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ELECTRODE DEVICE FOR ORGANIC 
DEVICE AND ELECTRONIC DEVICE 

HAVING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 10/919,333, filed Aug. 17, 2004, now allowed, 
which claims the benefit of a foreign priority application filed 
in Japan as Serial No. 2003-299441 on Aug. 25, 2003 both of 
which are incorporated by reference. 

TECHNICAL FIELD 

0002 The present invention relates to an electrode for an 
organic device used for an organic device such as an EL 
element, FET, which use the properties of an organic com 
pound; and to an electronic device having the electrode for the 
organic device. 

BACKGROUND ART 

0003. As an organic device, an EL element is widely 
known. The EL element has an organic compound as a light 
emitting layer, and current is applied to the light emitting 
layer by applying Voltage by a pair of electrodes provided so 
as to sandwich the light emitting layer, and photons in accor 
dance with the current density are released; thus, the EL 
element serves as a light source. In applying Voltage to the 
light emitting layer in an EL element, an alloy of Mg (mag 
nesium) and Ag (silver) or an alloy of Li (lithium) and Al 
(aluminum), each of the elements has low work function, has 
been used for a metal electrode of a cathode side in order to 
lower the electron injection barrier against an organic com 
pound which is regarded as an insulator, and to improve the 
adhesion with a surface of the light emitting layer. 
0004 As to the alloy electrode of Mg or Li, element dete 
rioration due to oxidation of the electrode or the like is caused, 
and moreover, there are various limitations. Correspondingly, 
reviewing a metal electrode itself, proposed is an organic 
element in which a metal doping layer is formed by doping a 
metal having a work function of 4.2 eV or less on a Surface 
of the light emitting layer in contact with a cathode electrode: 
thus, a layer having an electron Supplying properties is pro 
vided on the cathode side as a hole injection layer is provided 
on the cathode side of the light emitting layer (see Patent 
document 1). 
Patent document 1 Japanese Patent Laid-Open No. 
10-27.0171 

0005. In a technique disclosed in the above Patent docu 
ment 1, the electron injection barrier for the light emitting 
layer from the cathode side can be lowered by providing the 
metal doping layer; however, a selection of the materials is 
limited so that the adhesion between the metal doping layer 
and the metal electrode is secured; further, the kind of metal 
is also limited. 

0006. In addition, a multiphoton emission (MPE) element 
having a structure in which a plurality of light emitting layers 
are connected in sequence is also proposed lately. In order to 
realize this MPE element, an internal electrode provided 
between light emitting layers adjacent to each other need to 
have a function of injecting electrons into one of the light 
emitting layers and injecting holes into the other light emit 
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ting layer. Therefore, the technique disclosed in the above 
Patent document 1 cannot be applied to the internal electrode 
for an MPE element. 

DISCLOSURE OF THE INVENTION 

Problem to be Solved by the Invention 
0007. It is an object of the invention to provide an elec 
trode for an organic device which can be widely used for 
organic devices by combining the hole injection function and 
the electron injection function. 

