element can be recognized as 
white light. 
0126. In FIG. 5, a p-type TFT 611 is formed over a 
Substrate 600 and a first electrode 101 and the TFT 611 are 
electrically connected. Further, light emitting units which 
exhibit emission of each of R, G, and B are stacked and a 
second electrode 102 is stacked over the first electrode 101. 
There is a case where the structure of a light emitting 
element includes first to third layers 111 to 113 as shown in 
the above embodiment mode and further includes a fourth 
layer 128. 
0127. The TFT 611 has a source region and a drain region 
added with an impurity element and a channel forming 
region formed in a separated island-shaped semiconductor 
film which is 10 to 200 nm in thickness. For the semicon 
ductor film, any of an amorphous semiconductor film, a 
crystalline semiconductor film, and a microcrystalline semi 
conductor film may be used. For example, in case of a 
crystalline semiconductor film, a crystalline semiconductor 
film obtained by forming an amorphous semiconductor film 
first and then conducting heat treatment can be used. The 
heat treatment indicates treatment using a heating furnace, 
laser irradiation, irradiation with light emitted from a lamp 
(hereinafter, referred to as lamp annealing) instead of laser 
light, or a combination thereof. In the case of using laser 
irradiation, a continuous-wave laser (CW laser) or a pulsed 
oscillation laser (pulsed laser) can be used, and further, these 
lasers can be used by being combined. For example, a laser 
light of a continuous-wave fundamental wave and a laser 
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light of a continuous-wave harmonic may be emitted, and 
alternatively, a laser light of a continuous-wave fundamental 
wave and a laser light of a pulsed-oscillation harmonic may 
be emitted. By emitting a plurality of laser lights, energy can 
be compensated. 
0128. Further, in case of laser irradiation, an incidence 
angle of laser may be set to be 0 (0°-0<90°) with respect 
to the semiconductor film. As a result, laser interferometry 
can be prevented. 
0129. Alternatively, a pulsed laser may be used, which 
can obtain a continuously-grown crystal grain in a scanning 
direction by oscillating a laser light at a repetition rate which 
can emit the next pulsed laser light during a period from 
melting the semiconductor film by laser light to Solidifying 
the same. A pulsed beam which is emitted at a frequency 
with a lower limit can be used in such a way that the period 
of pulsed oscillation is shorter than the period from melting 
the semiconductor film to completing Solidification thereof. 
The repetition rate of a pulsed beam which can be actually 
used is 10 MHz or more, and a frequency band much higher 
than a usually-used frequency band of several tens to several 
hundreds of HZ is used. 

0.130. As another crystallization method by heat treat 
ment, in the case of using a heating furnace, there is a 
method of heating an amorphous semiconductor film at 500 
to 550° C. for 2 to 20 hours. In this case, the temperature is 
preferably controlled by multistep regulation in the 500 to 
550° C. range so as to gradually get higher. Since hydrogen 
and the like in the semiconductor film are released in the 
initial heating step at a lower temperature, film roughness by 
crystallization can be reduced, and further, a dangling bond 
can be terminated. Moreover, it is preferable to provide a 
metal element which promotes crystallization, for example, 
Ni, on the amorphous semiconductor film since the heating 
temperature can be reduced. Even in case of crystallization 
using this metal element, the semiconductor film may be 
heated to 600 to 950° C. 

0131 However, in the case of forming the metal element, 
there is fear that adverse effects are caused on electrical 
characteristics of a semiconductor element. Therefore, it is 
necessary to perform a gettering step for reducing or remov 
ing the metal element. For example, a step of capturing the 
metal element with an amorphous semiconductor film as a 
gettering sink may be conducted. 
0.132. Further, the TFT 611 has a gate insulating film 
covering the semiconductor film and a gate electrode, and an 
insulating film containing hydrogen may be provided over 
the gate electrode. A dangling bond in a crystalline semi 
conductor film can be terminated by the hydrogen. 
0.133 The TFT 611 has a single-drain structure including 
only higher-concentration impurity regions, the Source 
region and the drain region. Alternatively, the TFT 611 may 
have an LDD (Lightly Doped Drain) structure including a 
lower-concentration impurity region and higher-concentra 
tion impurity regions. It is to be noted that the TFT 611 may 
have a GOLD (Gate Overlapped LDD) structure in which a 
lower-concentration impurity region is overlapped with a 
gate electrode. 
0134) The TFT 611 is covered with an interlayer insulat 
ing film 607, and an insulating film 608 with an opening is 
formed over the interlayer insulating film 607. In this 
embodiment mode, the invention is not limited to the 
structure having the interlayer insulating film 607 and the 
insulating film 608, and a structure having only the inter 
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layer insulating film 607 may be employed. The interlayer 
insulating film 607 may be a single-layer structure or a 
stacked-layer structure, and can be formed from an inorganic 
material, an organic material, or a stacked-layer structure of 
an inorganic material and an organic material. When an 
organic material is used, planarity can be enhanced. As the 
organic material, polyimide, acrylic, polyamide, polyimide 
amide, resist, or benzocyclobutene can be used. Further, 
siloxane or polysilaZane may be used for the interlayer 
insulating film 607. Siloxane is an insulating film including 
a Si-O-Si bond formed by using a siloxane-based mate 
rial as a starting material. PolysilaZane is an insulating film 
formed by using a liquid material containing a polymer 
material having a bond of silicon (Si) and nitrogen (N) as a 
starting material. In this embodiment mode, a structure in 
which the interlayer insulating film 607 is formed from an 
inorganic material is shown. 
0135) The first electrode 101 is partly exposed in an 
opening portion of the insulating film 608, and a stacked 
layer type light emitting element in which the first electrode 
101, the light emitting units 100B, 100G, and 100R, and the 
second electrode 102 are sequentially stacked in the opening 
is formed. 

0136. In each of the light emittingunitts 100B, 100G, and 
100R, a thickness of each first layer 111 is approximately 
oddly multiplied /4 wavelength so that luminous output 
efficiency from each light emitting layer 123 is enhanced. In 
addition, a layer in which an organic compound and a metal 
oxide are mixed is used for the first layer 111 to prevent drive 
Voltage from rising due to increase in thickness. 
0137 As described above, each light emitting unit 
includes the first layer 111 having a hole transporting 
material, the third layer 113 having an electron transporting 
material, and the like, in addition to the second layer 112 
having the light emitting layer 123. 

