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(57) ABSTRACT 

An organic electroluminescence device including a lower 
electrode disposed on a Substrate, an organic layer having at 
least a light emission layer and disposed above the lower 
electrode, and upper electrode having a transparent conduc 
tive film and disposed above the organic layer, in which the 
device has an electron injecting layer between the organic 
layer and the upper electrode. The electron injecting layer has 
a buffer layer comprising an insulative material and a mixed 
layer comprising an organic material that has an electron 
transporting property and a metal material that has an electron 
injecting property. 
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FIG. 1 
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FIG. 2 
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FIG. 5 1.1 
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FIG. 7 1.15 
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ORGANICELECTROLUMNESCENCE 
DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/278,456 filed Apr. 3, 2006, the 
entirety of which is incorporated herein by reference to the 
extent permitted by law. The present invention contains sub 
ject matter related to Japanese Patent Application JP 2005 
107036 filed on Apr. 4, 2005 and JP 2005-177215 filed on 
Jun. 17, 2005 in the Japanese Patent Office, the entire contents 
of which are being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention concerns an organic elec 
troluminescence device. 
0004 2. Description of the Related Art 
0005 Organic electroluminescence devices are light emit 
ting devices capable of operating at low Voltage and Suitable 
to saving of power consumption. Accordingly, they have now 
been used generally as light emitting devices for use in dis 
play devices and illumination devices. The organic electrolu 
minescence device usually has a structure in which a lower 
electrode, an organic layer formed by laminating an organic 
hole transporting layer and an organic light emitting layer, 
and an upper electrode in this order above a substrate. Further, 
one of the lower electrode and the upper electrode sandwich 
ing the organic layer is used as an anode and the other of them 
is used as a cathode. 
0006. A structure in which the upper electrode is formed 
as a transparent electrode and emission light caused in the 
device is taken out on the side of the upper electrode is 
referred to as a top emission organic electroluminescence 
device. There is also a structure of using a semi-transparent 
upper electrode thereby resonating emission light generated 
in the device. Further, there is also a structure of taking out 
light from both of the upper electrode and the lower electrode. 
0007. In a structure using the upper electrode as a trans 
parent electrode, in a case of using the upper electrode as a 
cathode (that is, transparent cathode), a portion in contact 
with the organic layer has an electron injecting layer particu 
larly formed of a material having high light transmittance 
selected from materials having low work function. However, 
it may be difficult to find materials of sufficiently high light 
transmittance among the materials having low work function. 
0008. Then, it has been proposed a first structure having an 
electron injecting layer of a Superthin film comprising a metal 
material having low work function disposed to a portion on 
the side of a cathode in contact with an organic layer, and a 
transparent conductive layer comprising an Indium-Tin-OX 
ide (ITO), Indium-Zinc-Oxide (IZO), etc. disposed further 
thereon (refer to JP No. 3560375 and JP-A No. 10-162959). 
0009 Further, it has been proposed a second structure 
having the electron injecting layer as a mixed layer compris 
ing a metal material having low work function and an electron 
transporting organic material (refer to JP-A No. 10-162959). 
0010 Further, it has been proposed a third structure having 
an electron injecting layer of a laminate structure. In this case, 
the electron injecting layer is formed by laminating a metal 
layer comprising a metal material having low work function, 
and a mixed layer comprising a metal material having low 
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work function and an electron transporting organic material 
orderly from the side of the organic layer. The electron inject 
ing layer is disposed directly on the light emission layer (refer 
to JP-A 2004-2964.10). 

SUMMARY OF THE INVENTION 

0011. However, in the first structure and the second struc 
ture described above, since the transparent conductive film 
comprising ITO, etc. disposed on the electron injecting layer 
is usually formed by a sputtering method in an oxygen atmo 
sphere, a metal material having low work function Such as an 
alkali metal or an alkaline earth metal forming the electron 
injecting layer is oxidized upon formation of the transparent 
conductive layer. This can no more ensure a Sufficient elec 
tron injecting efficiency from the electron injecting layer to 
the organic layer and no sufficient life can be obtained com 
pared with a device of using a not-transparent cathode (for 
example, Mg, Agalloy, Al, etc. of a thick film of about 100 
nm). 
0012. Further, in the third structure, the electron injecting 
layer has a two-layered structure. Accordingly, during forma 
tion of the transparent conductive film, the mixed layer that 
forms the upper layer of the electron injecting layer serves as 
an oxidation protective film to prevent oxidation of the metal 
layer disposed in adjacent with the organic layer. Accord 
ingly, the electron injecting efficiency is not impaired. How 
ever, since the metal layer is not oxidized as a result, light 
absorption inherent to the metal remains and possibly making 
it difficult to ensure light transmittance. 
0013 Further, in JP-A No. 2004-296.410 that discloses the 
third structure, the metal layer (electron injecting layer) is 
disposed in contact with the light emission layer that forms 
the organic layer. In this case, the electron injecting layer can 
not provide a hole blocking property as a function inherent to 
the layer. Then, holes can not be confined sufficiently in the 
light emission layer to decrease the probability of re-combi 
nation betweenholes and electrons in the light emission layer. 
Accordingly, light emission efficiency is lowered. Further, 
since the metal layer (electron injection layer) is disposed in 
contact with the light emission layer that forms the organic 
layer, the electron transportability increases excessively in 
the device. Accordingly, balance between the holes and the 
electrons is worsened giving rise to a problem that no suffi 
cient luminance half-decay life can be obtained. 
0014. In view of the above, the present invention intends to 
provide an organic electroluminescence device having a 
structure of taking out emitted light on the side of an upper 
electrode used as a cathode, in which the upper electrode of 
the organic layer has a sufficient transmittance to the emission 
light, an appropriate electron injecting efficiency and a hole 
blocking property from the upper electrode to the organic 
layer are ensured properly thereby capable of improving the 
light emission intensity and the light emission life. 
0015. According to an embodiment of the invention, there 

is provided an electroluminescence device including a lower 
electrode disposed on a Substrate, an organic layer having at 
least a light emission layer and disposed above the lower 
electrode, and an upper electrode having a transparent con 
ductive film and disposed on the organic layer. Particularly, a 
buffer layer formed of an insulative material, and an electron 
injecting layer are laminated orderly from the side of the 
organic layer between the organic layer and the upper elec 
trode. The electron injecting layer has a mixed layer compris 
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ing an organic material that has an electron transporting prop 
erty and a metal material that has an electron injecting 
property. 
0016 Since the buffer layer comprising the insulative 
material, it can easily ensure the light transmittance. Further, 
since the mixed layer comprises the organic material and the 
metal material, the metal material reacts while reducing the 
organic material and becomes transparent while ensuring the 
electron injecting property. Accordingly, the light transmit 
tance on the side of the upper electrode of the organic layer is 
ensured sufficiently. 
0017. Further, due to the structure of disposing the buffer 
layer comprising the insulating material in contact with the 
organic layer, the buffer layer has the hole blocking property 
to the organic layer. Accordingly, holes can be confined to the 
organic layer. Further, since the electron injecting layer hav 
ing a mixed layer is disposed above the buffer layer, an 
appropriate electron injecting property to the organic layer 
can be ensured by the electron injecting layer. 
0018. According to the organic electroluminescence 
device as described above, since the light transmittance is 
ensured on the side of the upper electrode of the organic layer, 
the intensity of light emission from the side of the upper 
electrode used as the cathode can be improved. Further, since 
the appropriate electron injecting efficiency from the upper 
electrode to the organic layer can be ensured and the hole 
blocking property to the organic layer can also be ensured, the 
light emission intensity and the light emission life can be 
improved. 

DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS 

0019 FIG. 1 is a schematic cross sectional view showing 
the structure of an organic electroluminescence device 
according to an embodiment of the invention; 
0020 FIG. 2 is a graph showing a relation between an 
operating time and an operating Voltage in an organic elec 
troluminescence device of Examples 1, 2 and Comparative 
Example 1: 
0021 FIG. 3 is a graph showing a relation between an 
operating time and a relative luminance in an organic elec 
troluminescence device of each of examples and comparative 
examples; 
0022 FIG. 4 is a schematic cross sectional view showing 
the structure of an organic electroluminescence device 
according to another embodiment of the invention; 
0023 FIG. 5 is a graph showing change with time of a 
relative luminance (life curve) in display devices of Example 
1' and Comparative Examples 1' to 3'; 
0024 FIG. 6 is a graph showing change with time of a 
relative luminance (life curve) in display devices of Example 
13' and Comparative Examples 1' to 3'; 
0025 FIG. 7 is a graph showing change with time of a 
relative voltage in display devices of Example 1" and Com 
parative Examples 1' to 3'; and 
0026 FIG. 8 is a graph showing change with time of a 
relative voltage in display devices of Example 13' and Com 
parative Examples 1' to 3'. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

0027. An organic electroluminescence device and a dis 
play device according to preferred embodiments of the 
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present invention are to be described specifically with refer 
ence to the drawings. FIG. 1 is a cross sectional view sche 
matically showing an organic electroluminescence device of 
an embodiment according to the invention. 
0028. An organic electroluminescence device 11 shown in 
the drawing is disposed above a substrate 10. That is, in the 
organic electroluminescence device 11, a lower electrode 13, 
an organic layer 14, an electron injecting layer 15, and an 
upper electrode 16 are laminated successively above a sub 
strate 10 and is adapted to take out light emission on the side 
of the upper electrode 16. In a display device using the 
organic electroluminescence device 11, a plurality of organic 
electroluminescence devices 11 are formed being arranged 
on every pixel on one identical substrate 10. 
0029 Detailed structures for the portions in the organic 
electroluminescence device 11 are to be described from the 
side of the substrate 10 successively. 
0030. At first, the substrate 10 is properly selected for use 
from transparent Substrates Such as made of glass, silicon 
substrates, and film-like flexible substrates. In a case where 
the operation system of a display device using the organic 
electroluminescence device 11 is an active matrix system, a 
TFT substrate in which TFT(s) are disposed on every pixels is 
used as the Substrate 10. In this case, it is advantageous to use 
a display device of a top emission organic electrolumines 
cence device 11 of taking out emission light only on the side 
opposite to the substrate 10 in view of the rate of opening for 
pixels. Further, each of the organic electroluminescence 
devices 11 has a structure of operating by using TFT in this 
case. In a case where the organic electroluminescence device 
11 is a both side light emission type of taking out emission 
light also on the side of the substrate 10, the substrate 10 is 
formed of a material having light transmittance. 
0031. Then, for the lower electrode 13 used as an anode on 
the substrate 10, those having a high work function from the 
vacuum level of the electrode material, for example, chro 
mium (Cr), gold (Au), alloy of tin oxide (SnO) and antimony 
(Sb), alloy of zinc oxide (ZnO) and aluminum (Al), as well as 
oxides of Such metals or alloys can be used each alone or in 
admixture in order to efficiently inject holes. 
0032 Particularly, in a case where the organic electrolu 
minescence device 11 is of a top emission type, it is possible 
to improve the efficiency of taking out light to the outside by 
high reflectance effect by forming the lower electrode 13 of a 
high reflectance material. As the electrode material, for 
example, an electrode mainly comprising Al, Ag, etc. is used 
preferably. It is also possible to enhance the charge injecting 
efficiency by disposing a transparent electrode material layer 
having high work function, for example, ITO on the high 
reflectance material layer. 
0033. In a case where the operation system for the display 
device using the organic electroluminescence device 11 is of 
an active matrix system, the lower electrode 13 is patterned on 
every pixels to which TFTs are disposed. Then, a not illus 
trated insulative film is disposed over the lower electrode 13 
and the surface of the anode 13 for each of the pixels is 
exposed through the openings in the insulative film. 
0034. On the other hand, in a case where the organic elec 
troluminescence device 11 is of a both side light emission 
type, the lower electrode 13 may be formed, for example, of 
a transparent electrode material such as ITO. 
0035. The organic layer 14 disposed above the lower elec 
trode 13 described above is formed by laminating a hole 
injecting layer 14a, a hole transporting layer 14b, a light 
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emission layer 14c., and an electron transporting layer 14d 
successively from the side of the lower electrode 13. There is 
no particular restriction on the materials for forming each of 
the layers and those materials used generally as the material 
for constituting each of the layers may be used. 
0036. For example, hole transporting materials such as 
benzidine derivatives, styrylamine derivatives, triphenyl 
methane derivatives, and hydraZone derivatives can be used 
for the hole transporting layer 14b. Further, organic materials 
Such as perylene derivatives, coumalin derivatives, pyran 
dyes, and triphenylamine derivatives may be doped by a slight 
amount to the host material of the light emission layer 14c. 
Further, electron transporting materials such as Alq (quinoli 
nol aluminum complex), phenanthroline derivatives, 
Anthraquinodimethane derivatives, diphenylduinone deriva 
tives, oxadiazole derivatives, and perylene tetracarboxylic 
acid derivatives can be used for the electron transporting layer 
14d. 

0037 Each of the layers 14a to 14d described above may 
also have other constituent factors. For example, the light 
emission layer 14d may also be an electron transporting light 
emission layer or a hole transporting light emission layer. In 
this case, the layer structure may be simplified by saving the 
electron transporting layer 14d or the hole transporting layer 
14b particularly. Further, it is also possible to adopt a laminate 
structure for each of the layers 14a to 14d. For example, the 
light emission layer 14c may be a white light emission device 
formed of a blue light emission portion, agreenlight emission 
portion, and ared light emission portion. Further, it may adopt 
also a laminate structure in which each of the hole injecting 
layer 14a and the hole transporting layer 14b may have plural 
layers. 
0038. Each of the layers 14a to 14d forming the organic 
layer 14 described above can be prepared, for example, by a 
vacuum vapor deposition method or other method, for 
example, a spin coating method. 
0039. The buffer layer 15a disposed above the organic 
layer 14 comprises an insulative material. The buffer layer 
15a has an electron injecting property. As the insulative mate 
rial, oxides, composite oxides, silicates, carbonates, compos 
ite oxides, or halides of metal materials having electron 
charging property are used as the insulative material and, 
further, they may be used also as a mixture with enhanced 
stability. Then, it is important to select and use those materials 
of favorable light transmittance from such insulative materi 
als. 

