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(57) ABSTRACT

The invention provides an organic electroluminescent ele-
ment comprising a cathode, an anode, a plurality of light
emitting units layered and arranged between the cathode and
the anode via an intermediate unit, a cavity adjustment layer
formed between the light emitting unit nearest to the anode
and the anode, and an electron extracting layer formed
adjacently to the cavity adjustment layer in the light emitting
unit side and is characterized in that the film thickness of the
cavity adjustment layer is adjusted to adjust the optical
distance from the light emitting position of each light
emitting unit to the anode.
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ORGANIC ELECTROLUMINESCENT ELEMENT
AND ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an organic elec-
troluminescent element and an organic electroluminescent
display device.

[0003] 2. Description of the Related Art

[0004] An organic electroluminescent element (organic
EL element) has been actively developed from a viewpoint
of application to display and illumination. Principle for
driving an organic EL element is as follows; That is, a hole
and an electron are injected through an anode and a cathode,
respectively, these are transported in an organic thin film,
and recombined in a light emitting layer to generate the
excited state, and light emitting is obtained from this excited
state. In order to enhance a light emitting efficiency, it is
necessary to inject a hole and an electron effectively, and
transport them in an organic thin film. However, since
movement of a carrier in an organic EL element undergoes
restriction due to an energy barrier between an electrode and
an organic thin film, and low carrier mobility in an organic
thin film, improvement in a light emitting efliciency is
limited.

[0005] On the other hand, as another method of improving
a light emitting efficiency, there is a method of layering a
plurality of light emitting layers. For example, by layering
an orange light emitting layer and a blue light emitting layer
in a complementary color relationship so that they are
directly contacted, a higher light emitting efficiency than that
of the case of a monolayer can be obtained in some cases.
For example, in the case where a light emitting efficiency of
a blue light emitting layer is 10 cd/A, and a light emitting
efficiency of an orange light emitting layers is 8 ¢cd/A, when
these are layered to form a white light emitting element, a
light emitting efficiency of 15 c¢d/A is obtained.

[0006] However, in the case of layering a plurality of light
emitting layers, since a plurality of light emitting areas exist,
there occurs a problem that the cavity adjustment becomes
difficult. That is, there are light emitted to the anode side and
light emitted to the cathode side as the light from the light
emitting layers and since the cathode is generally formed to
be a reflectively electrode, the light emitted to the cathode
side is reflected by the cathode and emitted to the anode side.
In such a manner, in an organic EL element, since optical
interference is caused due to the double paths, it becomes
very important in terms of the design to adjust the optical
distance in the element and increase the quantity of the light
to be emitted from the element.

[0007] In Japanese Patent Application Laid-Open (JP-A)
Nos. 2003-272860 and 2004-342614, with respect to an
organic EL element in which a plurality of light emitting
units are laminated, the optical film thickness is adjusted
independently for each light emitting unit so as to adjust the
above-mentioned cavity. However, there is a problem that
when the thickness of the layers composing the each light
emitting unit is adjusted, the carrier balance in each light
emitting unit is changed to lead to the considerable alteration
of the properties of the elements and impossibility of obtain-
ing desired properties.
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[0008] Further, in an organic EL element, a charge trans-
porting layer and a charge injecting layer are generally
formed for transporting a hole or an electron between an
electrode and a light emitting layer.

[0009] JP-A No. 2003-151776 proposes that in the struc-
ture composed by layering a hole injecting layer, a hole
transporting layer, an electron trapping layer, a light emitting
layer, and an electron transporting layer from the anode side
to the cathode side, the minimum energy level of the
conduction band of a mother material of the electron trap-
ping layer is lowered than those of the mother material of the
hole transporting layer and the mother material of the light
emitting layer. Accordingly, deterioration of the mother
material of the hole transporting layer in the anode side is
prevented.

[0010] JP-A No. 2004-207000 proposes insertion of a
mixed layer of a mixture of materials composing neighbor-
ing hole transporting layers in an interface of the neighbor-
ing two hole transporting layers and describes that the
adhesion property of the neighboring two charge transport-
ing layers is improved and the light emitting efficiency and
brightness life are improved.

[0011] In JP-A No. 2003-229269, it is proposed that a
cathode buffer layer and an electron transporting layer are
reciprocally layered at least two or more times between a
cathode and a light emitting layer to control the electron
transporting efficiency.