Means to Solve the Problem 

0008. In order to solve the problem, an electrode for an 
organic device according to a first invention which is provided 
in contact with an organic layer (a layer containing an organic 
compound) of an organic device which is a functional ele 
ment using the properties of the organic compound is char 
acterized by having a work function of 4.2 eV or less and a 
metal having a work function of more than 4.2 eV are mixed 
with one kind of organic compound at least at a junction 
surface with the organic layer. As thus formed, the electrode 
material in which a metal having a work function of 4.2 eV 
or less and a metal having a work function of more than 4.2 
eV are mixed with the one kind of organic compound is used 
for at least a portion in contact with the organic layer of an 
organic device, and an electron injection function derived 
from the metal having a work function of 4.2 eV or less or a 
hole injection function derived from the metal having a work 
function of more than 4.2 eV is performed in accordance 
with the polarity of Voltage applied to the organic layer. 
Therefore, the electrode can be used as an electrode of either 
an anode or a cathode of an organic device and moreover used 
for an organic device which respectively requires an electron 
injection function for one organic layer and a hole injection 
function for the other organic layer as an internal electrode of 
an MPE element. Further, since one kind of organic com 
pound is used for the electrode material, the adhesion with an 
organic layer of the organic device is also improved. 
0009. In order to solve the problem, an electrode for an 
organic device according to a second invention which is pro 
vided between a first organic layer (a first layer containing an 
organic compound) and a second organic layer (a second 
layer containing an organic compound) of an organic device 
which is a functional element using the properties of the 
organic compound is characterized by having a first region in 
which a metal having a work function of 4.2 eV or less is 
mixed with one kind of organic compound and a second 
region in which a metal having a work function of more than 
4.2 eV is mixed with the one kind of organic compound, 
wherein the first region and the second region are respectively 
in contact with the first organic layer and the second organic 
layer. As thus formed, the electrode is to be specialized as an 
internal electrode provided between the first organic layer and 
the second organic layer. Accordingly, electrons can be 
injected into the first organic layer with the first region in 
which a metal having a work function of 4.2 eV or less is 
mixed with one kind of organic compound, and holes can be 
injected into the second organic layer with the second region 
in which a metal having a work function of more than 4.2 eV 
is mixed with the one kind of organic compound; thus, the 
electrode can be used as an internal electrode in which current 
can seemingly flow from the first region to the second region. 
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0010 Further, as to the electrode for an organic device 
according to the first invention or the second invention, a 
TL-conjugated organic compound and furthera bipolar organic 
compound may be used for the one kind of organic com 
pound. When a t-conjugated organic compound is used as 
one kind of organic compound, charge exchange between the 
organic compound and the mixed metal is easily caused; thus, 
injection property of the carriers in the electrode for an 
organic device is improved. When the bipolar organic com 
pound is used, it is advantageous in carrier movements of both 
holes and electrons, which contributes to improvements in the 
drive voltage of the device or the like. 
0011. In order to solve the problem, an electrode for an 
organic device according to a third invention which is pro 
vided between a first organic layer and a second organic layer 
of an organic device which is a functional element using the 
properties of the organic compound is characterized by hav 
ing an electron injection electrode layer in which a metal 
having a work function of 4.2 eV or less is mixed with a first 
organic compound and a hole injection electrode layer in 
which a metal having a work function of more than 4.2 eV 
is mixed with a second organic compound which is different 
from the first organic compound, wherein the electron injec 
tion electrode layer and the hole injection electrode layer are 
respectively in contact with the first organic layer and the 
second organic layer. As thus formed, the electrode is to be 
specialized as an internal electrode provided between the first 
organic layer and the second organic layer. Accordingly, elec 
trons can be injected into the first organic layer with the 
electron injection electrode layer in which a metal having a 
work function of 4.2 eV or less is mixed with the first 
organic compound, and holes can be injected into the second 
organic layer with the hole injection electrode layer in which 
a metal having a work function of more than 4.2 eV is mixed 
with the second organic compound which is different from 
the first organic compound; thus, the electrode can be used as 
an internal electrode by which current can seemingly flow 
from the first organic layer to the second organic layer. 
0012. Further, as to the electrode for an organic device 
according the third invention, an organic compound with high 
electron injection properties can be used for the first organic 
compound of the electron injection electrode layer and an 
organic compound with high hole injection properties can be 
used for the second organic compound of the hole injection 
electrode layer. Thus, each of electrons in the electron injec 
tion electrode layer and holes in the hole injection electrode 
layer can move more easily, which contributes to improve 
ments in the drive voltage of the device or the like. 
0013. In addition, an electrode for an organic device 
according to any one of the first through third inventions may 
be included in an electronic device. As the electronic device, 
a cellular phone, a personal computer, a monitor, a video 
camera, a digital camera, a goggle type display, a navigation 
system, audio components, a car audio system, game 
machine, a mobile computer, a portable game machine, an 
electronic book, and an image reproducing device equipped 
with a recording medium are given. 

Effects of the Invention 

0014. The electrode for an organic device according to the 
first invention formed as above uses the electrode material in 
which a metal having a work function of 4.2 eV or less and 
a metal having a work function of more than 4.2 eV are 
mixed with the one kind of organic compound is used for at 
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least a portion in contact with the organic layer of an organic 
device, and an electron injection function derived from the 
metal having a work function of 4.2 eV or less or a hole 
injection function derived from the metal having a work func 
tion of more than 4.2 eV is performed in accordance with the 
polarity of voltage applied to the organic layer. Therefore, the 
electrode can be used as an electrode of either an anode or a 
cathode of an organic device and moreover used for an 
organic device which respectively requires an electron injec 
tion function for one organic layer and a hole injection func 
tion for the other organic layer as an internal electrode of an 
MPE element. Further, since one kind of organic compound is 
used for the electrode material, the adhesion with an organic 
layer of the organic device is also improved. 
0015 The electrode for an organic device according to the 
second invention is specialized as an internal electrode pro 
vided between the first organic layer and the second organic 
layer. Accordingly, electrons can be injected into the first 
organic layer with the first region in which a metal having a 
work function of 4.2 eV or less is mixed with one kind of 
organic compound, and holes can be injected into the second 
organic layer with the second region in which a metal having 
a work function of more than 4.2 eV is mixed with the one 
kind of organic compound; thus, the electrode can be used as 
an internal electrode in which current can seemingly flow 
from the first region to the second region. 
0016. The electrode for an organic device according to the 
third invention is specialized as an internal electrode provided 
between the first organic layer and the second organic layer. 
Accordingly, electrons can be injected into the first organic 
layer with the electron injection electrode layer in which a 
metal having a work function of 4.2 eV or less is mixed with 
the first organic compound, and holes can be injected into the 
second organic layer with the hole injection electrode layer in 
which a metal having a work function of more than 4.2 eV 
is mixed with the second organic compound which is differ 
ent from the first organic compound; thus, the electrode can 
be used as an internal electrode by which current can seem 
ingly flow from the first organic layer to the second organic 
layer. 
0017. Further, an electronic device including an electrode 
for an organic device according to any one of the first through 
third inventions having the above characteristics. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0018. Next, embodiment modes of an electrode for an 
organic device according to the present invention will be 
described in details referring to the attached drawings. 

