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7) ABSTRACT

An organic electroluminescent device comprising an organic
layer at least having a light emission layer provided between
an anode and a cathode, wherein the anode has at least one
layer comprised of an alloy containing aluminum as a main
ingredient, and the alloy contains at least one element whose
work function is relatively smaller than that of the main
ingredient as a secondary ingredient, the device being rela-
tively inexpensive, having high reliability and capable of
reducing disconnection due to hillock or migration.
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ORGANIC ELECTROLUMINESCENT DEVICE
AND DISPLAY DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention contains subject matter
related to Japanese Patent Application JP 2004-259405 filed
in the Japanese Patent Office on Sep. 7, 2004, the entire
contents of which being incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention concerns an organic elec-
troluminescent device and a display device and, more in
particular, it relates to an organic electroluminescent device
using an anode as a reflection electrode and a display device
using the same.

[0004] 2. Description of the Related Art

[0005] In an organic electroluminescent device utilizing
electroluminescence (hereinafter referred to as EL) of an
organic material (so-called organic EL device), an organic
layer formed by stacking an organic hole transport layer or
an organic light emission layer is disposed between an anode
and a cathode, and it has attracted attention as a light
emission device capable of emitting light at high luminosity
by low DC voltage driving.

[0006] FIG. 5 is a cross sectional view showing an
example of a constitution of the organic electroluminescent
device described above. An organic electroluminescent
device 101 shown in the drawing is disposed on a transpar-
ent substrate 102, for example, formed of glass and has an
anode 103 disposed on the substrate 102, an organic layer
104 disposed on the anode 103, and a cathode 105 disposed
on the organic layer 104. The organic layer 104 has a
constitution of stacking a hole injection layer 104¢, a hole
transport layer 104b, and an electron transporting light
emission layer 104¢ successively from the side of the anode
103. In the organic electroluminescent device 101, electrons
injected from the cathode 105 and holes injected from the
anode 103 are re-combined in the light emission layer 104c,
and a light generated upon re-combination is taken out by
way of the anode 103 or the cathode 105. The organic
electroluminescent device also includes those having a con-
stitution of stacking a cathode, an organic layer and an anode
successively from the side of the substrate.

[0007] In an active matrix type display device in which a
thin film transistor (hereinafter referred to as TFT) for
driving each of organic electroluminescent devices is dis-
posed on a substrate, it is advantageous for improving the
opening ratio of a light emission portion to adopt a top
emission structure of taking out emitted light generated in
the organic electroluminescent device from the side opposite
to the substrate. Further, improvement of the opening ratio
can decrease the density of current applied to each of devices
for obtaining necessary luminance to extend the life of the
device.

[0008] Then in the organic electroluminescent device 101
of the constitution, for example, shown in FIG. 5, the anode
103 disposed on the side of the substrate 102 is used as a
reflection electrode and the cathode 105 is used as a trans-

1. Field of the Invention
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parent or semi-transparent electrode. Then, for taking out the
emitted light efficiently from the side of the cathode 105, it
is necessary to constitute the anode 103 with a material of
high reflectance.

[0009] For the material constituting the anode 103, it has
been proposed to use, for example, silver (Ag) or a silver-
containing alloy (refer to JP-A Nos. 2003-77681 and 2003-
234193). Further, JP-A No. 2003-234193 also proposes the
use of an aluminum (Al) alloy comprising copper (Cu),
palladium (Pd), gold (Au), nickel (Ni), or platinum (Pt) as an
secondary ingredient metal.

SUMMARY OF THE INVENTION

[0010] However, use of silver or silver-containing alloy as
the anode results in various problems such as short-circuit
caused by generation of hillocks or wire disconnection
caused by migration during driving, particularly, driving at
high temperature of the organic electroluminescent device.

[0011] By the way, in a case where an aluminum (Al) alloy
is used as the anode, a metal of high work function (copper,
palladium, gold, platinum, etc.) is contained up to about 20
to 30% in order to compensate a relatively small work
function of aluminum. In this case, palladium, gold and
platinum are noble metal and increase the cost.