0138. In this embodiment mode, the first electrode 101 is 
an anode and the first layer 111 having a hole transporting 
material, the second layer 112 having the light emitting layer 
123, and the third layer 113 having an electron transporting 
material are sequentially stacked from the first electrode 101 
since the TFT 611 is a p-channel type. Alternatively, when 
the TFT 611 is -an n-type, the first electrode 101 is prefer 
ably a cathode, and the third layer 113 having an electron 
transporting material, the second layer 112 having the light 
emitting layer 123, and the first layer 111 having a hole 
transporting material are sequentially stacked from the first 
electrode 101. 

0.139. In this embodiment mode, a top emission type is 
employed; therefore, the first electrode 101 has reflectivity 
(namely, non light-transmitting property) and the second 
electrode 102 is formed from a light-transmitting material. 
For these materials, it is possible to refer to the embodiment 
mode described above. 

0140. In case of the pixel shown in FIG. 5, light emitted 
from the light emitting element 603 can be extracted from 
the second electrode 102 side as indicated by an arrow, and 
full color display can be conducted by the color filters 612R, 
612G, and 612B. 
0141 According to the invention, white emission with a 
wide range in which emission wavelengths of respective R. 
G, and B are added with one another can be obtained 
compared with the light emitting element formed from a 
white color material having a single layer. Further, in a light 
emitting unit of each of R, G, and B, a thickness of the first 
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layer 111 is approximately oddly multiplied 4 wavelength 
so that luminous output efficiency is enhanced. Therefore, 
thicknesses of the first layers 111 are different from one 
another in accordance with each of R, G, and B, and a layer 
in which an organic compound and a metal oxide are mixed 
is preferably used for the first layer 111 which is required to 
be especially thickened. This is because drive voltage can be 
prevented from rising even if the thickness of the first layer 
is increased. 

0142. In this embodiment mode, the TFT 611 can be 
made to be an n-type. In this case, the third layer 113 having 
a hole transporting material, the second layer 112 having the 
light emitting layer 123, and the first layer 111 having a hole 
transporting material may be sequentially stacked from the 
first electrode 101 by making the first electrode 101 serve as 
a cathode. 

Embodiment Mode 6 

0.143. In this embodiment mode, a mode of conducting 
full color display by color filters 612R, 612G, and 612B of 
each color which are formed below a substrate 600 is shown, 
where a transistor 611 is a p-type and light emitted from a 
light emitting element 603 is extracted from a first electrode 
101 side (bottom emission type). 
0144. In FIG. 6, a first electrode 101 of a light emitting 
element 603 and a TFT 611 are electrically connected. In 
addition, light emitting units 100B, 100G, and 100R and a 
second electrode 102 are stacked over the first electrode 101. 

0145 The TFT 611 can be formed in the same manner as 
in the above embodiment mode. Also in this embodiment 
mode, the invention is not limited to a structure having an 
interlayer insulating film 607 and an insulating film 608, and 
a structure having only an interlayer insulating film 607 may 
be employed. Further, since a bottom emission type is 
employed, the first electrode 101 has a light-transmitting 
property and the second electrode 102 has reflectivity. For 
these materials, it is possible to refer to the embodiment 
mode described above. Furthermore, color filters 612R, 
612G, and 612B of each color are provided below the 
substrate 600 in the first electrode 101 side which is in a light 
emission side. It is to be noted that the color filters 612R, 
612G, and 612B are not required to be provided below the 
substrate 600 and may be provided in a light emitting 
direction. For example, the color filters 612R, 612G, and 
612B can be provided in the same layer as in the interlayer 
insulating film 607. 
0146 The light emitting element 603 in which light 
emitting units are stacked can be formed in the same manner 
as in the above embodiment mode. In other words, in each 
of the light emitting units 100B, 100G, and 100R, a thick 
ness of each of the third layer 113 is approximately oddly 
multiplied 4 wavelength so that luminous output efficiency 
from each light emitting layer 123 is enhanced. Further, a 
layer in which an organic compound and a metal oxide are 
mixed is used for a third layer 113 to prevent drive voltage 
from rising due to increase in thickness. As a specific 
material in the third layer 113, lithium oxide (LiO), calcium 
oxide (CaO), natriumoxide (NaO), kalium oxide (KO), 
magnesium oxide (MgO), and the like are given. As a 
material which exhibits the similar effect, a nitride or a 
fluoride of the alkali metal, and a nitride or a fluoride of the 
alkaline earth metal are given, and specifically, lithium 
fluoride (LiF), cesium fluoride (CsP), calcium fluoride 
(CaF2), and the like can be given. 
0.147. In case of the pixel shown in FIG. 6, light emitted 
from the light emitting element 603 can be extracted from 
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the first electrode 101 side as indicated by an arrow, and full 
color display can be conducted by the color filters 612R, 
612G, and 612B. 

0148. According to the invention, white emission with a 
wide range in which emission wavelength of each of R, G, 
and B are added can be obtained compared with the light 
emitting element formed from a white color material having 
a single layer. 

0149 Further, in a light emitting unit of each of R, G, and 
B, a thickness of the third layer 113 is approximately oddly 
multiplied 4 wavelength so that luminous output efficiency 
is enhanced. Therefore, thicknesses of the third layers 113 
are different from each other in accordance with each of R, 
G, and B, and a layer in which an organic compound and a 
metal oxide are mixed is preferably used for the third layer 
113 which is required to be especially thickened. This is 
because drive Voltage can be prevented from rising even if 
a thickness is increased. 

0150. In the case where the TFT 611 is an n-type in this 
embodiment mode, the first electrode 101 is made to serve 
as a cathode. Therefore, the first layer having an electron 
transporting material, the second layer having the light 
emitting layer, and the third layer having a hole transporting 
material may be sequentially stacked from the first electrode 
101. 

Embodiment Mode 7 

0151. In this embodiment mode, a case where full color 
display is conducted without using color filters by using 
light emitting materials which exhibit each luminescent 
color for each of light emitting units 100R, 100G, and 100B 
is explained. 

0152. A top emission type light emitting device shown in 
FIG. 7 is explained, in which a TFT 611 is a p-type and light 
emitted from a light emitting element 603 is extracted from 
a second electrode 102 side. The TFT 611 and each of light 
emitting elements 100R, 100G, and 100B are provided over 
a substrate 600. At this time, a stacked layer type light 
emitting element 100B is used for blue (B), and single-layer 
type light emitting elements 100R and 100B are used for red 
(R) and green (G), respectively. Then, a thickness of a first 
layer 111 of each light emitting element is approximately 
oddly multiplied 4 wavelength to enhance luminous output 
efficiency. In a stacked layer type light emitting element, a 
thickness of the first layer 111 is approximately oddly 
multiplied /4 wavelength according to each light emitting 
element. 