[0012] Conventionally, for a hole transporting layer, a
tertiary arylamine type material such as NPB (N,N'-di(naph-
thacen-1-yl)-N,N'-diphenylbenzidine) has been used, how-
ever if the film thickness of the hole transporting layer of
NPB or the like is made thick to adjust a cavity, since the
carrier mobility of the hole transporting material, NPB or the
like, is low, there occurs a problem that the driving voltage
is increased. Accordingly, it is required to provide an elec-
tron structure of an organic EL element in which the driving
voltage is lowered even if the film thickness of NPB or the
like is made thick.

[0013] Also, there is another problem in the organic EL
display that the organic EL display has a visible angle
dependency, that is, the color tone of an image is slightly
changed in the front view or in a slanting view. The visible
angle dependency of the organic EL display is not so much
significant, different from that in the case of a liquid crystal
display in which the image is reversed if the image is
observed from a slanting angle. The reasons for that are
because the refraction index difference is wide between an
organic layer and an inorganic layer (e.g., an ITO film)
composing the organic EL element and because the cathode
of an organic EL element works like a mirror to cause an
optical interference in an element. The slight visible angle
dependency lowers the display quality of the organic EL
display and therefore, it is preferable to suppress the depen-
dency. However, any effective manner to sufficiently lower
the visible angle dependency has been proposed so far.

[0014] On the other hand, the organic EL display is
expected to be a display for a mobile appliance and is
required to save power consumption and prolong the life.
The inventors of the invention have found that the electric
power consumption can be saved and the life can be pro-
longed by layering a plurality of light emitting layers via an
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intermediate unit (reference to JP-A No. 2006-49396). How-
ever, this patent document contains no description of the
visible angle dependency.

[0015] JP-A No. 2003-272860 discloses lamination of a
plurality of light emitting layers and describes that the
brightness and the light emitting efficiency are improved by
adjusting the distance of a reflection electrode and a light
source nearer to the reflection electrode to be YA and the
distance of the reflection electrode and a light source
remoter from the reflection electrode to be %A in the two
light sources. The light intensity to the front face direction
is certainly increased to the maximum by setting as
described above, however the intensity is contrarily
decreased in a slanting direction (e.g. at 60°) and the visible
angle dependency becomes significant and the display qual-
ity is considerably lowered.

[0016] Improved Synthesis of 1,4,5,8.9,12-Hexaazatriph-
enylenehexacarboxylic acid, SYNTHESIS, April, 1994, p.
378-380, discloses a synthetic method of hexaazatriph-
enylene derivative to be used in the invention.

SUMMARY OF THE INVENTION

[0017] A first purpose of the invention is to provide an
organic EL element comprising a plurality of layered light
emitting units and in which the cavity is easily adjusted
without changing the film thickness in the respective light
emitting units and an organic EL display device employing
the organic EL element.

[0018] A second purpose of the invention is to provide an
organic EL element and an organic EL display device in
which the cavity can be adjusted and which have a high light
emitting efficiency; can lower the driving voltage; and can
improve the reliability.

[0019] A third purpose of the invention is to provide an
organic EL element whose visible angle dependency can be
lowered.

FIRST ASPECT OF THE INVENTION

[0020] An organic EL element of the invention comprises
a cathode, an anode, and a plurality of light emitting units
arranged between the cathode and the anode via an intet-
mediate unit and is characterized in that the organic EL
element is further provided with a cavity adjustment layer
for adjusting the optical distance from the light emitting
positions of the respective light emitting units to the anode
and an electron extracting layer formed adjacent to the
cavity adjustment layer in a light emitting unit side between
the light emitting unit nearest to the anode and the anode.

[0021] In the invention, the cavity adjustment layer is
formed between the light emitting unit nearest to the anode
and the cathode and the optical distance from the light
emitting positions of the respective light emitting units to the
anode can be adjusted by adjusting the film thickness of the
cavity adjustment layer. Therefore, without changing the
film thickness of the respective light emitting units, the
cavity can be adjusted. Accordingly, without significantly
changing the element properties, the cavity can be adjusted.
Consequently, according to the invention, optical interfer-
ence between an optical path in the case where light is
emitted from the light emitting positions of respective light
emitting units to side of the anode, which is a transparent
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electrode, and an optical path in the case where light is
emitted to the cathode and reflected by the cathode, which
is a reflective electrode, to the anode side can be adjusted
and the light extraction quantity from the element can be
increased.