0040. As the metal material having the electron injecting 
property described above, metals having high electron inject 
ing property (that is, low work function), for example, metals 
having a work function of 4.2 V or less are suitable and 
specific examples include, preferably, alkali metals such as 
lithium (Li), Sodium (Na), potassium (K), and cesium (Cs), 
alkaline earth metals such as barium (Ba), calcium (Ca), 
strontium (Sr), beryllium (Be), and magnesium (Mg). In addi 
tion, they also include yttrium (Y), lanthanum (La), Samarium 
(Sm), gadolinium (Gd), ytterbium (Yb), silver (Ag), alumi 
num (Al), indium (In), etc. 
0041) Specific examples of the insulative materials that 
form the buffer layer 15a described above include, for 
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example, Li2O as lithium (Li) oxide and Cs20 as cesium (Cs) 
oxide and, further, mixtures of such oxides. In addition, they 
also include, for example, alkaline earth metals such as cal 
cium (Ca) and barium (Ba) and alkali metals such as lithium 
(Li) and cesium (Cs) and, further, those metals having low 
work function Such as indium (In), magnesium (Mg), and 
silver (Ag), as well as fluorides, oxides, and composite oxides 
of Such metals, for example, oxysilicides and oxycarbides. 
Among them, LiF is used preferably since the electron inject 
ing property is favorable and light transmittance is also high. 
0042. Since the buffer layer 15a gives a favorable electron 
injecting property in spite of the inherent insulative property 
when it is formed as a Super thin film using an insulative 
material, the thickness thereof is preferably from 1 nm or less. 
0043. A mixed layer 15b and the protective layer 15c are 
laminated above the buffer layer 15a. 
0044 Among them, the mixed layer 15b comprises an 
organic material having an electron transporting property and 
a metal material having an electron injection property. For the 
organic material having the electron transporting property, 
the same material as that forming the electron transporting 
layer 14d in the organic layer 14 is used. Particularly, for a 
combination having an appropriate electron injecting prop 
erty and capable of obtaining a sufficient light emission effi 
ciency and a luminance half-decay life, it is preferred to use 
Ald as the organic material for the electron transporting layer 
14d and the mixed layer 15b described above. Further, as the 
metal material having the electron injecting property, at least 
one of the metal materials having low work function 
described above is used suitably. 
0045. In the mixed layer 15b, the concentration of the 
metal materialis, preferably, about from 0.1 to 10% by weight 
and by restricting the concentration of the metal material 
lower relative to the concentration of the organic molecule, a 
high light emission efficiency can be obtained while Sup 
pressing the light absorption or light reflection inherent to the 
metal and increasing the transmittance of the entire device. 
0046. Further, the protective layer 15c comprises a mate 
rial having the charge transporting property. The protective 
layer 15c is formed by using at least one of metal materials 
having the electron charging property described above (par 
ticularly, metal materials having low work function described 
above) for forming the electron charging layer 15. Among 
them, since Mg is inexpensive and easy to handle with, it is 
used particularly preferably. 
0047 For the protective layer 15c, the metal materials 
described above may be used as an element, or may be used 
also as an alloy. Further, the layer may be formed of an oxide 
or halide of the metal material described above. Further, the 
layer may also be formed as a mixed layer by using an organic 
material together with at least one of the metal materials 
having low work function. 
0048 For example, in a case of the protective layer 15c 
comprising an alloy of metal materials, MgAg can be used. 
However, in a case of forming the protective layer 15c with an 
element of each of the metal materials or the alloys thereof, it 
is important to form the layer as such a Super thin film as 
capable of ensuring the light transmittance. For example, in a 
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case of forming the protective layer 15c by using MgAg 
exemplified above, the thickness of the protective layer 15c is 
restricted to about 3 nm or less, preferably, 2 nm. This ensures 
the light transmittance in the protective layer 15c. It is pre 
ferred that the metal material of low work function described 
above is contained by 95% by weight or more in the protective 
layer 15c. This is because the metal material such as Mg 
having low work function is liable to be oxidized and oxidized 
after film formation and, as a result, can ensure the light 
transmittance easily. Accordingly, in a case of using MgAg, a 
protective layer 15c of higher light transmittance can be 
obtained by incorporating 95% or more of Mg to Ag. 
0049 Further, in a case where the protective film 15c is a 
mixed layer of a metal material with low work function and an 
organic material, the metal material with low work function 
may be used as the element, alloy, oxide, or halide as 
described above. However, since the protective layer 15c also 
constitutes an electron injecting layer 15 as described above, 
it is preferred to ensure the electron injecting property to some 
extent. Accordingly, a metal material having an electron 
injecting property of about 10% or less is doped. 
0050. The organic material used for the protective layer 
15c is not restricted to those having electron transporting 
property. That is, in the organic electroluminescence device 
11, a main component for electron injection to the light emis 
sion layer 14c in the organic layer 14 is the electron trans 
porting layer 14d of the organic layer 14 and the mixed layer 
15b. Accordingly, the organic material used in the protective 
layer 15c may have either a hole transporting or electron 
transporting property. 
0051. In a case the organic material constituting the pro 
tective layer 15c has the electron transporting property, a 
material with high electron transporting property is prefer 
ably used in view of lower voltage of the organic electrolu 
minescence device 11. That is, since the mixed layer 15b is 
not the main component for electron injection to the light 
emission layer 14c as described above, even in case the mixed 
layer 15b comprises an organic material with high electron 
transportability, the injection balance between the holes and 
the electrons to the light emission layer 14c is not lost. 
Accordingly, a material of higher electron moveability than 
that of the electron transporting layer 14d can be used as the 
organic material that forms the protective layer 15c, by which 
the Voltage for the organic electroluminescence device 11 can 
be lowered. 

0052. As the organic material having such high electron 
transportability, a phenanthroline derivative is used suitably. 
Since the phenanthroline derivative has a high electron trans 
portability, in a case of using the same for the electron trans 
porting layer, the injection balance described above is lost to 
result in remarkable lowering in the luminance half-decay 
life. 

0053. Further, as the organic material forming the protec 
tive layer 15c, general host materials and hole transporting 
materials for the light emission layer 14c are used. An 
example of the host material is ADN (Anthracene Dinaph 
thyl). Further, an example of the hole transporting material is 
C-NPD (C.-naphthyl phenyl diamine). Also in a case of using 
Such materials, the organic electroluminescence device 11 
can be provided with a sufficient light emitting efficiency and 
a luminance half-decay life. 
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0054. In case the organic material constituting the protec 
tive layer 15c has a hole transporting property, the material of 
the following formula (1) and derivatives thereof are prefer 
ably used. 

Formula (1) 
R6 R5 

4. \ X5 

XI X4 

RI W \ R4 

R2 R3 

0055. In the formula (1), R to Reach represents indepen 
dently a hydrogen, halogen, hydroxyl group, amino group, 
arylamino group, Substituted or not-substituted carbonyl 
group of 20 or less carbon atoms, Substituted or not-substi 
tuted carbonyl ester group of 20 or less carbon atoms, Substi 
tuted or not-substituted alkyl group of 20 or less carbon 
atoms, substituted or not-substituted alkenyl group of 20 or 
less carbon atoms, Substituted or not-substituted alkoxyl 
group of 20 or less carbon atoms, Substituted or not-substi 
tuted aryl group of 30 or less carbon atoms, substituted or 
not-substituted heterocyclic group of 30 or less carbonatoms, 
or Substituent selected from nitrile group, cyano group, nitro 
group, or silyl group. Adjacent R" (m=1 to 6) may join to each 
other by way of a cyclic structure. Further, X' to X in the 
formula (1) each represents independently a carbon or nitro 
gen atom. 
0056. One of specific examples of the organic materials 
represented by the formula (1) described above is, for 
example, a material of the following formula (2). 