0153. The blue light emitting element is stacked as 
described above since a light emitting element emitting blue 
color has low luminous efficiency compared with light 
emitting elements emitting other colors, therefore, having 
short life time. Since luminous efficiency is low, it is 
required to drive at high Voltage, and accordingly, deterio 
ration is easy to generate. By stacking the light emitting 
element, luminous efficiency at the same current density can 
be enhanced; therefore, density of current flow can be kept 
low and lifetime can be improved. 
0154) The structures of the TFT 611, an interlayer insu 
lating film 607, and an insulating film 608 are the same as 
that in the above embodiment mode; therefore, the expla 
nation is omitted. In this case, a first electrode 101 is formed 
from a material having reflectivity and the second electrode 
102 is formed from a light-transmitting material. 
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0.155) Even if full color display is conducted as shown in 
FIG.7, color filters 612R, 612G, and 612B may be provided 
over the substrate 600 or an opposing substrate 610 as shown 
in the above embodiment mode. The width of emission 
spectrum can be narrowed and beautiful image can be 
provided using the color filter. 
0156. It is to be noted that the TFT 611 may bean n-type, 
and in that case, the first electrode 101 is preferably a 
cathode. Then, a third layer 113 having an electron trans 
porting material, a second layer 112 having a light emitting 
layer 123, and the first layer 111 having a hole transporting 
material may be sequentially stacked from the first electrode 
101. 

0157 The stacked layer type light emitting element may 
be used for a red (R) and green (G) light emitting elements 
other than blue (B). By stacking the light emitting element, 
luminous efficiency at the same current density can be 
enhanced; therefore, current density can be kept low and 
lifetime can be improved. 

Embodiment Mode 8 

0158. In this embodiment mode, a mode of a module 
which can be connected to an external circuit in a light 
emitting device sealed by an opposing Substrate 610 is 
explained. In this embodiment mode, not a structure having 
an interlayer insulating film 607 and an insulating film 608 
but a structure having only an interlayer insulating film 607 
is explained. The number of steps is reduced by employing 
the structure having only the interlayer insulating film 607; 
therefore, mass productivity can be enhanced. 
0159 FIG. 8A shows a light emitting device in which a 
pixel portion 720 over a substrate 600, a first scanning line 
driver circuit 721, a second scanning line driver circuit 722, 
and a signal line driver circuit 723 in the periphery of the 
pixel portion are integrated. The first Scanning line driver 
circuit 721, the second scanning line driver circuit 722, and 
the signal line driver circuit 723 are connected to an external 
circuit respectively through a flexible printed circuit 716. 
0.160 The light emitting device is sealed so that the light 
emitting element is not exposed to the air directly. In this 
embodiment mode, sealing is conducted by bonding the 
substrate 600 and the opposing substrate 610 to each other 
by a sealing material 712. 
0.161 FIG. 8B shows a cross-sectional view of E-F in 
FIG. 8A. As shown in FIG. 8B, an inside 751 which is sealed 
is hollow, and the inside may be filled with gas such as a 
nitrogen gas or an inert gas, or resin since intrusion of 
oxygen or moisture which causes deterioration of a light 
emitting element can be prevented. Further, a signal input 
from the external circuit is input from a connection wire 705 
to the first scanning line driver circuit 721, the second 
scanning line driver circuit 722, and the signal line driver 
circuit 723 through the flexible printed circuit 716, and an 
emitting state or non-emitting state can be controlled accord 
ing to each light emitting element by a signal from the driver 
circuit to be displayed as an image. The flexible printed 
circuit 716 and the connection wire 705 are connected to 
each other through an anisotropic conductive material 715. 
0162 Further, a spacer 752 is provided so as to keep a 
distance from the substrate 600 to the opposing substrate 
610 which are bonded by the sealing material 712. Although 
the spacer 752 is provided over the interlayer insulating film 
607 of TFT 611, the invention is not limited to this. In 
addition, the spacer 752 may be a columnar shape or a 
spherical shape. 
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0163. In the case where a light emitting element 603 
exhibits single color emission or emission of R, G, and B, a 
color filter 612 may be provided over the opposing substrate 
610. The position of the color filter 612 may be a substrate 
600 side, not an opposing substrate 610 side. Beautiful 
image can be provided using the color filter 612. 
0164 FIG. 8C also shows a cross-sectional view of E-F 
in FIG. 8A. FIG. 8C has a different structure from FIG.8B, 
in which the substrate 600 and the opposing substrate 610 
are bonded not by the sealing material 712 but by resin 753. 
By bonding the substrates by the resin 753, inferiority in 
forming the sealing material 712 can be eliminated. A drying 
agent may be added to the resin 753. In addition, resin 753 
having a light-transmitting property may be used according 
to an emission direction. 

0165. In this embodiment mode, the first scanning line 
driver circuit 721, the second scanning line driver circuit 
722, and the signal line driver circuit 723 may be mounted 
by a TAB (Tape Automated Bonding) method to the sub 
strate being formed only the pixel portion 720; the first 
scanning line driver circuit 721, the second scanning line 
driver circuit 722, and the signal line driver circuit 7-23 may 
be mounted by COG (Chip On Glass) method to the pixel 
portion 720 and the periphery thereof; or the pixel portion 
720, the first scanning line driver circuit 721, and the second 
scanning line driver circuit 722 may be integrated over the 
substrate 600, and the signal line driver circuit 723 may be 
separately mounted as an IC. The light emitting device 
according to the invention can obtain the effect in any mode 
of a driver circuit. Further, a TFT using a crystalline semi 
conductor film or a TFT using an amorphous semiconductor 
film may be used in a driver circuit. For example, the first 
scanning line driver circuit 721 and the second Scanning line 
driver circuit 722 are not required to operate at high speed 
compared with the signal line driver circuit 723; therefore, 
a TFT using an amorphous semiconductor film can be used. 
A TFT using an amorphous semiconductor film 10 can be 
also used for a part of the circuits, for example, a buffer 
circuit, even in the signal line driver circuit 723. 