Embodiment Mode 1 

0019. Shown in FIG. 1 is an electrode for an organic device 
according to Embodiment Mode 1. For example, an electrode 
structure in FIG. 1(a) is that a metal electrode 101 is formed 
over an organic layer 100 of the organic device with a carrier 
injection electrode layer 110 interposed therebetween. As to 
the carrier injection electrode layer 110, an electrode material 
in which a metal for electron injection 112 (a metal having a 
work function of 4.2 eV or less) and a metal for hole injec 
tion 113 (a metal having a work function of more than 4.2 
eV) are mixed with one kind of organic compound 111 is 
layered. 
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0020. The thus formed electrode for an organic device 
uses the carrier injection electrode layer 110 to be joined to 
the organic layer 100. Accordingly, an electron injection 
function derived from the metal for electron injection 112 or 
a hole injection function derived from the metal for hole 
injection 113 is performed in accordance with the polarity of 
the Voltage applied to the organic layer 100. Consequently, 
the electrode can be used as an electrode of eitheran anode or 
a cathode of an organic device. In addition, there are advan 
tages that the carrier injection electrode layer 110 has good 
adhesion with the organic layer 100 and the metal electrode 
101 respectively. Note that the carrier injection electrode 
layer 110 solely may be made to serve as an electrode for an 
organic device instead of employing an electrode structure in 
which the metal electrode 101 is separately provided over the 
carrier injection electrode layer 110. However, it is more 
economical to form an electrode for contact (here, the metal 
electrode 101) with a metal such as Al which is inexpensive 
by making thinner the carrier injection electrode layer 110 
containing an organic compound which is comparatively 
expensive. 
0021. The electrode structure of FIG. 1(b) is that a carrier 
injection electrode layer 110 is provided between a first 
organic layer 100a and a second organic layer 100b. In this 
example, the carrier injection electrode layer 110 serves as an 
internal electrode. As to the thus formed electrode for an 
organic device, Voltage is applied from the side of the first 
organic layer 100a to the side of the second organic layer 
100b, electrons are supplied from the carrier injection elec 
trode layer 110 to the first organic layer 100a, and holes are 
supplied from the carrier injection electrode layer 110 to the 
second organic layer 100b, accordingly current flows from 
the first organic layer 100a to the second organic layer 100b. 
More specifically, the electrode for an organic device includ 
ing the carrier injection electrode 110 can perform an electron 
injection function for one organic layer (first organic layer) 
and has a hole injection function for the other organic layer 
(second organic layer). Thus, such an electrode can be used as 
an internal electrode of an MPE element or an organic field 
effect transistor, and further expected to be widely used for a 
variety of organic devices to be developed in the future. 
0022. As a metal whose work function is 4.2 eV or less, 
which is used as the metal for electron injection 112 in the 
carrier injection electrode layer 110, an alkali metal such as 
lithium or cesium; an alkaline earth metal such as magne 
sium, calcium, or barium; a rare earth metal Such as erbium or 
ytterbium; or an alloy containing these metal (aluminum 
alloy, indium alloy) can be given. Meanwhile, as a metal 
whose work function is more than 4.2 eV), which is used for 
the metal for hole injection 113 in the carrier injection layer 
110, most of transition metals except for rare earth metals and 
an alloy thereof can be used, and gold, silver, copper, Zinc, 
iron, cobalt, nickel, and the like are preferable. 
0023. Further, an organic compound 111 in the carrier 
injection electrode 110 is desirably a U-conjugated metal 
since the organic compound itself is required to have hole or 
electron transport properties and to exchange charges with a 
metal. As a-It conjugated organic compound, for example, a 
low molecular weight compound Such as 4,4'-bis N-(3-me 
thylphenyl)-N phenyl-amino-biphenyl (abbreviation: TPD), 
4,4'-bis N-(1-naphthyl)-N-phenyl-aminol-biphenyl (abbre 
viation: C-NPD), 4,4',4'-tris (N,N-diphenyl-amino)-triph 
enylamine (abbreviation: TDATA); and 4,4',4'-tris N-(3-me 
thylphenyl)-N-phenyl-amino-triphenylamine (abbreviation: 
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MTDATA), 2.5-bis (1-naphtyl)-1,3,4-oxadiazole (abbrevia 
tion: BND), 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4- 
oxadiazole (abbreviation: PBD), 1,3-bis 5-(p-tert-butylphe 
nyl)-1,3,4-oxadiazole-2-yl)benzene (abbreviation: OXD-7), 
3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenylyl)-1,2,4-tria 
Zole (abbreviation: TAZ), bathophenanthroline (abbrevia 
tion: BPhen), bathocuproin (abbreviation: BCP), 2.2.2"-(1, 
3,5-benzenetriyl)-tris 1-phenyl-1H-benzimidazole 
(abbreviation: TPBI), tris (8-quinolinolate) aluminum 
(abbreviation: Alq), bis (10-hydroxy-benzoh-quinolinate) 
beryllium (abbreviation: BeBq), bis (2-methyl-8-quinolino 
late)-4-phenylphenolato-aluminum (abbreviation: BAlq), bis 
2-(2-hydroxyphenyl) -benzoxazolate zinc (abbreviation: 
Zn (Box)), 4,4'-bis (N-carbazole) biphenyl (abbreviation: 
CBP), and 9,10-bis (2-naphthyl) anthracene (abbreviation: 
B-DNA); or a high molecular weight organic compound Such 
as poly (vinyltriphenylamine) (abbreviation: PVT), poly (N 
-vinylcarbazole (abbreviation: PVK), poly (2,5-dialkoxy-1. 
4-phenylenevinylene) (abbreviation: RO-PPV), poly (2,5-di 
alkoxy-1,4-phenylene) (abbreviation: RO-PPP), poly (9.9- 
dialkylfluorene) (abbreviation: PDAF), or poly 3-alkylth 
iophene (abbreviation: PAT) is given. Note that in 
consideration of flowing both electrons injected from the 
metal for electron injection 112 and holes injected from the 
metal for hole injection 113, it is further preferable that the 
organic layer 100 of the organic device is bipolar. 
0024. The formation method of the electrode for an 
organic device according to this embodiment, especially, the 
carrier injection electrode layer 110 is not limited in particu 
lar, and various known methods can be employed. For 
example, in the case of using a three source evaporation 
method, an organic compound to be the organic compound 
111, a metal to be the metal for electron injection 112, and a 
metal to be the metal for hole injection 113 are respectively 
set in respective boats in one chamber, and each boat is heated 
in vacuum for the deposition on the surface where the carrier 
injection electrode layer is formed. Thus, the carrier injection 
electrode layer 110 in which all of those (an organic com 
pound, a metal having a work function of 4.2 eV or less, a 
metal having a work function of more than 4.2 eV) are 
mixed can be formed. On this occasion, as the ratio of metal 
and the organic compound, metal/organic compound is pref 
erably 1/10 or more and 50/1 or less. In the case where the 
ratio of the metal is too low, the function as an electrode is 
lost. Further, in the case of the ratio of the metal is too high, 
the adhesion with the organic layer of an organic device is 
affected. As to the ratio of the metal for electron injection 112 
and the metal for the hole injection 113, a molar ratio of 1/10 
or more and 10/1 or less is preferable in order to balance the 
electron injection and the hole injection. 