Formula (2) 
NC CN 

NC CN 

0057 By forming the protective layer 15c using the mixed 
layer comprising the organic material of the formula (1) or 
usual host material or hole transporting material for the light 
emission layer 14c, and the metal material of low work func 
tion, the light emission efficiency of the organic electrolumi 
nescence device is improved and long life can be obtained 
particularly. 
0058. In the electron injection layer 15, the thickness for 
each of the layers is set such that the transmittance at a 
wavelength region of from 440 to 700 nm is 85% or more. 
0059. Then, the upper electrode 16 disposed above the 
electron injection layer 15 is formed, for example, of a so 
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called transparent conductive film. The transparent conduc 
tive film is a transparent conductive film typically represented 
by Indium-Tin-Oxide and a mixture of indium oxide (In-O.) 
and zinc oxide (ZnO), that is, Indium-Zinc-Oxide (IZO: trade 
mark of Idemitsu Kosan Co.) and it is formed, for example, of 
IZO at a film thickness of about 50 nm. 
0060. The upper electrode 16 having such a transparent 
conductive film is formed by a sputtering method in an oxy 
gen atmosphere. 
0061 The organic electroluminescence device 11 of this 
embodiment as has been described above has a structure in 
which a buffer layer 15a made of an insulative material, a 
mixed layer 15b, and a protective layer 15c are laminated in 
this order between the organic layer 14 and the upper elec 
trode 16. 
0062 Among them, since the buffer layer 15a comprises 
an insulative material, a light transmittance can be ensured 
easily. Further, since the mixed layer 15b comprises an 
organic material and a metal material, the metal material 
reacts while reducing an organic material and becomes trans 
parent while ensuring the electron injecting property. Further, 
in a case where the protective layer 15c consists only of a 
super thin film of the metal material, this is oxidized to 
become light permeable upon forming the upper electrode 16. 
On the other hand, in a case where the protective film 15c 
comprises an organic material and a metal material, the light 
transmittance is ensured inherently like the mixed layer 15b 
and, further, this is oxidized upon film formation of the upper 
electrode 16 to improve the light transmittance. 
0063. Accordingly, light transmittance of the organic layer 
14 on the side of the upper electrode 16 can be ensured 
sufficiently. Further, since the buffer layer 15a comprising the 
insulative material is disposed in contact with the organic 
layer 14, the buffer layer 15a has a hole blocking property to 
the organic layer 14. Accordingly, holes can be confined to the 
organic layer 14. 
0064. Further, since the mixed layer 15b disposed on the 
buffer layer 15a is formed by using the metal material having 
the electron injection property, this serves as a main compo 
nent for electron injection. A protective layer 15c having a 
charge transporting property is disposed on the mixed layer 
15b. Thus, in an oxidative atmosphere upon forming the film 
of the upper electrode 16 having the transparent conductive 
film on the protective layer, the protective layer 15c functions 
as a protective film for preventing oxidation of the mixed 
layer 15b as a main component for electron injection. Accord 
ingly, lowering of the electron injection efficiency by the 
oxidation of the mixed layer 15b is prevented. 
0065. From the foregoings, the electron injection effi 
ciency from the electron injection layer 15 to the organic layer 
14 can be maintained at an appropriate value. 
0066. As a result, according to the organic electrolumines 
cence device 11 having the constitution as described above, 
since the light transmittance of the organic layer 14 on the 
side of the upper electrode 16 is ensured, the light emission 
intensity from the side of the upper electrode used as the 
cathode can be improved. In addition, since an appropriate 
electron injection efficiency from the upper electrode 16 to 
the organic layer 14 can be ensured and since the hole block 
ing property to the organic layer 14 can also be ensured, the 
light emission intensity and the emission life can be 
improved. 
0067. In the organic electroluminescence device 11 con 
structed as described above, in a case where the protective 
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layer 15c is a mixed layer comprising the metal material and 
the organic material, the range for selecting the organic mate 
rial to be used can be extended. That is, since it is necessary 
for the protective layer 15c to ensure the electron injection 
property to some extent, it is necessary to dope a metal mate 
rial having an electron injection property of about 10% or 
less. However, the mixed layer 15b below the protective layer 
15c mainly conducts electron injection to the light emission 
layer 14c. Accordingly, the organic material as the medium 
may be either hole transporting or electron transporting or 
may transport both of the charge. Accordingly, it is possible to 
form the protective layer 15c using an organic material having 
high electron transportability as the medium without consid 
ering the injection balance between electrons and holes to the 
organic layer 14, thereby obtaining an effect of lowering the 
operating Voltage. 
0068. Then, since the protective layer 15c is constituted as 
described above, an organic material selected optimally can 
be used for the mixed layer 15b disposed therebelow while 
only considering to properly determine the amount of elec 
trons to be injected into the light emission layer 14. 
0069. This enables to optimize the device property such 
that the operating Voltage is decreased by using the protective 
layer 15c of high electron transportability while ensuring 
Sufficient light emission efficiency and luminance half-decay 
life by properly selecting the organic material used for the 
mixed layer 15b and the protective layer 15c within a range of 
selection at high degree of freedom. In addition, the light 
transmittance of the device itself is not impaired. 
0070 The organic electroluminescence device 11 as has 
been described in the preferred embodiment can also be 
applied to a tandem organic electroluminescence device 
formed by laminating a unit (light emission unit) of the 
organic layer 14 having the light emission layer 14c. 
In this structure, the upper electrode 16 formed of the trans 
parent conductive film is disposed as a cathode by way of the 
electron injection layer 15 above the uppermost light emis 
sion unit. 
(0071. Further, in the embodiment described above, the 
structure of the organic electroluminescence device 11 hav 
ing the electron injection layer 15 of the three-layered struc 
ture has been explained. However, the organic electrolumi 
nescence device of the invention may also adopt a structure 
not provided with the protective layer 15c. Also in such a case, 
since the buffer layer 15a below the mixed layer 15b is 
formed by using a metal having the electron injection prop 
erty and can provide the function of injecting electrons, the 
electron injection efficiency can be ensured to some extent. 
Further, the light transmittance and the hole blocking prop 
erty can also be ensured. 

Example 

In a Case of Single Light Emission Unit 
0072 Then, description is to be made for the procedures of 
manufacturing organic electroluminescence devices of actual 
Examples 1 to 6 of the invention and Comparative Examples 
1 and 2 with reference to FIG. 1 and then the result of evalu 
ation for them is to be described. 

Example 1 
0073. In this example, an organic electroluminescence 
device in which the electron injection layer 15 has a two 
layered structure was manufactured. 
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0074 At first, an Ag Pd Cu layer was formed on a 
substrate of a glass plate sized 30 mmx30 mm and an ITO 
layer was formed thereon to form a lower electrode 13 of a 
two-layered structure as an anode. Subsequently, a film of 
SiO was formed by sputtering and patterned by lithography 
to manufacture a cell for use in an organic electrolumines 
cence device masked for a portion other than a 2 mmx2 mm 
light emission region with an insulative film (not illustrated). 
0075. Then, as the hole injection layer 14a, 2-TNATA 
(4,4',4'-tris(2-naphtylphenylamino)triphenylamine WaS 
vapor deposited at a film thickness of 15 nm (vapor deposition 
rate: 0.2 to 0.4 mm/sec). 
0076. Then, an O-NPD (C.-naphthyl phenyl diamine) was 
formed by vapor deposition at film thickness of 15 nm (vapor 
deposition rate: 0.2 to 0.4 nm/sec) as the hole transporting 
layer. 
0077. Then, the light emission layer 14c was vapor depos 
ited at a film thickness of 32 nm in total using ADN (an 
thracene dinaphthyl) as a host material and BD-052x (manu 
factured by Idemitsu Kosan Co.) as a dopant such that the 
dopant concentration was 5.0% by weight. 
0078 Finally, Alq3 (8-hydroxyquinoline aluminum) was 
vapor deposited at a film thickness of 10 nm as the electron 
transporting layer 14d. Then, LiF was vapor deposited at a 
film thickness of 0.1 nm as the buffer layer 15a. 
0079. Successively, Alq and Mg at 100:5 weight ratio were 
formed at a 5 nm film thickness by co-vapor deposition as the 
mixed layer 15b. Further, as the protective layer 15c, the 
material represented by the following formula (2) and Mg 
were formed at a film thickness of 5 nm at 100:5 weight ratio 
by co-vapor deposition by a vacuum vapor deposition 
method. Thus, the electron injection layer 15 having two 
layers of the mixed layer 15b and the protective layer 15c was 
formed. 

Formula (2) 
NC CN 

NC CN 

0080. Then, IZO was formed at a film thickness of 50 nm. 
as the upper electrode 16 by a sputtering method. 
0081. With the procedures described above, the top emis 
sion organic electroluminescence device having the transpar 
ent conductive film as the upper electrode 16 of the cathode 
was manufactured. 