Embodiment Mode 9 

0166 In this embodiment mode, a mode of a light emit 
ting device which is different from the above embodiment 
mode is illustrated. In this embodiment mode, not a structure 
having an interlayer insulating film 607 and an insulating 
film 608 but having only an interlayer insulating film 607 is 
explained. By employing the structure having only the 
interlayer insulating film 607, the number of steps is 
reduced; therefore, mass productivity can be enhanced. 
0167 FIG. 15A shows a mode in which a top emission 
type light emitting device shown in FIG. 5 and a bottom 
emission type light emitting device shown in FIG. 6 are 
bonded to each other to be one light emitting device. In this 
case, a Substrate 600 of the top emission type light emitting 
device can be used as an opposing Substrate of the bottom 
emission type light emitting device. 
0168 For example, the formation up to a light emitting 
element 603 is conducted in the bottom emission type light 
emitting device. Then, a top emission type light emitting 
device and the bottom emission type light emitting device 
are bonded to each other by a sealing material 712. At this 
time, a top emission type light emitting device may be in a 
state where the opposing substrate 610 is pasted. 
0169. In the same manner as in the above embodiment 
mode, a space produced by the bonding may be filled with 
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gas such as a nitrogen gas or an inert gas, or resin. For 
example, an epoxy resin can be used as the resin. An epoxy 
resin has adhesiveness; therefore, adhesive strength can be 
enhanced. 

0170 FIG. 15B shows a mode in which a top emission 
type light emitting device shown in FIG. 5 and a bottom 
emission type light emitting device shown in FIG. 6 are 
bonded to each other to be one light emitting device and in 
which a scanning line driver circuitor a signal line driver 
circuit 723 is shared. Sharing a scanning line driver circuit 
or a signal line driver circuit 723 means that wirings 
formation is conducted so that a signal is Supplied from a 
scanning line driver circuit or a signal line driver circuit 723 
provided over the substrate 600 of one light emitting device 
to a light emitting element 603 provided over another light 
emitting device. Therefore, another light emitting device can 
be bonded in a state where only a pixel portion 720 is 
provided over the substrate 600. 
0171 In the same manner as in the above embodiment 
mode, a space produced by the bonding may be filled with 
a nitrogen gas or an inert gas, or resin. For example, an 
epoxy resin can be used as the resin. An epoxy resin has 
adhesiveness; therefore, adhesive strength can be enhanced. 
0.172. In addition, a light emitting device which can be 
applied to the invention is not limited to light emitting 
devices having different emission directions such as a top 
emission type light emitting device and a bottom emission 
type light emitting device, and light emitting devices having 
the same emission directions may be bonded to each other. 
For example, bottom emission type light emitting devices 
shown in FIG. 6 can be bonded to each other to be one light 
emitting device. In this case, the emission direction is the 
same; therefore, bottom emission type light emitting devices 
are arranged so as to face each other, and bonded to each 
other by a sealing material 712 to emit light to outside 
direction. Similarly, top emission type light emitting devices 
shown in FIG. 5 can be bonded to each other to be one light 
emitting device. In this case, the substrates 600 may be 
bonded to each other to emit light to outside direction. 
0.173) In the case of bonding bottom emission type light 
emitting devices so as to face each other, the bonding can be 
conducted without providing the opposing Substrate 610 as 
shown in FIG. 15C. As a result, thinning of a light emitting 
device can be achieved. For example, the formation up to a 
light emitting element 603 is conducted in two bottom 
emission type light emitting devices. Then, the bottom 
emission type light emitting devices are bonded to each 
other by a sealing material 712. Obviously, the opposing 
substrate 610 may be shared, and the bonding may be 
conducted in a state where the opposing substrate 610 is 
pasted in each bottom emission type light emitting device. 
0.174. In the same manner as in the above embodiment 
mode, a space produced by the bonding may be filled with 
a nitrogen gas or an inert gas, or resin. For example, an 
epoxy resin can be used as the resin. An epoxy resin has 
adhesiveness; therefore, adhesive strength can be enhanced. 
0.175. This embodiment mode can be freely combined 
with the above embodiment modes. For example, a structure 
in which sealing is conducted by resin 753 without using the 
sealing material shown in FIG. 8C can be employed for the 
light emitting device shown in this embodiment mode. 
0176). By using the light emitting device, a display device 
with high added value can be attained and new application 
can be provided. 
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Embodiment Mode 10 

0177. In this embodiment mode, an equivalent circuit 
diagram of a pixel included in a light emitting device is 
explained with reference to FIGS. 9A to 9D. 
0178 FIG.9A shows an example of an equivalent circuit 
of a pixel, which includes a signal line 912, a power Supply 
line 915, and a scanning line 910, and a light emitting 
element 603, transistors 611 and 911, and a capacitor ele 
ment 904. A TFT can be applied to the transistor. 
0179. In this equivalent circuit, a video signal is input 
from a signal line driver circuit to the signal line 912. The 
transistor 911 is able to control supply of the electric 
potential of the video signal to a gate of the transistor 611 in 
accordance with a selection signal which is input to the 
scanning line 910, and is referred to as a Switching transistor. 
The transistor 611 is able to control supply of current to the 
light emitting element 603 in accordance with the electric 
potential of the video signal, and is referred to as a driving 
transistor. The light emitting element goes into an emitting 
state or non-emitting state in accordance with Supplied 
current, which makes it possible to display images. The 
capacitor element 904 is able to hold voltage between the 
gate and source of the transistor 611. 
0180 FIG.9B is an equivalent circuit diagram of a pixel 
where a scanning line 919 and a transistor 918 are addition 
ally provided to the equivalent circuit diagram of the pixel 
shown in FIG. 9A. 