[0022] In the invention, the electron extracting layer is
formed adjacently to the cavity adjustment layer in the light
emitting unit side in the cavity adjustment layer. The elec-
tron extracting layer extracts an electron from the neighbor-
ing layer in the light emitting unit side and supplies a hole
generated thereby to the light emitting unit side and the
extracted electron to the anode side. The layer neighboring
to the electron extracting layer may be a layer which is
contained in a light emitting unit or a layer which is not
contained in a light emitting unit. That is, the electron
extracting layer may be adjacent to the light emitting units
or may be adjacent to a layer other than the light emitting
unit.

[0023] Formation of the electron extracting layer in the
light emitting unit side of the cavity adjustment layer makes
it possible to prolong the life of the organic EL element.

[0024] In the invention, the optical distance from the light
emitting positions from the respective light emitting units to
the anode is adjusted by adjusting the film thickness of he
cavity adjustment layer. Therefore, a material composing the
cavity adjustment layer is preferable to be a material which
scarcely affects the light emitting property by the alteration
of the film thickness. Generally. if the film thickness of an
organic layer composing the organic EL element becomes
thicker, the driving voltage may be increased higher and the
light emitting efliciency may be decreased more. In terms of
suppression of such an effect, the material to be used for
composing the cavity adjustment layer in the invention is
preferably a material having a carrier mobility of 1x10~
em?/Vs or higher and more preferably a material having a
carrier mobility of 1x10™* cm?/Vs or higher.

[0025] The cavity adjustment layer in the invention is
preferable to be formed using a hole transporting material
and accordingly the hole mobility is preferably 1x107°
cm*Vs or higher and more preferably 1x10™* cm*Vs or
higher. The carrier mobility can be measured by Time of
Flight method.

[0026] In order to output the light outside from the light
emitting units without loss, the cavity adjustment layer of
the invention is preferable to have a refraction index in a
range from 1.6 to 1.8 in consideration of the conformity with
other organic layers. The refraction index can be measured,
for example, by forming a thin film, an object to be mea-
sured, with a thickness of 100 nm on a silicon substrate and
carrying out the measurement by using an ellipsometer. As
a light source of the ellipsometer, for example, a He—Ne
laser with an output of 1 mW (wavelength of 632.8 nm) can
be employed.

[0027] The material composing the cavity adjustment
layer in the invention is preferably a material which can
transmit 50% or more visible light with wavelength in a
range from 400 nm to 700 nm in the case where the thickness
is 1 um. Accordingly, light from the respective light emitting
units is prevented from absorption in the cavity adjustment
layer and therefore from considerable attenuation.

[0028] The cavity layer in the invention, as described
above, can be formed using, for example, a hole transporting
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material. As the hole transporting material may be an
arylamine type hole transporting material.

[0029] In the invention a second electron extracting layer
may be formed adjacently to the cavity adjustment layer in
the anode side. The heat resistance and the light fastness of
the organic EL element can be improved by forming the
second electron extracting layer in the anode side.

[0030] The electron extracting layer in the invention may
be formed, for example, using a pyrazine derivative defined
by the following structural formula:

wherein Ar denotes an aryl group; R denotes hydrogen; an
alkyl, an alkyloxy, or an dialkylamine group having 1 to 10
carbon atoms; or F, Cl, Br, I, or CN,

[0031] In the invention, more preferably, the electron
extracting layer may be formed using a hexaazatriphenylene
derivative defined by the following structural formula:

—N

N\ / N
R>_<R

wherein R denotes hydrogen; an alkyl, an alkyloxy, or an
dialkylamine group having 1 to 10 carbon atoms; or F, Cl,
Br, I, or CN.