Example 2 

0082 An organic electroluminescence device was manu 
factured in the same manufacturing procedures as those in 
Example 1 except for forming the protective layer 15c with an 
Mg Ag alloy. In the formation of the protective layer 15c, 
the Mg—Agalloy was co-vapor deposited to a film thickness 
of 2 nm at a weight ratio of Mg: Ag 100:5. 
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Example 3 

I0083. An organic electroluminescence device was manu 
factured in the same manufacturing procedures as those in 
Example 1 except for forming the protective layer 15c as the 
mixed layer comprising C-NPD and Mg as the hole transport 
ing material. In the formation of the protective layer 15c, the 
O-NPD-Mg alloy was co-vapor deposited at a film thickness 
of 5 nm at a weight ratio of O-NPD:Mg-100:5. 

Example 4 

I0084 An organic electroluminescence device was manu 
factured in the same manufacturing procedures as those in 
Example 1 except for forming the protective layer 15c as the 
mixed layer comprising ADN and Mg used usually as the host 
material for the light emission layer. In the formation of the 
protective layer 15c. ADN and Mg were co-vapor deposited at 
a film thickness of 5 nm at a weight ratio of ADN:Mg 100:5. 

Example 5 

I0085. An organic electroluminescence device was manu 
factured in the same manufacturing procedures as those in 
Example 1 except for forming the protective layer 15c as the 
mixed layer comprising BCP (basocuproin) as one of phenan 
throline derivatives having extremely high electron transport 
ability. In the formation of the protective layer 15c, the BCP 
and Mg were co-vapor deposited to a film thickness of 5 nm. 
at a weight ratio of BCP:Mg-100:5. 

Example 6 

I0086. An organic electroluminescence device was manu 
factured in the same procedures as those in Example 1 except 
for forming the electron injection layer 15 with a mono 
layered structure consisting only of the mixed layer 15b in the 
manufacturing procedures of Example 1. That is, in the manu 
facturing procedures in Example 1, after forming the mixed 
layer 15b, the upper electrode 16 was formed without forming 
the protective layer 15c. 

Comparative Example 1 

I0087. A top emission organic electroluminescence device 
was manufactured in the same manufacturing procedures as 
those in Example 6 except for saving the formation of the 
buffer layer 15a in Example 6. 

Comparative Example 2 

I0088 An organic electroluminescence device was manu 
factured in the same manufacturing procedures as those in 
Example except for using BCP instead of Alq as the organic 
material forming the mixed layer 15b in the manufacturing 
procedure in Example 6. That is, this is an example in which 
the organic material forming the mixed layer 15b had a higher 
electron transportability than the electron transporting layer 
14d (Ald) in the organic layer 14. In the formation of the 
mixed layer 15b, BCP and Mg were co-vapor deposited at a 
film thickness of 5 nm at a weight ratio of BCP:Mg-100:5. 

Result of Evaluation 

I0089 For the organic electroluminescence devices of 
Examples 1 to 6 and Comparative Examples 1 and 2 manu 
factured as described above, light emission efficiency, oper 
ating Voltage, and transmittance were measured. The follow 



US 2015/0060837 A1 

ing Table 1 shows the result of the evaluation together with the 
layer structure of the electron injecting layer in the organic 
electroluminescence devices. The light emission efficiency 
(cd/A) of the organic electroluminescence device was a value 
measured upon application of a current at a density of 10 
mA/cm. 

TABLE 1. 

Light 
Electron iniecting layer 15 emitting Operating 

Buffer Mixed layer Protective efficiency voltage 
layer 15a 1Sb layer 15c (cd/A) (V) 

Example 1 LF Alq-Mg Formula 3.7 5.67 
(2)-Mg 

Example 2 Mg Ag 3.4 6.02 
Example 3 C. NPD-Mg 3.7 6.97 
Example 4 ADN-Mg 3.7 S.96 
Example 5 BCP-Mg 3.9 S.26 
Example 6 2.9 7.85 
Comp. 2.2 9.65 
Example 1 
Comp. LF BCP-Mg 3.9 S.O2 
Example 2 

*: Light emission efficiency and operating voltage are those under operation at 10 mAcm, 

0090. From the result shown in Table 1, it was confirmed 
that the light emission efficiency was improved and the oper 
ating Voltage was lowered in the organic electroluminescence 
devices of Examples 1 to 6 having the laminate structure of 
the buffer layer 15a and the mixed layer 15b when compared 
with the organic electroluminescence device of Comparative 
Example 1 not having the electron injecting layer of Such a 
laminate structure. Further, it was confirmed also for the light 
transmittance that a sufficient value as 85% or more could be 
ensured in Examples 1 to 6 with all the provision of the buffer 
layer 15a. 
0091 FIG. 2 shows the result of measuring the operating 
time-operating Voltage for the organic electroluminescence 
devices of Examples 1 and 2, and Comparative Example 1. It 
can be seen also from the result that the operating Voltage was 
lowered in the organic electroluminescence devices having 
the structure of Examples 1 and 2 as a preferred embodiment 
of the invention compared with the organic electrolumines 
cence device of Comparative Example 1. 
0092. Further, it was confirmed for the organic electrolu 
minescence devices of Example 1 to Example 5 provided 
with the protective layer 15c that the light emission efficiency 
could be improved and the operating Voltage could be low 
ered when compared with the organic electroluminescence 
device of Example 6 not provided with the protective layer 
15c. Thus, by providing the protective layer 15c it was con 
firmed that the effect capable of preventing the oxidation of 
the mixed layer 15b and keeping the electron injecting prop 
erty in the mixed layer 15b. 
0093. Then, FIG. 3 shows the result of measuring the 
relation for the operating time—relative luminance of the 
organic electroluminescence devices of Examples 1 to 6 and 
Comparative Examples 1,2. From the result, it was confirmed 
that the light emission life was improved in the organic elec 
troluminescence devices of Examples 1 to 6 having the lami 
nate structure of the buffer layer 15a and the mixed layer 15b 
compared with the organic electroluminescence device of 
Comparative Example 1 not having Such a laminate structure. 
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0094 Further, it was confirmed for the organic electrolu 
minescence devices of Examples 1 to 5 provided with the 
protective layer 15c on the mixed layer 15b that the light 
emission life was improved compared with the organic elec 
troluminescence device of Example 6 not provided with the 
protective layer 15c. Also in view of the above, it was con 

Transmittance 
(%) 

85 or higher 

90 or higher 
90 or higher 
90 or higher 
90 or higher 
90 or higher 
90 or higher 