0181. The transistor 918 makes it possible to make the 
electric potentials of the gate and source of the transistor 611 
equal to each other so that a state where no current flows into 
the light emitting element 603 can be forcibly made, and is 
referred to as an erasing transistor. Therefore, in time 
gray-scale display, a video signal can be input before input 
ting video signals into all pixels, and the duty ratio can be 
thus made higher. 
0182 Alternatively, an element 938 which functions as a 
diode (diode element) may be provided instead of the 
erasing transistor 918 as shown in FIG. 9C. Then, a state 
where no current flows into the light emitting element 603 
can be forcibly made in the same manner as a case of using 
the erasing transistor 918. 
0183 As an operation method, the scanning line 910 is 
selected to make the transistor 911 an ON state, and a signal 
is input from the signal line 912 to the capacitor element 
904. Accordingly, current of the transistor 611 is controlled 
in accordance with the signal and current flows from the 
power supply line 915 to the light emitting element 603 to 
emit light. The Voltage for making current flow to the light 
emitting element 603 corresponds to a drive voltage. 
0184. In the case of erasing a signal, the scanning line 
919 is selected to make the diode element 938 be applied 
Voltage so that gate Voltage of the transistor 611 is made 
high. As a result, the driving transistor 611 is made to be an 
OFF state. Accordingly, current does not flow from the 
power supply line 915 to the light emitting element 603. 
Consequently, non-lighting period can be produced and the 
length of a lighting period can be freely controlled. Thus, the 
duty ratio can be made higher. 
0185. The diode element 938 is not limited and any 
elements with rectification can be used. The diode element 
may be a PN diode, a PIN diode, a Schottky diode, or a 
Zener diode, or a diode-junction (connection of a gate 
electrode and an electrode on higher electric potential side) 
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transistor may be used. In FIG. 9C, an N-type transistor of 
diode-junction (connection of a gate electrode and a drain 
electrode) is used as the diode element 938. However, the 
invention is not limited to this, and a P-type transistor may 
be used. In the case-of using the P-type transistor, the gate 
electrode and the source electrode are connected to each 
other. 

0186 FIG. 9D is an equivalent circuit diagram of a pixel 
where a transistor 925 and a wiring 926 are additionally 
provided to the equivalent circuit diagram of the pixel 
shown in FIG.9B. The gate of the transistor 925 has a fixed 
electric potential by the wiring 926. In addition, the tran 
sistors 611 and 925 are connected in series between the 
power supply line 915 and the light emitting element 603. 
Therefore, in FIG. 9D, the transistor 925 is able to control 
the value of current Supplied to the light emitting element 
603 whereas the transistor 611 is able to control whether or 
not the current is supplied to the light emitting element 603. 
0187. The equivalent circuits of the pixels shown in 
FIGS. 9A to 9D can be driven by a digital method. In the 
case of driving by a digital method, some variations in 
electrical characteristics of each driving transistor are neg 
ligible, if any, since the transistors are used as Switching 
elements. 

0188 An equivalent circuit of a pixel of a light emitting 
device according to the invention can be driven by either a 
digital method or an analog method. For example, an 
equivalent circuit of a pixel shown in FIG. 10 includes a 
signal line 912, a power supply line 915, and a scanning line 
910, a light emitting element 603, transistors 911, 920, and 
921, and a capacitor element 904. In FIG. 10, the transistors 
920 and 921 which are p-type transistors form a current 
mirror circuit. In this equivalent circuit of a pixel, in case of 
a digital method, a digital video signal is input from the 
signal line 912, and the value of current supplied to the light 
emitting element 603 is controlled in accordance with a time 
gray-scale. Alternatively, in case of an analog method, an 
analog video signal is input from the signal line 912, and the 
value of current supplied to the light emitting element 603 
is controlled in accordance with the value of the analog 
Video signal. In the case of driving the equivalent circuit by 
the analog method, lower power consumption can be 
achieved. 

0189 In each pixel described above, signals are input to 
the signal line 912, the power supply lines 915 and wiring 
926 from a signal line driver circuit. In addition, signals are 
input to the scanning lines 910 and 919 from a scanning line 
driver circuit. One or more signal line driver circuits and one 
or more scanning line driver circuits can be provided. For 
example, first and second scanning line driver circuits can be 
provided through a pixel portion. 
0190. In addition, in the pixel shown in FIG. 9A, a state 
where no current flows into the light emitting element 603 
can be forcibly made as described with reference to FIG.9B. 
For example, the transistor 911 is selected by a first scanning 
line driver circuit at the moment when the light emitting 
element 603 lights up, and a signal for forcibly applying no 
current into the light emitting element 603 is supplied to the 
scanning line 910 by a second scanning line driver circuit. 
The signal for forcibly applying no current (Write Erase 
Signal) is a signal for applying an electric potential so that 
first and second electrodes 101 and 102 of the light emitting 
element 603 have the same electric potential. In this way, a 
state where no current flows into the light emitting element 
603 can be forcibly made, and the duty ratio can be thus 
made higher. 
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0191 Although the capacitor element 904 is illustrated in 
FIGS. 9A to 9D and FIG. 10, it is not necessary that the 
capacitor element 904 be provided when the gate capaci 
tance of the transistor or another parasitic capacitance is 
enough. 
0192 As described above, various types of equivalent 
circuits of a pixel of a light emitting device according to the 
invention can be employed. 

Embodiment Mode 11 

0193 In this embodiment mode, a passive type light 
emitting device is explained, which is different from that in 
the above embodiment mode. 

0194 As shown in FIG. 19, a base insulating film 311 is 
provided over a substrate 600, and a first conductor 312 and 
a second conductor 313 to be an electrode are stacked. 
Current is supplied to a light emitting element 603 by 
controlling the electrode, and accordingly, display can be 
conducted. The light emitting element 603 is arranged in 
matrix and two-dimensionally, which is included in a screen 
which displays an image. 
0.195 A signal which controls an electrode is formed by 
an IC chip 323 which is connected through anisotropic 
conductive materials 324 and 325. In addition, an external 
signal or the like is input to the IC chip 323 through a 
flexible printed circuit 716 which is connected by an aniso 
tropic conductive material 715. 
0196) The sealing of the light emitting element 603 is 
conducted by a passivation film 713, a sealing medium 317, 
and an opposing substrate 610. The passivation film 713 is 
formed of an insulating film which is difficult to penetrate 
water vapor, Such as a silicon nitride film. The light trans 
mittance of the silicon nitride film is slightly lowered in a 
near-ultraviolet region; therefore, a silicon nitride oxide film 
added with oxygen may be used to improve the light 
transmittance. In addition, aluminum nitride or aluminum 
nitride oxide may be applied to the passivation film 713. The 
opposing substrate 610 may be formed from metal such as 
stainless Steel or aluminum, besides glass, plastic, or the 
like. In the case where light of the light emitting element 603 
is emitted from an opposing Substrate 610 side, glass or 
plastic which transmits light is preferably used for the 
opposing substrate 610. Acrylic, polyethylene terephthalate 
(PET), or the like can be used for plastic, and a plate-like or 
film-like plastic can be used. In the case where plastic is used 
for the opposing substrate 610, a gas barrier film which 
shields water vapor or the like or a hard coat film which 
increases the hardness of the surface may be provided. The 
sealing medium 317 provided between the opposing sub 
strate 610 and the passivation film 713 is formed from a 
resin material Such as an epoxy resin, a silicone resin, a 
phenol resin, or an urethane resin. The sealing medium 317 
fixes the opposing substrate 610 and the substrate 600 and 
keeps a fixed distance from the opposing substrate 610 to the 
substrate 600. For that purpose, a silica particle or the like 
which is to be a spacer may be included in the sealing 
medium 317. According to this structure, intrusion of mois 
ture or the like which causes deterioration of the light 
emitting element 603 can be prevented. 
0197) Further, the light emitting element 603 is a stacked 
layer type light emitting element; therefore, luminous effi 
ciency can be enhanced. Besides, a distance between a light 
emitting layer and a reflective electrode in each light emit 
ting element is approximately oddly multiplied 4 wave 
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length to enhance luminous output efficiency. Therefore, the 
amount of current which is applied can be kept low and the 
lifetime of the light emitting element can be improved. 
0198 The passive type light emitting device has a struc 
ture in which a semiconductor element is not provided at the 
intersecting portion of a scanning line and a signal line in a 
pixel portion; therefore, aperture ratio can be raised. 
0199. In addition, by providing color filters for the oppos 
ing substrate 610 or the like, full color display can be 
conducted. 