[0012] In view of the above, the present invention intends
to provide an anode of a relatively reduced cost having a
process durability while maintaining reflection characteris-
tics as a reflection electrode thereby providing an organic
electroluminescent device and a display device of high
reliability.

[0013] According to an embodiment of the present inven-
tion, there is provided an organic electroluminescent device
comprising an organic layer having at least a light emission
layer provided between an anode and a cathode, the anode
has a first layer comprising an alloy containing aluminum as
amain ingredient, and the alloy contains at least one element
whose function is relatively smaller than that of the main
ingredient as a secondary ingredient.

[0014] Further, according to another embodiment of the
present invention, there is provided a display device in
which a plurality of organic electroluminescent devices emit
light in accordance with the amount of the current supply,
wherein the organic electroluminescent device has an
organic layer having at least a light emission layer provided
between the anode and the cathode, the anode has a first
layer comprising an alloy containing aluminum as a main
ingredient and the alloy contains at least one element whose
function is relatively smaller than that of the main ingredient
a secondary ingredient.

[0015] In one embodiment of the present invention, since
the device contains aluminum of high reflectance as a main
ingredient and an element whose work function is relatively
smaller than that of the main ingredient as a secondary
ingredient, an anode having high reflectance, stable and of a
relatively reduced cost can be obtained. That is, use of
aluminum as the main ingredient can prevent occurrence of
hillock or migration in the production process or in the
driving state, and can prevent short-circuit of the anode and
disconnection of wirings attributable to them. Further, the
stability of the aluminum alloy is improved by adding at
least one element whose work function is relatively smaller
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than that of the main ingredient as a secondary ingredient.
Accordingly, it is possible to provide an organic electrolu-
minescent device and a display device of high reliability.

DESCRIPTION OF THE ACCOMPANYING
DRAWINGS

[0016] FIG. 1 is a cross sectional view showing the
constitution of an organic electroluminescent device accord-
ing to an embodiment of the present invention;

[0017] FIG. 2 is a graph showing the reflectance of an
anode of Example 1;

[0018] FIG. 3 is a graph showing a relation for driving
time-relative luminance of an organic electroluminescent
device of Example 1 and Comparative Example 2;

[0019] FIG. 4 is a graph showing a relation for driving
time-driving voltage of organic electroluminescent devices
of Example 1 and Comparative Example 2; and

[0020] FIG. 5 is a cross sectional view showing the
constitution of an organic electroluminescent device accord-
ing to an existent embodiment.

DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0021] FIG. 1 is a cross sectional view showing an
example of a constitution of an organic electroluminescent
device according to an embodiment of the present invention.
An organic electroluminescent device 11 shown in the
drawing has an anode 13 disposed on a substrate 12, an
organic layer 14 stacked on the anode 13, and a cathode 15
disposed on the organic layer 14.

[0022] Description is to be made to the constitution of an
organic electroluminescent device of a top surface light
emitting system in which an emitted light formed when
holes injected from the anode 13 and electrons generated in
the charge generation layer 15 are combined in a light
emission layer 14c is taken out on the side of the cathode 15
opposite to the substrate 12.

[0023] At first, the substrate 12 on which the organic
electroluminescent device 11 is disposed is properly selected
from transparent substrates such as glass, silicon substrates
or, further, film-like flexible substrates, etc. and used. Fur-
ther, in a case where the driving system of the display device
constituted by using the organic electroluminescent device
11 is an active matrix system, a TFT substrate in which TFTs
are disposed on every pixel is used as the substrate 12. The
display device has a constitution in which the organic
electroluminescent device 11 of the top surface light emit-
ting system is driven by using TFTs.

[0024] The anode 13 has a first layer comprising an alloy
containing aluminum as a main ingredient in which the first
layer contains at least one element whose work function is
relatively smaller than that of the main ingredient as a
secondary ingredient. As the secondary ingredient, a lantha-
noide element is preferable. The work function of the
lanthanoide series element is not large but incorporation of
such elements improves the stability of the anode and
satisfies the hole injection property of the anode. The
secondary ingredient may also include other elements such
as silicon (Si) and copper (Cu) in addition to the lanthanoide
element.
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[0025] The content of the secondary ingredient metal in
the aluminum alloy layer is preferably about 10 wt % or less.
This can maintain the anode stably while keeping the
reflectance of the aluminum alloy in the manufacturing
process of the organic electroluminescent device and, fur-
ther, improve the fabrication accuracy and chemical stabil-
ity. Further, the conductivity and the adhesion with the
substrate 12 of the anode 13 are also satisfactory.