[0032] In the organic EL element of the invention, a
plurality of light emitting units are formed between a
cathode and an anode. These light emitting units are layered
via an intermediate unit. It is preferable for each interme-
diate unit to comprise an electron extracting layer for
extracting an electron from an adjacent layer adjoining the
cathode side and an electron injecting layer adjacent to the
anode side in the electron extracting layer. Also, it is
preferable that the absolute value of an energy level [ LUMO
(A) of the lowest unoccupied molecular orbital (LUMO) of
the electron extracting layer and the absolute value of an
energy level [ HOMO (B)| of the highest occupied molecular
orbital (HOMO) of the adjacent layer are in the relationship
of [HOMO (B)|-|[LUMO (A)|£1.5 eV, and that the absolute
value of an energy level [LUMO (C)| of the lowest unoc-
cupied molecular orbital (LUMO) or the absolute value of
the work function [WF (C)| of the electron injecting layer is
lower than [LUMO (A)|.
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[0033] An intermediate unit supplies a hole generated by
extraction of an electron from an adjacent layer by the
electron extracting layer formed in the intermediate unit to
the light emitting unit positioned in the cathode side and, at
the same time, supplies the extracted electron to the light
emitting unit positioned in the anode side via the electron
injecting layer.

[0034] Hereinafter, in the explanation of the intermediate
units, the light emitting unit positioned in the cathode side
is called as the first light emitting unit and the light emitting
unit positioned in the anode side is called as the second light
emitting unit.

[0035] As described above, it is preferable that the abso-
lute value of the energy level HOMO (B)| of HOMO of the
adjacent layer and the absolute value of the energy level
ILUMO (A)| of LUMO of the electron extracting layer are in
the relationship of |[HOMO (B)|-[LUMO (A)|£1.5 eV and
that the energy level of LUMO of the electron extracting
layer is an approximate value to the energy level of the
HOMO of the adjacent layer, in the intermediate unit.
Accordingly, the electron extracting layer can extract an
electron from the adjacent layer. Owing to the extraction of
an electron from the adjacent layer, a hole is generated in the
adjacent layer. In the case where the adjacent layer is formed
in the first light emitting unit, a hole is generated in the first
light emitting unit. In the case where the adjacent layer is
formed between the electron extracting layer and the first
light emitting unit; that is, the adjacent layer is formed in the
intermediate unit; a hole generated in the adjacent layer is
supplied to the first light emitting unit. The hole supplied to
the first light emitting unit is recombined with an electron
from the cathode and accordingly, the first light emitting umt
emits light.

[0036] On the other hand, the electron extracted by the
electron extracting layer moves to the electron injecting
layer and is supplied to the second light emitting unit from
the electron injecting laver and recombined with the hole
supplied from the anode and accordingly, the second light
emitting unit emits light.

[0037] Inthe intermediate unit, to extract the electron from
the adjacent layer by the electron extracting layer, it is
preferable that the energy level of LUMO of the electron
extracting layer is closer to the energy level of HOMO of the
adjacent layer than the energy level of LUMO of the
adjacent layer. That is, the absolute value of the energy level
ILUMO (B)| of LUMO of the adjacent layer is preferable to
satisfy the following relationship:

[HOMO (B)|-|LUMO (4)|<[LUMO (4)|-|LUMO (B).

[0038] Also, since the absolute value of the energy level of
LUMO of the material to be used for the electron extracting
layer is generally smaller than the absolute value of the
energy level of HOMO of the adjacent layer, the absolute
values of the respective energy levels in this case are
expressed as the following formula:

0 eV<HOMO (B)|-|[LUMO (4)|£1.5 &V.

[0039] The absolute value of the energy level |[LUMO (C)|
of LUMO or the absolute value of the work function |WF
(C)| of the electron injecting layer is preferable to be lower
than the absolute value of the energy level |LUMO (A)| of
LUMO of the electron extracting layer and accordingly, the
electron extracted from the electron extracting layer moves
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to the electron injecting layer and is supplied to the second
light emitting unit via the electron injecting layer.

[0040] Ttis preferable that an electron transporting layer is
formed between the electron injecting layer in the interme-
diate unit and the second light emitting unit. The absolute
value of the energy level [LUMO (D)| of LUMO of the
electron transporting layer is preferable to be lower then the
absolute value of the energy level [LUMO (C)| of LUMO or
the absolute value of the work function |WF (C)| of the
electron injecting layer. In the case where the electron
transporting layer is formed, the electron which moves to the
electron injecting layer is supplied to the second light
emitting unit via the electron transporting layer. Accord-
ingly, the intermediate unit supplies the electron which the
electron extracting layer extracts to the second light emitting
unit via the electron injecting layer and the electron trans-
porting layer.