Embodiment Mode 2 

0025. Next, Embodiment Mode 2 of an electrode for an 
organic device according to the invention will be described 
referring to FIG. 2. The structure of the electrode for an 
organic device according to Embodiment Mode 2 is that an 
electrode layer 120 is provided between a first organic layer 
100a and a second organic layer 100b. The electrode layer 
120 is formed as follows: an electron injection region 120a 
containing a metal for electron injection 122 (having a work 
function of 4.2 eV or less) is formed on the side of one kind 
of organic compound 121 in contact with the first organic 
layer 100a, and a hole injection region 120b containing a 
metal for hole injection 123 (having a work function of more 
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than to 4.2 eV) is formed on the side of the one kind of 
organic compound 121 in contact with the second organic 
layer 100b. 
0026. As to the thus formed electrode for an organic 
device, when voltage is applied from the side of the first 
organic layer 100a to the side of the second organic layer 
100b, electrons are supplied from the electron injection 
region 120a (first region) of the electrode layer 120 to the first 
organic layer 100a, meanwhile, holes are supplied from the 
hole injection region 120b (second region) to the second 
organic layer 100b. Thus, current flows from the first organic 
layer 100a to the second organic layer 100b. Accordingly, the 
electrode for an organic device formed from the electrode 
layer 120 can perform an electron injection function for one 
organic layer and an electron injection function for the other 
organic layer; thus, the electrode for an organic device can be 
used for an MPE element or as an internal electrode of an 
organic field effect transistor, and wide application to various 
organic devices to be developed in the future can be expected. 
0027. The formation method of the electrode layer 120 
which is an electrode for an organic device according to 
Embodiment Mode 2 is not limited in particular, and various 
known methods can be used. For example, in the case of 
performing a two source evaporation method twice, an 
organic compound to be the organic compound 121, a metal 
to be the metal for electron injection 122 (a metal having a 
work function of 4.2 eV or less), and a metal to be the metal 
for hole injection 123 (a metal having a work function of more 
than 4.2 eV) are respectively set in respective boats in one 
chamber. First, the organic compound and the metal having a 
work function of 4.2 eV or less are co-deposited in vacuum: 
thus, a layer to be the electron injection region 120a is 
formed. Then, the organic compound and the metal having a 
work function of more than 4.2 eV are co-deposited; thus, a 
layer to be the hole injection region 120b is formed. Conse 
quently, regions respectively having different functions (the 
electron injection region 120a and the hole injection region 
120b) can be selectively formed in the one kind of organic 
compound 121. 
0028 Note that, as the organic compound in the electrode 
layer 120, an organic compound which is similar to the 
organic compound 111 in the above Embodiment Mode 1 can 
be used. As the metal for electron injection 122 in the electron 
injection region 120a of the electrode layer 120, a metal 
which is similar to the metal for electron injection 112 in the 
above Embodiment Mode 1 can be used. As the metal for hole 
injection 123 in the hole injection region 120b of the electrode 
layer 120, a metal which is similar to the metal for hole 
injection 113 in the above Embodiment Mode 1 can be used. 
Further, as the ratio of the organic compound and the metal in 
the electron injection region and the hole injection region, it is 
preferable that metal/organic compound (molar ratio) is 1/10 
or more and 50/1 or less. 