Embodiment Mode 12 

0200. In this embodiment mode, a television receiver to 
which a light emitting device according to the invention is 
applied is explained. 
0201 FIG. 11 shows a module in which a light emitting 
device according to the invention and a circuit board 802 are 
combined. The circuit board 802 is provided with, for 
example, a control circuit, a signal dividing circuit, and the 
like. The light emitting device is manufactured according to 
the above embodiment mode. 

0202 The light emitting devices includes a pixel portion 
720 in which a light emitting element is provided in each 
pixel, first and second scanning line driver circuits 721 and 
722, and a signal line driver circuit 723 supplying a video 
signal to a selected pixel. Further, a signal is sent from the 
circuit board 802 to the light emitting device through a 
flexible printed circuit 716. The circuit board 802 is pro 
vided with a control circuit 814, and a signal dividing circuit 
815. 

0203) A high precision television receiver with low 
power consumption can be completed by mounting the light 
emitting device according to the invention. 
0204 FIG. 12 is a block diagram showing a principal 
structure of the television receiver. As shown in FIG. 12, a 
configuration of an external circuit formed in the circuit 
board 802 includes a video signal amplifier circuit 812 
which amplifies a video signal among signals received in a 
tuner 811; a video signal processing circuit 813 which 
converts the signal output from the video signal amplifier 
circuit 812 into a color signal corresponding to each color of 
red, green, and blue; a control circuit 814 which converts the 
Video signal into input signal of a driver IC; and the like on 
an input side of a video signal. A signal is output from the 
control circuit 814 to the first and second scanning line 
driver circuits 721 and 722 and the signal line driver circuit 
723, respectively. In the case of conducting digital driving, 
a signal dividing circuit 815 is provided between the signal 
line driver circuit 723 and the control circuit 814 to have a 
structure in which an input digital signal is divided into m 
pieces and Supplied. 
0205 An audio signal among signals received by the 
tuner 811 is sent to an audio signal amplifier circuit 816 and 
the audio signal is Supplied to a speaker 818 through an 
audio signal processing circuit 817. A control circuit 819 
receives control information on Sound Volume and a receiv 
ing station (receiving frequency) from an input portion 820, 
and a signal is sent to the tuner 811 and the audio signal 
processing circuit 817. 
0206. As shown in FIG. 13, a television receiver can be 
completed by incorporating the light emitting device 
mounted with the external circuit into a chassis 831. A 
display screen 832 is formed by using the light emitting 
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device. In addition, as an accessory equipment, a speaker 
818, operation switches 834, and the like are appropriately 
provided. Thus, a television receiver can be completed by 
applying the invention. 
0207. The television receiver can display an image which 

is clear and Superior in image quality by including a light 
emitting device. 

Embodiment Mode 13 

0208 An electronic device which is provided with a light 
emitting device according to the present invention in a 
display portion includes: a television receiver, a camera Such 
as a digital camera or a digital video camera, a mobile phone 
set (simply referred to as a cellular phone set or a cellular 
phone), a portable information terminal Such as a PDA, a 
portable game machine, a monitor for a computer, a com 
puter, a sound reproducing device Such as a car audio set, an 
image reproducing device provided with a recording 
medium such as a home game machine, and the like. 
Specific examples thereof will be described with reference 
to FIGS. 14A to 14E. 

0209. A portable information terminal device shown in 
FIG. 14A includes a main body 9201, a display portion 
9202, and the like. The light emitting device according to the 
invention can be applied to the display portion 9202. 
Accordingly, it is possible to provide a portable information 
terminal device which can display an image which is clear 
and Superior in image quality and operates with low power 
consumption. 
0210 A digital video camera shown in FIG. 14B includes 
a display portion 9701, a display portion 9702, and the like. 
The light emitting device according to the invention can be 
applied to the display portion 9701. Accordingly, it is 
possible to provide a digital video camera which can display 
an image which is clear and Superior in image quality and 
operates with low power consumption. 
0211 A cellular phone shown in FIG. 14C includes a 
main body 9101, a display portion 9102, and the like. The 
light emitting device according to the invention can be 
applied to the display portion 9102. Accordingly, it is 
possible to provide a cellular phone which can display an 
image which is clear and Superior in image quality and 
operates with low power consumption. 
0212 A portable television bet shown in FIG. 14D 
includes a main body 9301, a display portion 9302, and the 
like. The light emitting device according to the invention can 
be applied to the display portion 9302. Accordingly, it is 
possible to provide a portable television set which can 
display an image which is clear and Superior in image 
quality and operates with low power consumption. Further, 
the light emitting device according to the invention can be 
applied to various types of portable television sets such as a 
Small-sized television incorporated in a portable terminal 
Such as a cellular phone or a medium-sized television which 
is portable. 
0213 A portable computer shown in FIG. 14E includes a 
main body 9401, a display portion 9402, and the like. The 
light emitting device according to the invention can be 
applied to the display portion 9402. Accordingly, it is 
possible to provide a portable computer which can display 
an image which is clear and Superior in image quality and 
operates with low power consumption. 
0214) The electronic device can display an image which 

is clear and Superior in image quality and operates with low 
power consumption by including a light emitting device. 
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Embodiment 1 

0215. In this embodiment, an element structure in which 
a light emitting unit which exhibits blue, a light emitting unit 
which exhibits green, and a light emitting unit which exhib 
its red are sequentially stacked from a first electrode 101 is 
explained. 