[0026] Further, the anode 13 may also have a second layer
of excellent light transmittance on the side of the aluminum
alloy layer in contact with the organic layer 14. The second
layer can include, for example, at least one of an oxide layer
of an aluminum alloy layer, molybdenum oxide, zirconium
oxide, chromium oxide, and tantalum oxide. In a case where
the second layer is an oxide layer of an aluminum alloy
(including spontaneous oxide film) and the secondary ingre-
dient contains a lanthanoide element, since the oxide of the
lanthanoide element has high transmittance, high reflectance
can be kept at the surface of the layer comprising the
aluminum alloy.

[0027] Further, the second layer may also be a transparent
conductive layer such as of ITO (Indium Tin Oxide) or IZO
(Indium Zinc Oxide). The conductive layer can improve the
electron injection property of the anode.

[0028] On the other hand, the anode 13 may be provided
with a conductive layer to the aluminum alloy layer on the
side in contact with the substrate 11 for improving adhesion
between the anode 13 and the substrate 12. The conductive
layer includes a transparent conductive layer such as formed
of ITO or IZO.

[0029] In a case where the driving system of the display
device constituted by using the organic electroluminescent
device 11 is an active matrix system, the anode 13 is
patterned on every pixel to which the TFTs are disposed.
Then, an insulative film not illustrated in the drawing is
disposed to the upper layer of the anode 13, and the surface
of the anode 13 of every pixel is exposed through the
opening of the insulative film.

[0030] Then, the organic layer 14 is to be described. The
organic layer 14 is formed by stacking a hole injection layer
144, a hole transport layer 14b, a light emission layer 14¢
and an electron transport layer 14d successively on the side
of the anode 13. Each of the layers has an organic layer
formed, for example, by a vacuum deposition method or
other method such as a spin coating method.

[0031] In each of the layers described above, usual mate-
rials can be used for the hole transport layer 14b, the light
emission layer 14¢ and the electron transport layer 14d.

[0032] For example, hole transport material such as ben-
zidine derivatives, styryl amine derivatives, triphenyl meth-
ane derivatives, and hydrazone derivatives can be used for
the hole transport layer 14b. Further, the light emission layer
14c may also be a thin organic film containing a slight
amount of an organic substance such as perylene derivatives,
coumarin derivatives, pyrane dyes, and triphenylamine
derivatives. In this case, this can be formed by co-vapor
deposition of a slight amount of molecules to the material
constituting the light emission layer 14c.

[0033] Then, for the hole injection layer 14a in contact
with the anode 13, an appropriate material may be selected
depending on the material constitution of the anode 13.
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[0034] For example, in a case where the boundary of the
anode 13 on the side of the organic layer 14 comprises the
aluminum alloy layer described above or an oxide layer of
the aluminum alloy laver, the hole transport layer 14a¢ may
be constituted by using a compound represented by the
following formula (1):

@

R® R®
XG/ \ XS
x! x4
Rl / \ R4
RZ R3

in which each of R* to R® each independently represents a
substituent selected from a hydrogen atom, a halogen atom,
a hydroxyl group, an amino group, an arylamino group, a
substituted or not-substituted carbonyl group of 20 or less
carbon atoms, a substituted or not-substituted carbonyl ester
group of 20 or less of carbon atoms, a substituted or
not-substituted alkyl group of 20 or less of carbon atoms, a
substituted or not-substituted alkenyl group of 20 or less of
carbon atoms, a substituted or not-substituted alkoxyl group
of 20 or less of carbon atoms, a substituted or not-substituted
aryl group of 30 or less of carbon atoms, a substituted or
not-substituted heterocyclic group of 30 or less of carbon
atoms, a nitrile group, a cyano group, a nitro group, or a silyl
group, adjacent R™ (m=1 to 5) may join to each other by way
of a cyclic structure, and X" to X° each represents indepen-
dently a carbon atom or nitrogen atom,

[0035] A specific example of the compound includes the
material represented by the following formula (2). By con-
stituting the hole transport layer 14a using the compound of
the formula (1), holes can be injected sufficiently even in a
case where the work function of the anode 13 is not large.