[0041] The electron extracting layer in the intermediate
unit may be formed using the material same as the material
for the electron extracting layer formed adjoining the above-
mentioned cavity adjustment layer of the invention. That is,
the layer may be formed using a pyrazine derivative defined
by the above-mentioned structural formula or more prefer-
ably using a hexaazatriphenylene derivative defined by the
above-mentioned structural formula.

[0042] The electron injecting layer of the intermediate unit
1s preferable to be formed using, for example, an alkali metal
such as Li and Cs, an alkali metal oxide such as Li,O, an
alkaline earth metal, or an alkaline earth metal oxide.

[0043] The electron transporting layer of the intermediate
unit may be formed using a material used generally as the
material for the electron transporting layer in the organic EL
element. For example, a metal chelate complex such as a
tris(8-quinolinate)aluminum derivative, or an o-, m-, or
p-phenanthroline derivative, or a silole derivative, or an
oxadiazole derivative, or a triazole derivative can be exem-
plified.

[0044] Each of the light emitting units in the invention
may comprise a single light emitting layer or a plurality of
light emitting layers which are lavered directly. For
example, each light emitting unit may be a white-emitting
unit formed by layering a blue emitting layer and an orange
emitting layer.

[0045] The light emitting layer composing the light emit-
ting units of the invention is preferable to comprise a host
material and a dopant material. If necessary, it may contain
a second dopant material having a carrier transporting
property. The dopant material may be a singlet light emitting
material or a triplet light emitting material (a phosphorescent
emitting material).

[0046] A bottom emission-type organic electrolumines-
cent display device in accordance with the invention com-
prises organic electroluminescent elements each having an
element structure sandwiched between an anode and a
cathode, and an active matrix driving substrate having each
active element for supplying a display signal for each
display pixel to the organic electroluminescent elements, in
which each organic electroluminescent element is provided
on the active matrix driving substrate and, between the
cathode and the anode, an electrode provided on the sub-
strate side is a transparent electrode, and is characterized in
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that each of the organic electroluminescent element is pro-
vided with a cathode, an node, a plurality of light emitting
units arranged between the cathode and the anode via
intermediate units, a cavity adjustment layer formed
between the light emitting unit nearest to the anode and the
anode, and an electron extracting layer formed adjacently to
the cavity adjustment layer in the light emitting unit side and
the optical distance from the light emitting position of each
light emitting unit to the anode is adjusted by adjusting the
film thickness of the cavity adjustment layer.

[0047] A top emission-type organic electroluminescent
display device in accordance with the invention comprises
organic electroluminescent elements each having an element
structure sandwiched between an anode and a cathode, an
active matrix driving substrate having each active element
for supplying a display signal for each display pixel to the
organic electroluminescent elements, and a transparent seal-
ing substrate provided opposite to the active matrix driving
substrate, in which each organic electroluminescent element
is arranged between the active matrix driving substrate and
the sealing substrate and, between the cathode and the
anode, the electrode provided on a sealing substrate side is
a transparent electrode, and is characterized in that each
organic electroluminescent element is provided with a cath-
ode, an anode, a plurality of light emitting units arranged
between a cathode and an anode via intermediate units, a
cavity adjustment layer formed between the light emitting
unit nearest to the anode and the anode, and an electron
extracting layer formed adjacently to the cavity adjustment
layer in the light emitting unit side and the optical distance
from the light emitting position of each light emitting unit to
the anode is adjusted by adjusting the film thickness of the
cavity adjustment layer.

[0048] In the case where an organic electroluminescent
element is a white emitting element, it is preferable to install
a color filter. In the case of the bottom emission-type organic
EL display device, it is preferable that the color filter is
installed between the active matrix driving substrate and the
organic EL elements. In the case of the top emission-type
organic EL display device, it is preferable that the color filter
is installed between the sealing substrate and the organic EL
elements.

[0049] In the case of a top emission type display device,
the light emitted from an organic EL element is emitted out
of the sealing substrate on the opposite to the side where the
active matrix is formed. Generally, the active matrix circuit
is formed by layering a large number of layers and in the
case of the bottom emission type, due to the existence of the
active matrix driving substrate, the emitted light is attenu-
ated, however in the case of the top mission type, light can
be emitted without being affected by the active matrix
circuit.

[0050] The light emitting device of the invention is char-
acterized in that the above-mentioned organic electrolumi-
nescent elements of the invention are employed.