Embodiment Mode 3 

0029. Next, Embodiment Mode 3 of an electrode for an 
organic device according to the invention will be described 
referring to FIG. 3. The structure of electrode for an organic 
device according to Embodiment Mode 3 is that a laminated 
electrode 130 is provided between a first organic layer 100a 
and a second organic layer 100b. The laminated electrode 130 
is formed as follows: an electron injection electrode layer 
130a in which a metal for electron injection 132 (a metal 
having a work function of 4.2 eV or less) is mixed with an 
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organic compound for electron transport 131a is laminated on 
the side of the first organic layer 100a, and a hole injection 
electrode layer 130b in which a metal for hole injection 133 (a 
metal having a work function of more than 4.2 eV) is mixed 
with an organic compound for hole transport 131b is lami 
nated on the side of the second organic layer 100b. 
0030. As to the thus formed electrode for an organic 
device, when voltage is applied from the side of the first 
organic layer 100a to the side of the second organic layer 
100b, electrons are supplied from the electron injection elec 
trode layer 130a of the laminated electrode layer 130 to the 
first organic layer 100a, meanwhile, holes are supplied from 
the hole injection electrode layer 130b to the second organic 
layer 100b, thus, seemingly, current flows from the first 
organic layer 100a to the second organic layer 100b. Accord 
ingly, the laminated electrode 130 used as the electrode for an 
organic device can perform an electron injection function for 
one organic layer (first organic layer) and a hole injection 
function for the other organic layer (second organic layer); 
thus, the electrode for an organic device can be used for an 
MPE element or as an internal electrode of an organic field 
effect transistor, and wide application to various organic 
devices to be developed in the future can be expected. 
0031. In addition, as to an electrode for an organic device 
according to the embodiment mode, an organic compound 
with high electron transport properties can be used as the 
organic compound for electron transport 130a (first organic 
compound) of the electron injection electrode layer 130a, and 
an organic compound with high hole transport properties can 
be used as the organic compound for hole transport 131b 
(second organic compound) of the hole injection electrode 
layer 130b. Accordingly, unlike in the above Embodiment 
Modes 1 and 2, there is an advantage that a bipolar organic 
compound for flowing both electrons injected with the metal 
for electron injection and holes injected with the metal for 
hole injection is not necessary. 
0032. The formation method of the laminated electrode 
130, that is an electrode for an organic device according to 
Embodiment Mode 3, is not limited in particular, and various 
known methods can be used. For example, in the case of using 
a formation method in which two-source evaporation is per 
formed twice, an organic compound A to be the organic 
compound for electron transport 131a, an organic compound 
B to be the organic compound for hole transport 131b, a metal 
to be the metal for electron injection 122 (a metal having a 
work function of 4.2 eV or less), and a metal to be the metal 
for hole injection 123 (having a work function of more than 
4.2 eV) are respectively set in respective boats in one cham 
ber. First, the organic compound A and the metal having a 
work function of 4.2 eV or less are co-deposited to form the 
electron injection electrode layer 130a, and then, the organic 
compound B and the metal having a work function of more 
than 4.2 eV) are co-deposited to form the hoe injection 
electrode layer 130b, thus, the laminated electrode can be 
formed. 
0033. In addition, as the organic compound with high elec 
tron transport properties which is preferable as the organic 
compound for electron transport 131a in the electron injec 
tion electrode layer 130a, BND, PBD, OXD-7, TAZ, BPhen, 
BCP. TPBI, Alq, BeBq. BAlq, Zn (BOX), and the like are 
given. As the organic compound with high hole transport 
properties which is preferable as the organic compound for 
hole transport 131b in the hole injection electrode layer 130b, 
TPD, C-NPD, TDATA, MTDATA, PVT. PVK, and the like 
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are given. Further, as the metal for electron injection 112 in 
the electron injection electrode layer 130a of the laminated 
electrode 130, a metal which is similar to the metal for hole 
injection 133 in the above Embodiment Mode 1 can be used. 
As the metal for hole injection 133 in the hole the hole 
injection electrode layer 130b of the laminated electrode 130, 
the metal for hole injection 113 in the above Embodiment 
Mode 1 can be used. 

Structural Example 1 of Organic Device 

0034. Next, as a structural example of an organic device 
composed using an electrode for an organic device according 
to each Embodiment Mode above, an example of the appli 
cation to an organic EL element will be described. The ele 
ment structure is shown in FIG. 4. 
0035 FIG. 4 is a known organic EL element (MPE ele 
ment) incorporating an electrode for an organic device having 
both electron injection function and hole injection function 
(any one according to Embodiment Modes 1 to 3 is appli 
cable), and reference numeral 201 denotes an anode, 202 
denotes a cathode, 203a denotes a first electroluminescent 
layer, 203b denotes a second electroluminescent layer, and 
204 denotes a charge generation layer. In addition, the first 
electroluminescent layer 203a and the second electrolumi 
nescent layer 203b are capable of electroluminescence or 
contain an organic compound which can emit light by carrier 
injection. Further, the charge generation layer 204 is not 
connected with an external circuit, and serves as a floating 
internal electrode. 
0036. As to an organic EL element having the above struc 