NC CN

NC CN

[0036] Specific examples of the compound represented by
the formula (1) constituting the hole transport layer 14a are
not restricted only to the structure shown in the formula (2)
but may be those in which the portions for R* to R and the
portion for X* to X°® in the formula (1) are substituted
independently with the substituents as has been described
for the formula (1).
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[0037] Further, in a case where the boundary of the anode
13 on the side of the organic layer 14 comprises a layer
containing at least one of ITO, IZO, molybdenum oxides,
zirconium oxides, chromium oxides, and tantalum oxides,
the hole transport layer 14a may also comprise compounds
used generally as the hole injection material such as those
having an arylamine skeleton in addition to the compound of
the general formula (1).

[0038] In the organic layer 14 described above, each of the
layers 14a to 14d constituting the layer may also have other
functions. As an example, the light emission layer 14c may
be an electron transporting light emission layer that also
functions as the electron transport layer 14d and, on the
other hand, may be a hole transporting light emission layer
that also functions as the hole transport layer 14c. Further,
each of the layers 14a to 14d may have a stacked structure.
For example, the light emission layer 14c may have a
stacked structure of a blue light emission layer, a green light
emission layer, and a red light emission layer to constitute an
organic electroluminescent device that emits white light.

[0039] Then, the cathode 15 may have a structure in which
a layer in contact with the organic layer 14 is constituted by
using a material having a small work function and have a
favorable light transmittance. For such a constitution, the
cathode 15 may have a structure formed by stacking, for
example, a first layer 154 and a second layer 15b succes-
sively on the side of the anode 13 and, further stacking a
third layer (not illustrated) depending on the case.

[0040] The first layer 15a has a material with a small work
function and having favorable light transmittance. The mate-
rial includes, for example, alkali metal oxides such as Li, O,
Cs,0, LiF or CaF,, alkali metal fluorides, alkaline earth
metal oxides, alkaline earth fluorides. Further, the second
layer 15b has a material having light transmittance and
favorable conductivity such as a thin film MgAg electrode or
a Ca clectrode. Particularly, in a case where the organic
electroluminescent device 11 is a top surface light emission
device having a cavity structure of oscillating an emitted
light between the anode 13 and the cathode 15 and taking out
the same, the second layer 156 has been constituted by using
a semi-transmitting reflection material such as Mg—Ag.
Further, a third layer optionally stacked further is formed as
a seal electrode for suppressing the degradation of the
electrode.

[0041] The first layer 154, the second layer 155 and the
third layer described above are formed by a method such as
vacuum deposition, sputtering or plasma CVD. Further, in a
case where the driving system of the display device having
the organic electroluminescent device is an active matrix
system, the cathode 15 may be formed in the state of a solid
film over the substrate 12 being insulated from the anode 13
by an insulative film not illustrated in the drawing covering
the circumferential periphery of the anode 13 and the
organic layer 14 and used as a common electrode for each
of the pixels.

[0042] The organic electroluminescent device used for the
embodiment of the present invention is not restricted to the
organic electroluminescent device used for an active matrix
type display device using a TFT substrate but is also
applicable as an organic electroluminescent device for use in
a passive system display device and can provide identical
effects.
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[0043] In the embodiment described above, description
has been made to a case of “top surface light emission type”
using the substrate 12 as the anode 13 and taking out light
emission from the cathode 15 disposed on the opposite side.
However, the invention is also applicable to a “transmittance
type” organic electroluminescent device of forming the
substrate 12 with a transparent material and stacking the
stacked structure explained with reference to FIG. 1 in the
opposite direction from the side of the substrate 12 formed
of the transparent material, and using the anode 13 as the
upper electrode. Also in this case, identical effect can be
obtained.