90 or higher 

firmed the effect capable of preventing the oxidation of the 
mixed layer 15b and maintaining the electron charging prop 
erty in the mixed layer 15b by the provision of the protective 
layer 15c. 
0095. Further, as shown in FIG.3, in the organic electrolu 
minescence devices of Examples 1 to 5 in which the protec 
tive layers 15c were formed of respective materials, the rate of 
lowering the relative luminance was Substantially identical. It 
can be seen from the foregoings that the kind of the organic 
materials used for the protective layer 15c gives scarce effects 
on the light emission life and the effect of prolonging the life 
by preventing oxidation of the electron injecting layer was 
predominant. On the contrary, Example 6 not provided with 
the protective film 15c showed the result that the life was 
remarkably shortened compared with Examples 1 to 5 by the 
effect of direct exposure of the Alq-Mg mixed alloy layer 15b 
having relatively lower electron transportability to the oxy 
gen atmosphere. 
0096. Then, for the organic electroluminescence device 
shown in Comparative Example 2, it was confirmed from the 
result shown in Table 1 that the most advantageous effect was 
obtained for the light emission efficiency and the operating 
Voltage, as well as a Sufficient transmittance was obtained. 
Referring to the transmittance, this is because the transmit 
tance was improved as a result of exposure of the upper 
electrode to an oxygen atmosphere during film formation by 
sputtering. However, no sufficient light emission life was 
obtained for Comparative Example 2. This is because appro 
priate balance between the hole and the electrons was lost by 
disposing BCP-Mg of extremely high electron transportabil 
ity as the mixed layer 15b near the electron transporting layer 
14d which greatly worsened the device life. 
0097. Then, with the foregoing results, it was confirmed 
that all of the device property required for the organic elec 
troluminescence device 11, that is, the light emission effi 
ciency, the operating Voltage, and the light emission life could 
be ensured sufficiently by properly combining the mixed 
layer 15b for predominantly controlling the electron injecting 
property and the protective layer 15c for preventing the mixed 
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layer 15b from being oxidized during film formation by sput 
tering of the upper electrode 16. 
0098. It was confirmed that a favorable organic electrolu 
minescence device 11 can be obtained concerning all of the 
initial efficiency, the operating Voltage, and the light emission 
life particularly by adopting the structure, for the electron 
injecting layer 15 disposed above the electron transporting 
layer 14d. that is, as a structure of laminating the mixed layer 
15b having the same extent of electron transportability as that 
of the electron transporting layer 14d and the protective film 
16b of higher electron transportability. 

In a Case of Plural Light Emission Units 

0099. Then, procedures for manufacturing tandem display 
devices including plural light emission units and the result of 
evaluation for them are to be explained. In the tandem display 
devices in another embodiment of the invention, a connection 
layer 115 disposed between the light emission units had an 
identical structure with that of the electron injecting layer 15 
as described previously. Specifically, the connection layer 
had a laminate structure including a metal oxide layer, a 
charge transporting material layer, and a triphenylene layer. 
In Examples 1' to 24', a display device 110 shown in FIG. 4 
was manufactured. In this case, the constitution of the con 
nection layers 115 were respectively shown in the following 
Table 2. Examples of electron transporting materials in the 
charge transporting materials 115b forming the connection 
layer are shown by the formulae (1)-1 to (1)-42 in Table 2. 
Examples of the hole transporting materials are shown by the 
formulae (2)-1 to (2)-95 in Table 3. 

TABLE 2 

(1)-1 

(1)-2 

TABLE 2-continued 
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(1)-3 

(1)-4 

(1)-5 

(1)-6 
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TABLE 2-continued 

(1)-7 

(1)-8 

(1)-9 

(1)-10 

(1)-11 

(1)-12 

TABLE 2-continued 

Mar. 5, 2015 

(1)-13 

(1)-14 

(1)-15 

(1)-16 

(1)-17 

(1)-18 

(1)-19 
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{{C 
O) ) 
(KO 
O) ) 
{{O O Bé-O 

N 

OC S 

N 2Ns. 

O s 

N -N-T 

O s 

O O 

O 

(1)-20 

(1)-21 

(1)-22 

(1)-23 

(1)-24 

10 
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(1)-25 

(1)-26 

(1)-27 

(1)-28 

(1)-29 

(1)-30 

  

  

  

  



US 2015/0060837 A1 Mar. 5, 2015 
11 

TABLE 2-continued TABLE 2-continued 

C CO 

(1)-36 

(1)-33 

(1)-37 

(1)-38 
Q (1)-34 

N 
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(1)-41 
(1)-39 

(1)-40 

(1)-42 

(2)-1 

(2)-2 
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(2)-3 

(2)-4 

(2)-5 

(2)-6 
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(2)-8 

(2)-9 

(2)-10 
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(2)-12 

(2)-13 

(2)-14 
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(2)-18 



US 2015/0060837 A1 Mar. 5, 2015 
17 

TABLE 3-continued 

() (2)-19 
N N 

(2)-20 

-K)- () 

(2)-21 

-K)- 



US 2015/0060837 A1 Mar. 5, 2015 

to 
(2)-23 

s: 



US 2015/0060837 A1 Mar. 5, 2015 
19 

TABLE 3-continued 

(2)-25 

(2)-26 

(2)-27 
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(2)-32 
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(2)-35 

(2)-36 
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(2)-53 

(2)-54 

(2)-55 

(2)-56 
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Clu) 
(2)-95 

2, so Sco 
0100 Procedures for manufacturing the display devices of 
Examples 1' to 24' are to be described below. 

Examples 1' to 10' 
0101 Substrates used for the evaluation of top emission 
organic electroluminescence devices were manufactured 
each by forming silver alloy as an anode 113 above a substrate 
112 made of a glass plate sized 30 mmx30 mm, forming ITO 
(film thickness: about 10 nm) as a protective layer and hole 
injecting electrode and, further, masking regions other than 
the 2 mmx2 mm light emission region with an insulative film 
(not illustrated) by SiO vapor deposition. 
0102 Then, a hole injecting material comprising a triph 
enylene derivative: compound (3)-10 was formed at a film 
thickness of 11 nm by a vacuum vapor deposition method 
(vapor deposition rate: 0.2 to 0.4 nm/sec) as a hole injecting 
layer 114a constituting the light emission unit 114-1 at the 
first layer (vapor deposition rate: 0.2 to 0.4 nm/sec). 
(0103) Then, C-NPD (BisN-(1-naphthyl)-N-phenylben 
dizine) was formed at a film thickness of 11 nm by a vacuum 

Example 1" 
Example 2" 
Example 3' 
Example 4 
Example 5' 
Example 6' 
Example 7" 
Example 8 

vapor deposition method (vapor deposition rate: 0.2 to 0.4 
nm/sec) as a hole transporting layer 114b. 
0104 Further, as a light emission layer 114c. ADN was 
used as a host material and BD-052x (trade name of products 
manufactured by Idemitsu Kosan Co.) was used as a dopant 
and thematerials were formed to a filmatathickness of 28 nm. 
in total such that the film thickness ratio was 5% by a vacuum 
vapor deposition method. 
0105 Finally, as the electron transporting layer 114d Alq3 
Tris(8-hydroxyquinolinato)aluminum (III) was formed to a 
film at a thickness of 10 nm by a vacuum vapor deposition 
method. 

0106. After forming the light emission unit 114-1 at the 
first layer as described above, the materials shown in the 
following Table 4 were vapor deposited Successively as an 
oxide containing layer 115a, a charge transporting organic 
material layer 115b, and a triphenylene layer 115c thereby 
forming the connection layer 115. 

TABLE 4 

Oxide Charge transporting 
containing organic material Triphenylene Light emission 
layer 115a layer 115b layer 115c efficiency 

(Electron transportability) ca/A 

Li2CO Compound (1)-1 Compound (3)-10 6.2 
Compound (1)-2 Compound (3)-10 6.1 
Compound (1)-3 Compound (3)-10 6.2 
Compound (1)-20 Compound (3)-10 6.O 
Compound (1)-1 Compound (3)-34 5.9 
Compound (1)-1 Compound (3)-66 6.O 

Li2SiO3 Compound (1)-1 Compound (3)-10 6.1 
Compound (1)-2 Compound (3)-10 6.O 
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TABLE 4-continued 

Oxide Charge transporting 
containing organic material Triphenylene 
layer 115a layer 115b layer 115c 

Example 9 Compound (1)-3 Compound (3)-10 
Example 10' Compound (1)-4 Compound (3)-10 
Example 11 Li2CO3 + Compound (1)-1 Compound (3)-10 

Compound (1)-1 
Example 12" Li2CO Compound (1)-1/ Compound (3)-10 

Compound (1)-1 + 
Compound (3)-10 
(Hole transportability) 