SECOND ASPECT OF THE INVENTION

[0051] An organic EL element of the invention comprises
a cathode, an anode, an intermediate unit arranged between
the cathode and the anode, a first light emitting unit arranged
between the cathode and the intermediate unit, a second light
emitting unit arranged between the anode and the interme-
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diate unit, and a cavity adjustment unit arranged between the
intermediate unit and the second light emitting unit, while
adjoining the intermediate unit and is characterized in

[0052] that the intermediate unit comprises a first electron
extracting layer for extracting an electron from the cavity
adjustment unit and an electron injecting layer adjoining the
anode side of the first electron extracting layer:

[0053] that the cavity adjustment unit is formed adjoining
the cathode side of the first electron extracting layer and
comprises a first cavity adjustment layer from which an
electron is extracted by the first electron extracting layer and
a second electron extracting layer for extracting an electron
from an electron supply layer adjoining the cathode side:

[0054] that the absolute value of an energy level [LUMO
(B)| of the lowest unoccupied molecular orbital (LUMO) of
the first electron extracting layer and the absolute value of an
energy level HOMO (A)| of the highest occupied molecular
orbital (HOMO) of the first cavity adjustment layer are in the
relationship of [HOMO (A)|-[LUMO (B)|£1.5 eV and the
absolute value of an energy level |[LUMO (C)| of the lowest
unoccupied molecular orbital (LUMO) or the absolute value
of the work function [WF (C)| of the electron injecting layer
is lower than [LUMO (B)|: and

[0055] that the absolute value of an energy level [LUMO
(D) of the lowest unoccupied molecular orbital (LUMO) of
the second electron extracting layer and the absolute value
of an energy level [HOMO (E)| of the highest occupied
molecular orbital (HOMO) of the electron supply layer are
in the relationship of [HOMO (E)|-|LUMO (D)|£1.5 eV and
the absolute value of an energy level [LUMO (A)| of the
lowest unoccupied molecular orbital (LUMO) of the first
cavity adjustment layer and |LUMO (D)| are in the relation-
ship of [LUMO (A)|£[LUMO (D).

[0056] In this invention, the intermediate unit is formed
between the first light emitting unit and the second light
emitting unit and the cavity adjustment unit is formed
between the intermediate unit and the first light emitting
unit, while adjoining the intermediate unit. Accordingly, the
cavity can be adjusted by adjusting the film thickness of the
cavity adjustment unit. The light emitted in the second light
emitting unit is transmitted through the intermediate unit,
the cavity adjustment unit and the first light emitting unit and
reflected by the cathode generally formed to be a metal thin
film and again transmitted through the first light emitting
unit, the cavity adjustment unit, the intermediate unit, the
first light emitting unit, and the anode and emitted outside.
Accordingly, the cavity of the light emitted in the second
light emitting unit can be efficiently adjusted by adjusting
the film thickness of the cavity adjustment unit.

[0057] The intermediate unit comprises a first electron
extracting layer for extracting an electron from the cavity
adjustment unit and an electron injecting layer adjoining the
anode side of the first electron extracting layer.

[0058] The cavity adjustment unit comprises a first cavity
adjustment layer formed adjoining the cathode side of the
first electron extracting layer and from which an electrode is
extracted by the first electron extracting layer and a second
electron extracting layer for extracting an electron from the
electron supply layer positioned in the cathode side.

[0059] Inthe intermediate unit, the [LUMO (B)| of the first
electron extracting layer and the [HOMO (A)| of the first
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cavity adjustment layer are in the relationship of [LUMO
(A)-LUMO B)|S1.5eV . .. (1).

[0060] Accordingly, the first electron extracting layer can
easily extract an electron from the neighboring first cavity
adjustment layer.

[0061] Also, the [LUMO (C)| or the |WF (C)| of the
electron injecting layer adjoining the anode side of the first
electron extracting layer and the [LUMO (B)| of the first
electron extracting layer are in the relationship of LUMO
(C)) or WF (O))E|LUMO (B)| . . . (2). Accordingly, an
electron extracted by the first electron extracting layer is
supplied to the electron injecting layer and then to the
second light emitting unit from the electron injecting layer.

[0062] The [LUMO (D) of the second electron extracting
layer and the [HOMO (E)| of the electron supply layer
adjoining the cathode side of the second electron extracting
layer in the cavity adjustment unit are in the relationship of
H HOMO (E)-LUMO (B)£15eV ... (3).