ture, in the case of applying Voltage between an anode 201 
and a cathode 202, electrons are injected into the first elec 
troluminescent layer 203a from the charge generation layer 
204, and holes are injected into the second electroluminescent 
layer 203b from the charge generation layer 204. Meanwhile, 
seen from an external circuit, holes are injected into the first 
electroluminescent layer 203a from the anode 201, and elec 
trons are injected into the second electroluminescent layer 
203b from the cathode; thus, carrier recombination occurs 
both in the first electroluminescent layer 203a and the second 
electroluminescent layer 203b, which leads to light emission. 
On this occasion, if current I flows, both the first electrolumi 
nescent layer 203a and the second electroluminescent layer 
203b can emit photons of the amount corresponding to the 
current I. Accordingly, as compared with an organic EL ele 
ment having only one electroluminescent layer, an MPE ele 
ment has an advantage of emitting twice the amount of light 
by the same current. 
0037 Note that in this structural example, two layers of 
electroluminescent layers are laminated in a charge genera 
tion layer; further, current efficiency can be improved mul 
tiple times by laminating more electroluminescent layers (by 
interposing each charge generation layers between each elec 
troluminescent layers). Theoretically, great enhancement 
also relating to element lifetime in addition to the improve 
ment in current efficiency is expected. However, as the num 
ber of laminated electroluminescent layers is increased, high 
Voltage is required to apply the same current I. 

Embodiment of Organic EL Element 
0038. As the charge generation layer of an organic EL 
element described above, any one of the electrode structures 
in Embodiment Modes 1 to 3 can be used. Here, an example 
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of forming an organic element using an electrode for an 
organic device according to Embodiment Mode 3 will be 
described. Accordingly, a charge generation layer 204 is 
formed so that the side of the first electroluminescent layer 
203a serves as an electron injection electrode layer 204a and 
the side of the second electroluminescent layer 203b serves as 
a hole injection electrode layer 204b. 
0039 First, a glass substrate on which ITO to be used as an 
anode 201 was patterned was washed with boiling ethanol. 
Further, the substrate surface was washed with an ozone 
plasma cleaner. The washed Substrate and a material to be 
deposited were set inside a vacuum deposition system, and 
thereafter the pressure in the chamber was reduced to about 
10 Pa. 
0040. After the intended degree of vacuum is obtained, 

first, TPD was deposited in a rate of about 0.2 to 0.4 nm/s to 
form the film of 70 nm. Subsequently, Alq was deposited in 
a rate of about 0.2 to 0.4 nm/s to form the film of 60 nm. The 
above become the first electroluminescent layer 203a. 
0041. Next, as the deposition rate of Mg was fixed to 0.1 
nm/s, Alq is also evaporated to co-evaporate Mg and Alq. At 
this time, the total deposition rate is controlled to be 0.2 mm/s: 
therefore, the ratio of Mg and Alq is 1:1 by weight (about 
19:1 in a molar ratio). Note that the co-deposited layer was 
formed to 10 nm. Further, as the deposition rate of Au is fixed 
to 0.1 nm/s, TPD is also evaporated to co-evaporate Au and 
TPD. At this time, the total deposition rate is controlled to be 
0.2 mm/s; therefore, the ratio of Au and TPD is 1:1 by weight 
(about 2.6:1 in a molar ratio). Note that the co-deposited layer 
was formed to 10 nm. The total 20 nm of the co-deposited 
layer is the electrode for an organic device according to the 
invention, and it serves as the charge generation layer 204. 
0042. On the thus formed charge generation layer 204, a 
second electroluminescent layer 203b in which TPD (70 nm) 
and Alq (60) are laminated is formed as with the first elec 
troluminescent layer 203a. Further, in the like manner as 
above, Mg and Alq are co-deposited to be 1:1 by weight to 
form 10 nm co-deposited layer. Next, Al was deposited to 80 
nm in a deposition rate of about 0.2 to 0.4 nm/s to form the 
cathode 202. 
0043. The characteristics of a multiphoton emission ele 
ment (ITO/TPD (70 nm)/Alq (60 nm)/Mg: Alq (10 nm)/Au: 
TPD (10 nm)/TPD (70 nm)/Alq (60 nm)/Mg:Alq (10 nm)/ 
Al (80 nm)) were shown in FIG. 5. The horizontal axis 
indicates current density (V), and the vertical axis indicates 
external quantum efficiency (%: the number of extracted pho 
tons/the number of injected carriers). The external quantum 
efficiency in light emission is about 1.2 to 1.6%. 

Comparative Example 1 

0044) For comparison, an organic EL element without a 
charge generation layer, namely with only one electrolumi 
nescent layer (ITO/TPD (70 nm)/Alq3 (60 nm)/Mg: Alq (10 
nm)/A1 (80 nm)) was formed. The characteristics were also 
shown in FIG. 5. The external quantum efficiency in light 
emission is about 0.6 to 1.1%. 

0045. The results show that as to the element shown as the 
above embodiment, the drive Voltage is increased compared 
with the element in the Comparative Example 1; however, its 
external quantum efficiency is further more than that of the 
element in the Comparative Example 1; thus, the element 
operates as a multiphoton emission element. Accordingly, it 
was proved that the electrode for an organic device according 
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to the invention served as a charge generation layer, and 
carriers of both holes and electrons can be injected. 