[0044] Further, the organic electroluminescent device of
the invention described for the embodiment is also appli-
cable to a stacked type organic electroluminescent device
formed by stacking units of organic layers each having the
light emission layer (light emission units). The stacked type
referred to herein has a structure also called as a multi-
photon emission device (MPE device), which can be an
organic electroluminescent device in which each of the light
emission units is partitioned by an insulative charge gen-
eration layer, for example, as described in JP-A No. 2003-
272860.

EXAMPLE

[0045] Then, manufacturing procedures for the organic
electroluminescent device of specific examples of the inven-
tion and comparative examples relative to the examples, as
well as the result of evaluation thereof are to be described.

Examples 1 to 7

[0046] In each of the Examples 1 to 7, an organic elec-
troluminescent device 11 of the constitution described with
reference to FIG. 1 was formed in the embodiment
described above. In each of the examples, respective mate-
rials and stacked structures shown in the following Table 1
were used for the anode 13 and the hole injection layer 14a.
Description is to be made at first to the production proce-
dures of an organic electroluminescent device 11 of
Examples 1 to 7.
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[0048] In Examples 1 to 2, an anode 13 was formed using
an aluminum alloy layer containing at least one element of
neodymium (Nd) as the lanthanoide element and nickel (Ni).
As shown in Table 1, Al—Nd(10%) layer was formed in
Example 1 and an Al—Ni(4%)—Nd(3%) layer was formed
in Example 2. Each of the layers had a film thickness of 120
nm. The reflectance of the anode 13 having each of the
single layers was 90% or more to a light at a wavelength of
450 nm, respectively. Further, FIG. 2 shows a graph for
wavelength-reflectance at the anode 13 typically having the
Al—Nd layer of Example 1. As shown in the graph, it was
confirmed that the anode 13 of Example 1 showed a favor-
able reflectance for a wide range of wavelength. This was
identical for the anode 13 of Example 2.

[0049] In Examples 3 to 5, an anode 13 of a two-layered
structure was formed in which each of transparent conduc-
tive layers was formed on an Al—Nd layer as an aluminum
alloy layer (thickness: 120 nm) used in Example 1. As
shown in Table 1, an ITO layer (film thickness: 10 nm) in
Example 4, an IZO layer (film thickness: 10 nm) in Example
5, and a TaO layer (film thickness: 1 nm) in Example 6 were
formed each as a transparent conductive layer on the
Al—Nd layer. The reflectance of each anode 13 was 85% or
more to a light at a wavelength of 450 nm, respectively, and
it was confirmed that favorable reflectance was shown for a
wide range of wavelength in the same manner as in the
anode 13 of Example 1.

[0050] In Examples 6 to 7, an anode 13 of a three-layered
structure was formed by putting the A—Nd layer (film
thickness: 120 nm) as an aluminum alloy layer used in
Example 1 between each of transparent conductive layers.
As shown in Table 1, ITO was formed in Example 6 and 1ZO
was formed in Example 7 each as the transparent conductive
layer. Then, the film thickness for the transparent conductive
film of the lower layer was set to 20 nm thickness, while the
transparent conductive film of the upper layer was set to 10
nm thickness both in Examples 6 and 7. The reflectance of
each of the anodes 13 was 85% to the light at a wavelength

TABLE 1
(a) Light
Reflectance of Hole emission  (b) Number
anode injection  efficiency of
Anode 13 (450 nm) layer 14a (6 V) short-circuits
Example 1 Al—Nd 90% or more  Formula (2) 4.2 cd/A —
Example 2 Al—Ni—Nd " ! 4.1 cd/A —
Example 3 AI—NdJ/ITO 85% or more ! 3.7 cd/A 3/10(N)
Example 4 Al—NdJ/IZO ! 2-TNATA 3.6 cd/A —
Example 5 Al—Nd/TaO Formula (2) 3.6 cd/A —
Example 6 ITO/AI—NJd/ITO  80% or more ~ 2-TNATA 3.7 cd/A —
Example 7 IZO/AI—Nd/IZO " ! 3.5 cd/A —
Comp. Ag—Pd—Cu/ITO 85% Formula (2) 3.8 cd/A 9/10(N)
Example 1
Comp. Ag—Pd—Cu 95% or more ! 4.4 cd/A —
Example 2