0216. An electrode having high reflectivity and compris 
ing aluminum is used for the first electrode 101, and an 
electrode having a high light-transmitting property and 
comprising indium tin oxide containing silicon oxide is used 
for a second electrode 102. 

0217. In the light emitting unit which exhibits blue, a first 
layer 11B is formed from indium tin oxide containing silicon 
oxide; a second layer 112B is formed of a layer in which an 
evaporated layer of C-NPD, an evaporated layer of 
t-Bu)NA, and an evaporated layer of Alq are sequentially 
stacked; and a third layer 113B is formed of a co-evaporated 
layer of BZOs and Li are used. In the light emitting unit 
which exhibits green, a first layer 111G is formed of a layer 
in which C.-NPD and a molybdenum oxide are mixed (also 
referred to as a co-evaporated layer since the layer is formed 
by a co-evaporation method); a second layer 112G is formed 
of a layer in which an evaporated layer of C-NPD, a 
co-evaporated layer of Alq and coumarin 6, and an evapo 
rated layer of Alq are sequentially stacked; and a third layer 
113G is formed of a co-evaporated layer of BZOs and Li are 
used. The mass ratio of Alq:coumarin 6 is set So as to be 
1:OOO5. 

0218. In the light emitting unit which exhibits red, a first 
layer 111R is formed of a layer in which C-NPD and a 
molybdenum oxide are mixed using Cl-NPD as an organic 
compound (also referred to as a co-evaporated layer since 
the layer is formed by a co-evaporation method); a second 
layer 112R is formed of a layer in which an evaporated layer 
of C-NPD and a co-evaporated layer of Alq, rubrene, and 
DCJTI are sequentially stacked; and a third layer 113R is 
formed of a co-evaporated layer of BZOs and Li are used. 
The mass ratio of Alq:rubrene.:DCJTI is set so as to be 
1:1:0.02. Further, the mass ratio of BZOs: Li used for the 
third layer 113 of each light emitting element is set so as to 
be 1:0.01. Furthermore, the mass ratio of a molybdenum 
oxide:O-NPD used for the first layer 111 is set so as to be 
1:0.25. 

0219. As described above, indium tin oxide containing 
silicon oxide can be applied to the first layer 111B for 
controlling a distance from a light emitting layer to the first 
electrode 101. In that case, a layer formed from a material 
which is Superior in a hole injecting property Such as 
DNTPD may be provided between the first layer 111B 
formed from indium tin oxide containing silicon oxide and 
the second layer 112B. 
0220. One feature of a light emitting element according 
to the embodiment is that, in a light emitting unit which 
exhibits green and a light emitting unit which exhibits red, 
a layer in which an organic compound typified by C.-NPD 
and a molybdenum oxide are mixed is used for a layer for 
controlling a distance from a light emitting layer to a first 
electrode 101. It has been revealed that a drive voltage does 
not rise even if the layer in which a molybdenum oxide and 
an organic compound are mixed is thickened. Therefore, the 
layer in which a molybdenum oxide and an organic com 
pound are mixed is preferably used in a light emitting 
element with light emitting units each exhibit green and red 
are stacked in order to control the distance from each light 
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emitting layer (a layer formed from t-Bul NA, a layer 
formed from Alq and coumarin 6, and a layer formed from 
Ald, rubrene, or DCJTI) to the first electrode 101 formed 
from aluminum since the film thickness can be large without 
increasing driving Voltage. 

Embodiment 2 

0221) An element structure is explained in this embodi 
ment, in which a mixed layer of A-NPD and a molybdenum 
oxide is used for a first layer 111B for controlling a distance 
from a light emitting layer to a first electrode 101 instead of 
indium tin oxide containing silicon oxide and a light emit 
ting unit which exhibits blue, a light emitting unit which 
exhibits green, and a light emitting unit which exhibits red 
are sequentially stacked from a first electrode 101 using the 
same material as in the above embodiment. 

0222 One feature of a light emitting element according 
to this embodiment is that a mixed layer of an organic 
compound typified by C-NPD and a molybdenum oxide is 
used for a layer for controlling the distance from the light 
emitting layer to the first electrode 101. It has been revealed 
that drive voltage does not rise even if the mixed layer of a 
molybdenum oxide and an organic compound is thickened. 
Therefore, the layer in which a molybdenum oxide and an 
organic compound are mixed is preferably used in all light 
emitting elements in which light emitting units are stacked 
in order to control the distance from each light emitting layer 
(a layer comprising t-Bu)NA, a layer comprising Alq and 
coumarin 6, and a layer comprising Alq, rubrene, and 
DCJTI) to the first electrode 101 formed from aluminum 
since of a film thickness can be large. 

Embodiment 3 

0223) In this embodiment, luminance is compared using 
a stacked layer type light emitting element and a single-layer 
type light emitting element according to the present inven 
tion by simulation. The stacked layer type light emitting 
element has a structure in which light emitting units 100a 
and 100b which exhibit green are stacked between a first 
electrode 101 and a second electrode 102 as shown in FIG. 
18A.. Each of the light emitting elements 100a and 100b 
which exhibit green has first layers 111a and 111b, second 
layers 112a and 112b, and third layers 113a and 113b, the 
first to third layers are formed from the same materials as in 
the above Embodiment 1, the first layer 111a is formed of a 
layer having indium tin oxide containing silicon oxide, and 
the first layer 111b is formed of a mixed layer of O-NPD and 
a molybdenum oxide. The first electrode 101 is formed from 
aluminum and the second electrode 102 is formed from 
indium tin oxide containing silicon oxide. Simulation is 
conducted under the following condition: the first electrode 
101 is formed in 100 nm thick; the first layer 111a formed 
from indium tin oxide containing silicon oxide, in 40 nm 
thick; an evaporated layer of C.-NPD, in 10 nm thick; a 
co-evaporated layer of Alq and coumarin 6, in 40 nm thick; 
an evaporated layer of Alq, in 20 nm thick, to form second 
layers 112a and 112b each formed of the three layers; a 
co-evaporated layer of BZOs and Li, in 20 nm thick, to form 
third layers 113a and 113b, the first layer 111b in which 
O-NPD and a molybdenum oxide are mixed, in 30 nm thick; 
and the second electrode 102, in 110 nm thick. 
0224. The single-layer type light emitting element has a 
structure including a light emitting unit 100a which exhibits 
green between a first electrode 101 and a second electrode 
102 as shown in FIG. 18B. The light emitting unit 100a 
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which exhibits green has a first layer 111a, a second layer 
112a, and a third layer 113a, the first to third layers are 
formed from the same materials as these of the elements 
shown in FIG. 18A, and the first layer 111a is formed of a 
layer having indium tin oxide containing silicon oxide. 
0225 FIG. 16 is a graph of luminance with respect to a 
wavelength (nm) in the light emitting element shown in 
FIGS. 18A and 18B. An element A is a single-layer type light 
emitting element which is the light emitting element shown 
in FIG. 18B, in which the distance from the first electrode 
101 to the light emitting layer is not approximately oddly 
multiplied 4 wavelength by controlling a thickness of the 
first layer 111. An element B is a top side light emitting 
element of a stacked layer type light emitting element which 
is the light emitting element shown in FIG. 18A, in which 
the distance from the first electrode 101 to the light emitting 
layer is approximately oddly multiplied 4 wavelength by 
controlling a thickness of the first layer 111. An element C 
is a bottom side light emitting element of a stacked layer 
type light emitting element which is the light emitting 
element shown in FIG. 18A, in which the distance from the 
first electrode 101 to the light emitting layer is approxi 
mately oddly multiplied /4 wavelength by controlling a 
thickness of the first layer 111. An element D means a result 
of combining the luminance of the element B and the 
element C. 