Comparative Example 2 

0046. Further, in Comparative Example 2, removing the 
co-deposited layer of Au and TPD from the device of the 
above embodiment, and like multiphoton emission elements 
were formed. Accordingly, the element structure is ITO/TPD 
(70 nm)/Alq (60 nm)/Mg: Alq (10 nm)/TPD (70 nm)/Alq 
(60 nm)/Mg: Alq3 (10 nm)/A1 (80 nm). In this case, only a 
layer containing a metal having a work function of 4.2 or less 
is used for the organic compound as the charge generation 
layer. 
0047. The characteristics of the Comparative Example 2 
are also shown in FIG. 5. The drive voltage is increased as 
compared with the Comparative Example 1; however, the 
external quantum efficiency is not improved, and the element 
does not serve as a multiphoton emission element. Accord 
ingly, as in this Comparative Example 2, an electrode which 
injects both holes and electrodes cannot be obtained by only 
containing a metal having a small work function. 

Structural Example 2 of Organic Device 

0048 Next, an example of the application to an organic 
filed effect transistor will be described as a structural example 
of an organic device composed using an electrode for an 
organic device according to the each embodiment mode 
above. The element structure is shown in FIG. 6. 

0049 FIG. 6(a) shows an organic field effect transistor 
incorporating a charge generation layer as an internal elec 
trode, including a substrate 301, a first gate electrode 302, a 
first gate insulating film 303, a first source electrode 304a, a 
first drain electrode 304b, an electron transport layer 305a 
using an organic compound with electron transport proper 
ties, a hole transport layer 305b using an organic compound 
with hole transport properties, a charge generation layer 306, 
a second drain electrode 307a, a second source electrode 
307b, a second gate insulating film 308, and a second gate 
electrode 309. Note that hereinafter, the electron transport 
layer 305a and the hole transport layer 305b are collectively 
referred to as an organic semiconductor layer. 
0050. With this structure, when Vg1 (>0) is applied to the 

first gate electrode 302 and Vg2 (<0) is applied to the second 
gate electrode 309, as shown in FIG. 3(a), electrons are 
injected into the electron transport layer 305a and holes are 
injected into the transport layer 305b from the charge genera 
tion layer 306 by field effect. Meanwhile, carriers are not to be 
injected into the organic semiconductor film from the first 
gate electrode 302 and the second gate electrode 309 due to 
the existence of the first gate insulating film 303 and the 
second gate insulating film 308. Accordingly, electrons are 
accumulated in the organic semiconductor layer in the vicin 
ity of the surface of the first gate insulating film 303, and holes 
are accumulated in the vicinity of the surface of the second 
gate insulating film 308; thus, charge accumulated channel 
layers for respective electrons and holes are formed. 
0051. On this occasion, as shown in FIG.3(b), Vsd1 (>0) 

is applied between the first source electrode 304a and the first 
drain electrode 304b, and Vsd2 (<0) is applied between the 
second source electrode 307b and the second drain electrode 
307a. Then the electrons in the electron accumulated layer in 
the vicinity of the first gate insulating film 303 and the holes 
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in the hole accumulated layer in the vicinity of the second 
insulating film 308 make current flow through the each 
Source-drain circuit 
0052. It is considered that the thus obtained organic field 
effect transistor is practical in rapidly controlling a large 
amount of current. The charge generation layer 306 is 
required to have functions to inject holes upward and inject 
electrons downward. The electrode for an organic device 
according to Embodiment Mode 1 can be directly used as a 
charge generation layer 306 irrespective of the polarity. The 
electrode for an organic device according to Embodiment 
Mode 2 can be used as a charge generation layer 306 by 
providing an electron injection region on the side of the 
electron transport layer 305a and a hole injection region on 
the side of the hole transport layer 305b. The electrode of 
organic device according to Embodiment Mode 3 can be used 
as the charge generation layer 306 by providing an electron 
injection electrode layer on the side of the electron transport 
layer 305a and a hole injection electrode layer on the side of 
the hole transport layer 305b. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0053 FIG. 1A schematic cross-sectional view of an elec 
trode for an organic device according to Embodiment Mode 
1. 

0054 FIG. 2A schematic cross-sectional view of an elec 
trode for an organic device according to Embodiment Mode 
2. 

0055 FIG. 3A schematic cross-sectional view of an elec 
trode for an organic device according to Embodiment Mode 
3. 

0056 FIG. 4A schematic cross-sectional view of an MPE 
element using an electrode for an organic device according to 
the present invention. 
0057 FIG. 5A diagram showing the characteristics of an 
MPE element using an electrode for an organic device 
according to Embodiment Mode 3. 
0.058 FIG. 6 A schematic cross-sectional view of an 
organic field effect transistor using an electrode for an organic 
device according to the present invention. 