2-TNATA: 4,4',4"-tris(2-naphthylphenylamino)triphenylamine

[0047] At first, each of anodes 13 was formed on a
substrate 12 having a glass plate, sized 30 mmx30 mm in
each of examples.

of 450 nm, and it was confirmed that satisfactory reflection
ratio was shown in a wide range of a wavelength like the
anode 13 in Example 1.



US 2006/0049747 Al

[0051] After forming the anode 13 of the constitution of
each of Examples 1 to 7 as described above, a cell for use
in an organic electroluminescent device in which a portion
other than the light emission region of 2 mmx2 mm size was
masked with an insulative film (not illustrated) was manu-
factured by SiO, vapor deposition.

[0052] Then, a hole injection layer 14a was formed on the
anode 13. In this case, a hole injection layer 14¢ of 15 nm
thickness was formed by vapor deposition of the material
shown by the following equation (2) in Examples 1 to 3, and
5, and 2-TNATA (4,4',4"-tris[ 2-naphthylphenylamino] triph-
enylamine) in Examples 4, 6, 7 each as a vapor deposition
film (vapor deposition rate of 0.2 to 0.4 nm), as shown in
Table 1.

2
NC CN

NC CN

[0053] Then, as a hole transport layer 14b, o-NPD
o-naphthyl phenyl diamine) was formed to a thickness of 15
nm (vapor deposition rate: 0.2 to 0.4 nm/sec).

[0054] Further, the light emission layer 14¢ was deposited
by using ADN (anthracene dinaphthyl) as a host and
BD-052x (trade name of product manufactured by Idemitsu
Kosan Co.) as a dopant and depositing the materials to a total
film thickness of 32 nm by a vacuum vapor deposition
method such that the dopant concentration was 5% by the
film thickness ratio of in each of examples.

[0055] Then, as an electron transport layer 14d, Alq3
(8-hydroxy quinoline aluminum) was vapor deposited by 18
nm.

[0056] After forming the organic layer 14 of a structure
formed by stacking the hole injection layer 14a to the
electron transport layer 144, LiF was formed as a first layer
15a of the cathode 15 to a thickness of about 0.3 nm by a
vacuum vapor deposition method (vapor deposition rate—
0.01 nm/sec) and then MgAg was formed to a thickness of
10 nm by a vacuum vapor deposition method as a second
layer 15b. Thus, the cathode 15 of the two-layered structure
was disposed on the organic layer 14.

[0057] Organic electroluminescent
Examples 1 to 7 were thus obtained.

device 11 for

Comparative Example 1>

[0058] In Comparative Examples 1 and 2, organic elec-
troluminescent devices each having an anode using a silver
alloy instead of the aluminum alloy were manufactured in
the manufacturing procedures for the organic electrolumi-
nescent device of Examples 1 to 7 described above. That is,
in Comparative Example 1, an anode 13 of a two-layered
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structure was disposed by forming an Ag—Pd—Cu layer
and forming an I'TO layer in each of examples. Further, in
Comparative Example 2, an anode 13 of a single-layered
structure containing Ag—Pd—Cu was disposed. Further, as
the hole injection layer 144, the compound of the formula
(2) like that in Example 1 or the like was used.

<Evaluation Result—1>

[0059] For the organic electroluminescent devices of
Examples 1 to 7 and Comparative Examples 1 and 2
manufactured as described above, the light emission effi-
ciency was measured and the result of measurement is
shown in conjunction with the light emission efficiency (a)
in Table 1. The light emission efficiency (cd/A) of the
organic electroluminescent device is a value measured upon
application of a voltage at 6V.

[0060] From the result, as in Examples 1 to 2, it was
confirmed that even in a case where the anode was consti-
tuted only with an alloy layer containing aluminum and an
element whose work function is smaller than that of alumi-
num, holes and electrons could be joined to emit light in the
light emission layer 14¢ within the organic layer 14. Further,
the anode 13 was formed so as to provide a reflectance as
high as at 90% or more and it was also confirmed that the
emitted light in the light emission layer 14 was taken out
efficiently to the outside.