[0063] Accordingly, the second electron extracting layer
can easily extract an electron from the electron supply layer.
Also, the [LUMO (A)| of the first cavity adjustment layer and
the |[LUMO (D)| of the second electron extracting layer are
in the relationship of [LUMO (A)|£|LUMO (D)| . . . (4).
Accordingly, an electron extracted by the second electron
extracting layer is blocked by the first cavity adjustment
layer and the electron is accumulated in the second electron
extracting layer. Therefore, it is supposed to be possible that
a high electric field is locally applied and the energy band is
changed due to the high electric field and even if the film
thickness of the first cavity adjustment layer is made thick,
the driving voltage is prevented from becoming high.

[0064] In the intermediate unit of the invention, the first
electron extracting layer extracts an electron from the first
cavity adjustment layer of the cavity adjustment unit and
supplies the extracted electron to the second light emitting
unit in the anode side via the electron extracting layer. In the
second light emitting unit, a hole supplied from the anode is
bonded with the electron to emit light. On the other hand, a
hole is generated in the first cavity adjustment layer from
which the electron is extracted.

[0065] In the cavity adjustment unit, the second electron
extracting layer extracts an electron from the adjacent elec-
tron supply layer and the extracted electron is accumulated
in the second electron extracting layer as described above
and accordingly, a high electric field is locally generated.
The electron accumulated in the second electron extracting
layer is bonded with a hole generated in the first cavity
adjustment layer. In the electron supply layer from which the
electron is extracted, a hole is generated and the hole is
supplied to the first light emitting unit in the cathode side
and bonded with the electron supplied from the cathode and
thus the first light emitting unit emits light.

[0066] As described above, in the invention, since an
electron is supplied to the second light emitting units in the
anode side from the intermediate unit and the cavity adjust-
ment unit and a hole is supplied to the first light emitting unit
in the cathode side, light emission is carried out efficiently
in the respective light emitting units. Also, as described
above, an electron is accumulated in the second electron
extracting layer, so that a high electric field is locally
applied. Therefore, even if the film thickness of the first
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cavity adjustment layer in the cavity adjustment unit is made
thick, increase of the driving voltage is suppressed and
accordingly, a high light emitting efficiency can be obtained.

[0067] Further, in the invention, as described above, an
electron is blocked by the first cavity adjustment layer of the
cavity adjustment unit. Accordingly, since supply of an
excess quantity of electrons to the anode side can be
prevented, the element life can be prolonged and the reli-
ability of the element can be heightened.

[0068] In the invention, the electron supply layer is pref-
erable to be formed using a hole transporting material. If the
light emitting layer to be formed in the first light emitting
unit contains the hole transporting material as a host mate-
rial, the light emitting layer may be used as the electron
supply layer. Accordingly, the electron supply layer may be
formed in the first light emitting unit in the invention.

[0069] Also, in the invention, the electron supply layer
may be a second cavity adjustment layer to be formed in the
cavity adjustment unit. In this case, in addition to the first
cavity adjustment layer, the second cavity adjustment layer
can be made to have a thick film thickness and may be used
for adjusting the cavity.

[0070] The first and the second cavity adjustment layers in
the invention are preferable to be formed using a hole
transporting material. Such a hole transporting material
includes tertiary arylamine type materials.

[0071] Also, in the invention, the cavity adjustment unit
may be composed by combining the first cavity adjustment
layer and the second electron extracting layer and may
comprise a plurality of repeating units of these layers. That
is, the cavity adjustment unit may have a layered structure
of first cavity adjustment layer/second electron extracting
layer/first cavity adjustment layer/second electron extracting
layer or a layered structure of first cavity adjustment layer/
second electron extracting layer/first cavity adjustment
layer/second electron extracting layer/first cavity adjustment
layer/second electron extracting layer. The preferable film
thickness of the cavity adjustment layer is generally in a
range from 10 to 700 nm. If the film thickness of the cavity
adjustment layer is too thick, it results in occurrence of
problems that the driving voltage becomes to high and that
the light emitting efficiency is lowered. Therefore, in the
case where the film thickness of the cavity adjustment layer
is to be thicker than the above-mentioned range, it is
preferable to properly insert a second electron extracting
layer and form a plurality of repeating units of the first cavity
adjustment layer and the second electron extracting layer.