EXPLANATION OF REFERENCE NUMERALS 

0059 100: an organic layer, 100a: a first organic layer, 
100b, a second organic layer, 101: a metal electrode, 110: a 
carrier injection electrode layer, 111: an organic compound, 
112: a metal for electron injection, 113: a metal for hole 
injection, 120: an electrode layer, 120a: an electron injection 
region, 120b, a hole injection region, 121: an organic com 
pound, 122: a metal for electron injection, 123: a metal for 
hole injection, 130: a laminated electrode, 130a: an electron 
injection electrode layer, 130b, a hole injection electrode 
layer, 131a. an organic compound for electron transport, 
131b: an organic compound for hole transport, 132: a metal 
for electron injection, 133: a metal for hole injection 
What is claimed is: 
1. An organic device comprising: 
a first electrode: 
a second electrode opposed to the first electrode: 
a third electrode between the first electrode and the second 

electrode: 
a first light emitting layer between the first electrode and 

the third electrode: 
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a second light emitting layer between the second electrode 
and the third electrode: 

wherein the third electrode is a single layer, wherein the 
third electrode comprises a metal having a work function 
of 4.2 eV or less, a metal having a work function of more 
than 4.2 eV, and an organic compound, and 

wherein the organic device is configured to be capable of 
flowing current from the first electrode to the second 
electrode. 

2. The organic device according to claim 1, 
wherein the third electrode is in contact with the first light 

emitting layer. 
3. The organic device according to claim 1, 
wherein the third electrode is in contact with the second 

light emitting layer. 
4. The organic device according to claim 1, 
wherein the organic compound comprises a TL conjugated 

organic compound. 
5. The organic device according to claim 1, 
wherein the organic compound comprises a bipolar organic 

compound. 
6. The organic device according to claim 1, 
wherein the third electrode is configured to inject electron 

to the first light emitting layer and to inject hole to the 
second light emitting layer when a Voltage is applied to 
the first electrode to the second electrode so that a poten 
tial of the first electrode is higher than a potential of the 
second electrode. 

7. An electronic device comprising the organic device 
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12. The organic device according to claim 8. 
wherein the organic compound comprises a bipolar organic 

compound. 
13. The organic device according to claim 8. 
wherein the third electrode is configured to inject electron 

to the first light emitting layer and to inject hole to the 
second light emitting layer when a Voltage is applied to 
the first electrode to the second electrode so that a poten 
tial of the first electrode is higher than a potential of the 
second electrode. 

14. An electronic device comprising the organic device 
according to claim 8, wherein the electronic device is one 
selected from the group consisting of a cellular phone, a 
personal computer, a monitor, a video camera, a digital cam 
era, a goggle type display, a navigation system, audio com 
ponents, a car audio system, game machine, a mobile com 
puter, a portable game machine, an electronic book, and an 
image reproducing device equipped with a recording 
medium. 

15. An organic device comprising: 
a first electrode: 
a second electrode opposed to the first electrode: 
a third electrode between the first electrode and the second 

electrode: 
a first light emitting layer between the first electrode and 

the third electrode: 
a second light emitting layer between the second electrode 

and the third electrode: 
wherein the third electrode is a single layer, 
wherein a metal having a work function of 4.2 eV or less, a 

metal having a work function of more than 4.2 eV, and an 
according to claim 1, wherein the electronic device is one 
selected from the group consisting of a cellular phone, a 
personal computer, a monitor, a video camera, a digital cam 
era, a goggle type display, a navigation system, audio com 
ponents, a car audio system, game machine, a mobile com 
puter, a portable game machine, an electronic book, and an 
image reproducing device equipped with a recording 
medium. 

organic compound are mixed in the third electrode, and 
wherein the organic device is configured to be capable of 

flowing current from the first electrode to the second 
electrode. 

16. The organic device according to claim 15, 
wherein the third electrode is in contact with the first light 

emitting layer. 

8. An organic device comprising: 
a first electrode: 
a second electrode opposed to the first electrode: 
a third electrode between the first electrode and the second 

electrode: 
a first light emitting layer between the first electrode and 

the third electrode: 
a second light emitting layer between the second electrode 

and the third electrode: 
wherein a metal having a work function of 4.2 eV or less, a 

metal having a work function of more than 4.2 eV, and an 
organic compound are mixed in the third electrode, and 

wherein the organic device is configured to be capable of 
flowing current from the first electrode to the second 
electrode. 

9. The organic device according to claim 8. 
wherein the third electrode is in contact with the first light 

emitting layer. 
10. The organic device according to claim 8. 
wherein the third electrode is in contact with the second 

light emitting layer. 
11. The organic device according to claim 8. 
wherein the organic compound comprises a TL conjugated 

organic compound. 

17. The organic device according to claim 15, 
wherein the third electrode is in contact with the second 

light emitting layer. 
18. The organic device according to claim 15, 
wherein the organic compound comprises a TL conjugated 

organic compound. 
19. The organic device according to claim 15, 
wherein the organic compound comprises a bipolar organic 

compound. 
20. The organic device according to claim 15, 
wherein the third electrode is configured to inject electron 

to the first light emitting layer and to inject hole to the 
second light emitting layer when a Voltage is applied to 
the first electrode to the second electrode so that a poten 
tial of the first electrode is higher than a potential of the 
second electrode. 

21. An electronic device comprising the organic device 
according to claim 15, wherein the electronic device is one 
selected from the group consisting of a cellular phone, a 
personal computer, a monitor, a video camera, a digital cam 
era, a goggle type display, a navigation system, audio com 
ponents, a car audio system, game machine, a mobile com 
puter, a portable game machine, an electronic book, and an 
image reproducing device equipped with a recording 
medium. 