Example 13' Li2CO Compound (2)-34 Compound (3)-10 
Example 14' Compound (2)-35 Compound (3)-10 
Example 15 Compound (2)-42 Compound (3)-10 
Example 16' Compound (2)-46 Compound (3)-10 
Example 17' Compound (2)-34 Compound (3)-34 
Example 18' Compound (2)-34 Compound (3)-66 
Example 19' Li2SiO, Compound (2)-34 Compound (3)-10 
Example 20' Compound (2)-35 Compound (3)-10 
Example 21' Li2CO Compound (2)-57 Compound (3)-10 
Example 22' Compound (2)-83 Compound (3)-10 
Example 23' Li2CO3 + Compound (2)-34 Compound (3)-10 

Compound (2)- 
34 

Example 24' Li2CO Compound (2)-34 Compound (3)-10 
Compound (2)-34 + 
Compound (3)-10 

Comp. Li2CO Compound (3)-10 
Example 1 
Comp. LiFi Alq3 + Mg/Compound (3)-10 
Example 2" 
Comp. 
Example 3' 

0107 For example, in Example 1", LiCO, was formed to 
a film at 0.3 nm thickness as the oxide containing layer 115a, 
the compound (1)-1 was formed to a film at 5 nm thickness as 
the charge transporting organic material layer 115b having an 
electron transporting property and, finally, the compound 
(3)-10 was formed to a film at 60 nm thickness as the triph 
enylene layer 115c. Further, also in Examples 2 to 10, mate 
rials shown in Table 4 were formed at the same film thickness 
as in Example 1" by vapor deposition. 
0108. After the procedures as described above, a light 
emission unit 114-2 was formed in the same manner as the 
light emission unit 114-1 at the first layer. 
0109. Then, LiF was formed to a film at about 0.3 nm. 
thickness as a first layer 116a of a cathode 116 by a vacuum 
vapor deposition method (vapor deposition rate: 0.01 nm/sec 
or less) and then MgAg was formed to a film of 10 nm 
thickness as a second layer 116b to form the cathode 116 of a 
two-layered structure. Thus, a top emission display device 
110 was manufactured. 

Example 11" 

0110. The manufacturing procedures were conducted in 
the same manner as those in Example 1" except for co-vapor 
depositing LiCOs and the compound (1)-1 as the oxide 
containing layer 115a to form the oxide containing layer 115a 
of the mixed layer in Example 1". The oxide layer 115a had a 
compositional ratio of LiCO:compound (1)-1-4:1 (ratio of 
film thickness) and was formed to a film at nm thickness. 
Further, the charge transporting organic material layer 115b 
comprising the compound (1)-1 was formed to a film at a 
thickness of 2 nm. 
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Example 12" 

0111. The manufacturing procedures were conducted in 
the same manner as those in Example 1" except for forming 
the compound (1)-1 to a film at 3 nm thickness as the charge 
transporting organic material layer 115b and then, forming a 
mixed layer of the compound (1)-1 and the compound (3)-10 
to a film at a thickness of 2 nm to form a charge transporting 
organic material layer 115b of a two-layered structure. The 
compositional ratio of the compound (1)-1 and the compound 
(3)-10 in the mixed layer was 1:1 (ratio of film thickness). 

Examples 13' to 22' 

0112. In the formation of the connection layer 115 in the 
manufacturing procedures of Example 1", the materials 
shown in the Table 4 were vapor deposited successively as the 
oxide containing layer 115a, the charge transporting organic 
material layer 115b and the triphenylene layer 115c thereby 
forming the connection layer 115. Other procedures than 
those described above were conducted in the same manner as 
in Example 1". 
0113 For example, in Example 13', LiCO was formed to 
a film at 0.3 nm thickness as the oxide containing layer 115a, 
then, the compound (2)-34 was formed to a film at a thickness 
of 2.5 nm as the charge transporting organic material layer 
115b having a hole transporting property and, finally, the 
compound (3)-10 was formed to a film at 62.5 nm thickness as 
the triphenylene layer 115c. Further, also in Examples 14 to 
22, the materials shown in Table 4 were formed to films of the 
same thickness as in Example 13' by vapor deposition. 
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Example 23' 

0114. The manufacturing procedures were conducted in 
the same manner as in Example 13' except for co-vapor 
depositing LiCO and the compound (2)-34 as the oxide 
containing layer 115a, to form the oxide containing layer 
115a of the mixed layer in Example 13". The oxide containing 
layer 115a of the mixed layer had a compositional ratio of 
LiCO:compound (2)-34=4:1 (ratio of film thickness) and 
was formed to a film at 3 nm thickness. Further, the charge 
transporting organic material layer 115b comprising the com 
pound (2)-34 was formed to a film at a thickness of 2 nm. 

Example 24 

0115 The manufacturing procedures were conducted in 
the same manner as those in Example 13' except for forming 
the compound (2)-34 to a film at 3 nm thickness as the charge 
transporting organic material 115b and then forming a mixed 
layer of the compound (2)-34 and the compound (3)-10 to a 
film at 2 nm thickness to form a charge transporting organic 
material layer 115b of a two-layered structure in Example 13'. 
The compositional ratio of the compound (2)-34 and the 
compound (3)-10 in the mixed layer was 1:1 (ratio of film 
thickness). 

Comparative Example 1 

0116. The manufacturing procedures were conducted in 
the same manner as in Example 1" except for forming the 
connection layer 115 of a laminate structure of the oxide 
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Comparative Example 3' 
0118. In Comparative Example 3' the cathode 116 was 
formed directly on the light emission unit 114-1 at the first 
layer to manufacture a not tandem one-unit display device in 
the manufacturing procedures of Example 1". 
Result of Evaluation 

0119 Table 4 shows the light emission efficiency (Quan 
tum Yield: Q/Y) of the display devices manufactured in 
Example 1" to 12, 13' to 24', and Comparative Examples 1' to 
3'. It was confirmed from the result that the light emission 
efficiency in the display devices of Examples 1' to 24 was 
about twice the efficiency of the display device of the one-unit 
structure of Comparative Example 3' and the effect due to the 
tandem structure formed by laminating the light emission 
units in two layers was obtained. In the tandem device, it was 
expected that the light emission efficiency was doubled by 
stacking the light emission units in two stages in an ideal 
device, and it was confirmed almost ideal elements could be 
obtained in Examples 1 to 24. The emission efficiency was 
increased to about twice also in Comparative Examples and 2 
and the effect due to the tandem structure was obtained. 
I0120 (a)-(h) in the following Table 5 show the relative 
luminance and the operating Voltage after operation for initial 
100 hours (100 h) and for 800 hours (800 h) normally at a 
room temperature (30°C.) and at a high temperature (60°C.) 
of Examples 1", 13' and Comparative Examples 1' to 3' manu 
factured as described above. As the operating condition, 
operation at a room temperature was conducted as the con 
stant current operation at mA/cm and operation at a high 
temperature was conducted as constant current operation at 
20 mA/cm. 

TABLE 5 

Comp. Comp. Comp. 
Example Example Example Example Example 

1. 13' 1. 2 3' 

(a) Relative luminance - 100h O.93 O.87 O.85 O.91 O.96 
(30° C.) 

(b) Relative luminance - 800 h. O.69 O.67 O.64 O.6O O.76 
(30° C.) 

(c) Operating voltage (initial O.60 1.01 1.00 O.10 -0.20 
AV) - 100 h (30° C.) (V) 

(d) Operating voltage (AV) - 1.30 1.45 160 O.90 O.OO 
800 h (30° C.) (V) 

(e) Relative luminance - O.94 O.93 O.86 O.91 0.97 
100 h (60° C.) 

(f) Relative luminance - O.85 O.85 0.77 O.78 O.9S 
800 h (60° C.) 