<Evaluation Result—2>

[0061] Organic electroluminescent devices of the consti-
tution of Example 3 and Comparative Example 1 were
manufactured each by the number of 10, and the number of
short-circuits in a case of driving for 300 hours at high
temperature of 80° C. was compared. The result is shown in
conjunction with the number of short-circuits (b) in Table 1.

[0062] From the result, in the organic electroluminescent
device of Comparative Example 1 in which the anode was
formed of a silver alloy, short-circuit occurred by 9 out of 10
devices by driving at high temperature. On the contrary, in
the organic electroluminescent device of Example 3 in
which the anode was formed of the aluminum alloy, devices
suffering from short-circuit by driving at high temperature
were 3 out of 10 devices. Accordingly, it was confirmed that
the heat resistance of the anode is improved by using the
aluminum alloy.

<Evaluation Result—3>

[0063] FIG. 3 shows a result of measuring the relation of
driving time (operating time)—(relative luminance) for the
organic electroluminescent devices of the constitution of
Example 1 and Comparative Example 2. Further, FIG. 4
shows the result of measuring the relation of operating
time—driving voltage for the devices described above.

[0064] From the result, it was confirmed that degradation
of the relative luminance and the increase of the driving
voltage relative to the driving time were suppressed in the
organic electroluminescent device of Example 1 having the
anode containing the aluminum alloy layer compared with
the organic electroluminescent device of Comparative
Example 2 having the anode comprising a silver alloy layer.

[0065] Tt should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
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and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. An organic electroluminescent device comprising an
organic layer at least having a light emission layer provided
between an anode and a cathode, wherein

the anode includes a first layer comprised of an alloy
containing aluminum as a main ingredient, and

the alloy contains at least one element whose work
function is relatively smaller than that of the main
ingredient as a secondary ingredient.
2. An organic electroluminescent device according to
claim 1, wherein

the content of the secondary ingredient is 10 wt % or less.
3. An organic electroluminescent device according to
claim 1, wherein

the secondary ingredient contains at least one of lantha-
noide elements.
4. An organic electroluminescent device according to
claim 1, wherein

the anode further includes a second layer comprised of an
oxide of the alloy at the organic layer side.
5. An organic electroluminescent device according to
claim 1, wherein

a layer of the organic layer in contact with the anode
comprises a material represented by the following
formula (1) .
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wherein each of R! to R® independently represents a
substituent selected from a hydrogen atom, a halogen
atom, a hydroxyl group, an amino group, an arylamino
group, a substituted or not-substituted carbonyl group
of 20 or less carbon atoms, a substituted or not-
substituted carbonyl ester group of 20 or less of carbon
atoms, a substituted or not-substituted alkyl group of 20
or less of carbon atoms, a substituted or not-substituted
alkenyl group of 20 or less of carbon atoms, a substi-
tuted or not-substituted alkoxyl group of 20 or less of
carbon atoms, a substituted or not-substituted aryl
group of 30 or less of carbon atoms, a substituted or
not-substituted heterocyclic group of 30 or less of
carbon atoms, a nitrile group, a cyano group, a nitro
group, or asilyl group, adjacent R™ (m=1 to 5) may join
to each other by way of acyclic structure, and X" to X°
each represents independently a carbon atom or nitro-
gen atom.

6. An organic electroluminescent device according to
claim 1, wherein

the anode is light reflective, the cathode is light transmis-
sive and the light from the light emission layer is
emitted outside mainly from the cathode.

7. A display device in which a plurality of organic
electroluminescent devices emit light in accordance with the
amount of current supply, wherein

the organic electroluminescent device comprises an
organic layer at least having a light emission layer
provided between an anode and a cathode, the anode
has a first layer comprising an alloy containing alumi-
num as a main ingredient and

the alloy contains at least one element whose work
function is relatively smaller than that of the main
ingredient a secondary ingredient.
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