0226 By comparing the element A with the element B or 
element C in FIG. 16, it is revealed that luminance is 
increased in the case where the distances from the first 
electrode 101 to the light emitting layers are approximately 
oddly multiplied 4 wavelength by controlling a thickness of 
the first layer 111a having indium tin oxide containing 
silicon oxide and by the first layer 111B in which C-NPD and 
a molybdenum oxide are mixed in the stacked layer type 
light emitting element. 
0227 FIG. 17 is a graph of luminance with respect to a 
wavelength (nm), which is a result of conducting simulation 
using a mixed layer of C.-NPD and a molybdenum oxide as 
the first layer 111a shown in FIGS. 18A and 18B. In other 
words, the conditions of the elements A to D are different 
from a case of FIG. 16 in terms of having the first layer 111a 
formed of a mixed layer of O-NPD and a molybdenum 
oxide. The first layer 111a formed of a mixed layer of 
O-NPD and a molybdenum oxide in the element Ahas a film 
thickness of 35 nm. 

0228 By comparing the element A with the element B or 
element C in FIG. 17, it is revealed that luminance is 
increased in the case where the distance from the first 
electrode 101 to the light emitting layer is approximately 
oddly multiplied 4 wavelength by controlling a thickness of 
the first layers 111a and 111b in which C-NPD and a 
molybdenum oxide are mixed. 
0229. Further, by comparing FIG. 17 with FIG. 16, it is 
revealed that the light emitting element using the first layer 
111a formed of a mixed layer of O-NPD and a molybdenum 
oxide has higher emission luminance. Furthermore, it is 
revealed that the first layer 111a in which C-NPD and a 
molybdenum oxide are mixed is preferable since the first 
layer 111a has higher conductivity than that of a layer having 
only C.-NPD and drive voltage does not rise even if a film is 
thickened. 

0230. This application is based on Japanese Patent Appli 
cation serial No. 2005-013688 field in Japan Patent Office on 
Jan. 21st, 2005, the contents of which are hereby incorpo 
rated by reference. 
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1. A light emitting device comprising: 
a plurality of light emitting layers which are stacked 

between a first electrode and a second electrode; and 
a layer comprising an organic compound and a metal 

oxide between one of the plurality of light emitting 
layers and the first electrode, 

wherein at least one distance from one of the plurality of 
light emitting layers to the first electrode is in a range 
of oddly multiplied 4 wavelength +10%. 

2. A light emitting device comprising: 
a plurality of light emitting layers each emitting a color 

different from each other which are stacked between a 
first electrode and a second electrode; and 

a layer comprising an organic compound and a metal 
oxide between one of the plurality of light emitting 
layers and the first electrode, 

wherein at least one distance from one of the plurality of 
light emitting layers to the first electrode is in a range 
of oddly multiplied 4 wavelength +10%. 

3. A light emitting device comprising: 
a plurality of light emitting layers emitting a color which 

are stacked between a first electrode and a second 
electrode; and 

a layer comprising an organic compound and a metal 
oxide between one of the plurality of light emitting 
layers and the first electrode, 

wherein at least one distance from one of the plurality of 
light emitting layers to the first electrode is in a range 
of oddly multiplied 4 wavelength +10%. 

4. A light emitting device comprising: 
a stacked layer type light emitting element in which a 

plurality of light emitting layers are stacked between a 
first electrode and a second electrode; and 

a single-layer type light emitting element having one light 
emitting layer between a third electrode and a fourth 
electrode, 
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wherein at least one distance from one of the plurality of 
light emitting layers to the first electrode is in a range 
of oddly multiplied /4 wavelength +10%. 

5. A light emitting device comprising: 
a stacked layer type light emitting element in which a 

plurality of light emitting layers emitting a color are 
stacked between a first electrode and a second elec 
trode; and 

a single-layer type light emitting element having one light 
emitting layer between a third electrode and a fourth 
electrode, 

wherein at least one distance from one of the plurality of 
light emitting layers to the first electrode is in a range 
of oddly multiplied 1/4 wavelength +10%. 

6. The light emitting device according to claims 4 or 5. 
wherein a distance from the light emitting layer to the 

third electrode is in a range of oddly multiplied 4 
wavelength +10%. 

7. The light emitting device according to any one of 
claims 1 to 5, 

wherein the metal oxide is a vanadium oxide, a molyb 
denum oxide, a niobium oxide, a rhenium oxide, a 
tungsten oxide, a ruthenium oxide, a titanium oxide, a 
chromium oxide, a Zirconium oxide, a hafnium oxide, 
or a tantalum oxide. 

8. The light emitting device according to any one of 
claims 1 to 5, 

wherein the organic compound is a hole transporting 
material. 

9. The light emitting device according to any one of 
claims 1 to 5, 

wherein the metal oxide exhibits an electron accepting 
property to the organic compound. 

10. The light emitting device according to any one of 
claims 1 to 5, 

wherein each of the plurality of light emitting layers 
exhibits red, blue or green. 

k k k k k 