(g) Operating voltage (initial O.30 1.15 1.00 O4O O.10 
AV) - 100 h (60° C.) (V) 

(h) Operating voltage (AV) - O.20 1.32 1.30 O.70 O.10 
800 h (60° C.) (V) 

containing layer 115a and the triphenylene layer 115c with 
out forming the charge transporting organic material layer 
115b in the formation of the connection layer 115 in Example 
1'. 

Comparative Example 2 

0117. In the manufacturing procedures of Example 1", a 
connection layer having a structure in which an LiF layer, the 
mixed layer of Alq3 and Mg described above, and the layer 
comprising the compound (3)-10 were laminated in this order 
was formed in the formation of the connection layer 115. 

(a) Relative Luminance (30° C., 100 h) 
I0121. In Examples 1" and 13" having the connection layer 
115 of the laminate structure as another embodiment of the 
invention, it was confirmed that lowering of the luminance of 
the initial stage (100 h) was distinctly improved compared 
with Comparative Example 1 not having the connection layer 
of Such a laminate structure and that the performance 
approached to that of Comparative Example 3' of at one unit 
structure. Particularly, in Example 1" of using the electron 
transporting material as the charge transporting organic mate 
rial layer 115b in the connection layer 115, lowering of the 
initial stage luminance was improved even compared with 
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Comparative Example 2 and the effect of using the electron 
transporting material as the charge transporting organic mate 
rial layer 115b was confirmed. 

(b) Relative Luminance (30° C., 800 h) 
0122. In view of the result of Example 1" and Example 13' 
having the connection layer 115 of the laminate structure as 
the embodiment of the invention, deterioration was distinctly 
Suppressed compared with Comparative Examples 1' and 2 
not having Such a connection layer of the laminate structure 
and the effect of improving the longtime reliability according 
to the embodiment of the invention was confirmed. Further, 
since Comparative Example 2" showing relatively less degra 
dation during the initial 100 h stage deteriorated most after 
800h, this suggested that the stationary degradation rate was 
high in the structure of Comparative Example 2". On the other 
hand, Example 1" and Example 13' showed low stationary 
degradation rate and were excellent in the long time reliabil 

(c), (d) (Operating Voltage (30° C., 100 h, 800 h) 
0123. The change with time of the operating voltage in 
Example 1" and Example 13" having the connection layer 115 
as a laminate structure as another embodiment of the inven 
tion was large compared with Comparative Example 3' of the 
one-unit structure. However, it was confirmed that increase in 
the operating Voltage was suppressed distinctly compared 
with Comparative Example 1". 

(e), (f) Relative Luminance (60° C., 100 h, 800 h) 
0.124. It was confirmed that degradation of the luminance 
at the high temperature in Example 1" and Example 13' 
according to the embodiment of the invention was suppressed 
distinctly compared with Comparative Example 1" and Com 
parative Example 2". 

(g) (h) Operating Voltage (60°C., 100 h, 800 h) 
0.125 Increase in the voltage at high temperature in 
Example 1" having the connection layer 115 as the laminate 
structure according to the embodiment of the invention 
showed apparently Smaller value compared with Compara 
tive Example 1", Comparative Example 2', and Comparative 
Example 3'. This suggested that the structure is excellent in 
the operating stability at high temperature. On the contrary, 
while increase in the Voltage at the room temperature and at 
the high temperature in Example 13' showed larger values 
compared with Comparative Example 1", Comparative 
Example 2", and Comparative Example 3', suppression for the 
degradation of the luminance which is considered most 
important could be obtained. 
0126. Also in Examples 2 to 12', change of the relative 
luminance or increase in the operating Voltage at the room 
temperature and at the high temperature showed similar trend 
as in Example 1" both for 100 hand 800 h, and the effect of 
providing the connection layer having the structure according 
to the embodiment of the invention was apparent. 
0127. Further, also in Examples 14 to 24', change of the 
relative luminance or increase in the operating Voltage at 
room temperature and at the high temperature showed similar 
trend as in Example 13' both for 100 hand 800 h. 
0128 FIG. 5 shows the life curve for Example 1" together 
with life curves for Comparative Examples 1' to 3". Further, 
FIG. 6 shows the life curve for Example 13' together with life 
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curves for Comparative Examples 1' to 3'. Also in view of the 
results, it can be seen that degradation in the initial stage of the 
relative luminance was large in Comparative Example 1", 
which was improved in Example 1" and Example 13'. 
I0129 FIG. 7 shows the relative change of voltage in 
Example 1" together with relative change of voltage in Com 
parative Examples 1' to 3". FIG.8 shows the relative change of 
voltage in Example 13' together with the relative change of 
voltage in Comparative Examples 1' to 3". From the results, it 
can be seen that the increase in Voltage was improved par 
ticularly in Example 1" using the electron transporting mate 
rial as the charge transporting organic material layer in the 
connection layer 115 compared with Comparative Example 
1'. 
0.130. It should be understood by those skilled in the art 
that various modifications, combinations, Sub-combinations 
and alterations may occur depending on design requirements 
and other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof. 
What is claimed is: 
1. A display device comprising: 
a plurality of light emission units laminated between a 

lower electrode and an upper electrode, where each light 
emission unit comprises at least an organic light emis 
sion layer, and 

a connection layer is between the respective light emission 
units, 

wherein, 
the organic light emission layer in each light emission 

unit includes a hole injection layer, a hole transporting 
layer, a light emission layer, an electron transporting 
layer in direct Succession in the recited order, begin 
ning on the lower electrode, 

the connection layer having a laminate part comprising 
(1) a buffer layer of a thickness of 1 nm or less in 
contact with the organic light emission layer, the 
buffer layer (a) employing an oxide which contains at 
least one of an alkali metal and an alkaline-earth 
metal, and (b) the buffer layer having a hole blocking 
property resulting from disposing the buffer layer in 
contact with the organic light emission layer, (2) a 
mixed layer employing a charge transporting organic 
material having an electron transporting property and 
a metal material having an electron injecting property, 
the mixed layer being composed of the same material 
as the electron transporting layer in the organic light 
emission layer, the metal material reacts while reduc 
ing the charge transporting organic material to 
become transparent to ensure the electron injecting 
property, and (3) a protective layer employing at least 
one of triphenylene derivatives and azatriphenylene 
derivatives, the protective layer is oxidized to become 
light permeable to prevent oxidation of the mixed 
layer, are Successively laminated from the lower elec 
trode side in direct Succession. 

2. The display device according to claim 1, wherein the 
charge transporting organic material constituting the connec 
tion layer is an electron transporting organic material. 

3. The display device according to claim 2, wherein the 
mixed layer employing a charge transporting organic material 
comprises only an electron transporting organic material. 

4. The display device according to claim 1, wherein the 
charge transporting organic material within the connection 
layer is a hole transporting organic material. 
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5. The display device according to claim 4, wherein the 
buffer layer, the mixed layer, and the protective layer were 
deposited Successively utilizing vapor deposition. 

6. The display device according to claim 1, wherein the 
buffer layer confines holes to the organic light emission layer. 

7. The display device according to claim 1, wherein the 
layer employing an oxide constitutes a boundary layer on the 
lower electrode side in the connection layer. 

8. The display device according to claim 1, wherein the 
oxide is at least one selected from the group consisting of 
LiSiO, Li C0, CsCO, Li W0 and SrO. 

9. A display device comprising in order a lower electrode, 
a light emission layer, a buffer layer, and an upper electrode, 
wherein the buffer layer includes ytterbium (Yb). 

10. The light emission layer according to any one of claim 
1, wherein the light emission layer is also configured to be an 
electron transporting light emission layer. 

11. The light emission layer according to any one of claim 
1, wherein the light emission layer is also configured to be a 
hole transporting light emission layer. 

k k k k k 