[0072] Also, in the invention, an electron transporting
layer may be formed between the electron injecting layer of
the intermediate unit and the second light emitting unit. The
absolute value of an energy level [LUMO (F)| of the lowest
unoccupied molecular orbital (LUMO) of the electron trans-
porting layer is set to be lower than the |[LUMO (C)| or the
IWE ().

[0073] Inthe invention, the HOMO (A)| of the first cavity
adjustment layer and the HOMO (D)) of the second electron
extracting layer are preferable to be in the relationship of
|[HOMO (A)|£|[HOMO (D)| . . . (5)

[0074] Ifthe above-mentioned formula (5) is satisfied, it is
supposed that a hole is accumulated in the interface of the
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first cavity adjustment layer and the second electron extract-
ing layer and accordingly, a high electric field can be locally
applied and the driving voltage can be lowered.

[0075] In the invention, as a material for forming the first
and/or the second electron extracting layers, a pyrazine
derivative defined by the following structural formula can be
exemplified:

wherein Ar denotes an aryl group; R denotes hydrogen; an
alkyl, an alkyloxy, or an dialkylamine group having 1 to 10
carbon atoms; or F, Cl, Br, I, or CN.

[0076] Also, in the invention, it is more preferable to use
a hexaazatriphenylene derivative defined by the following
structural formula for the material for forming the first
and/or the second electron extracting layers:

—N

N\ /N
R>_<R

wherein R denotes hydrogen; an alkyl, an alkyloxy, or an
dialkylamine group having 1 to 10 carbon atoms; or F, Cl,
Br, I, or CN.

[0077] Inthe invention, the first and/or the second electron
extracting layers may be doped with an electron extraction-
promoting material for promoting the electron extraction.
The absolute value of an energy level |[LUMO (G)| of the
lowest unoccupied molecular orbital (LUMO) of the elec-
tron extraction-promoting material is preferable to satisfy
the following relationship: |[HOMO (A)| or HOMO
(B)|Z[LUMO (G) Z[LUMO (B)| or [LUMO (D)| . . . (6).

[0078] The difference between [HOMO (A)| and |[LUMO
(G)| or the different between |[HOMO (E)| and [LUMO (G)|
is preferably 1.5 eV or lower. Even if the difference between
|[HOMO (A)| and [LUMO (B) or the different between
|[HOMO (E)| and [LUMO (D) becomes higher than 1.5 eV,
for example, 2.0 eV, the electron extraction by the electron
extracting layer can be easily carried out by controlling the
difference as described above.

[0079] The first light emitting unit and the second light
emitting unit in the invention may independently comprise
a single light emitting layer or may have a layered structure
formed by layering a plurality of the light emitting layers.
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For example, they may independently be a white emitting
unit formed by layering an orange emitting layer or a blue
emitting layer.

[0080] An organic electroluminescent display device in
accordance with the invention is a bottom emission type
organic electroluminescent display device comprising
organic electroluminescent elements each having an element
structure sandwiched between an anode and a cathode, and
an active matrix driving substrate having each active ele-
ment for supplying a display signal for each display pixel to
the organic electroluminescent elements, in which each
organic electroluminescent element is provided on the active
matrix driving substrate and, between the cathode and the
anode, an electrode provided on the substrate side is a
transparent electrode, and is characterized in that each
organic electroluminescent element comprises the cathode,
the anode, an intermediate unit arranged between the cath-
ode and the anode, a first light emitting unit arranged
between the cathode and the intermediate unit, a second light
emitting unit arranged between the anode and the interme-
diate unit, and a cavity adjustment unit arranged between the
intermediate unit and the second light emitting unit, while
adjoining the intermediate unit: that the intermediate unit
comprises a first electron extracting layer for extracting an
electron from the cavity adjustment unit and an electron
injecting layer adjoining the anode side of the first electron
extracting layer: that the cavity adjustment unit is formed
adjoining the cathode side of the first electron extracting
layer and comprises a first cavity adjustment layer from
which an electron is extracted by the first electron extracting
layer and a second electron extracting layer for extracting an
electron from the electron supply layer adjoining the cathode
side: and that the absolute value of an energy level [LUMO
(B)| of the lowest occupied molecular orbital (LUMO) of the
first electron extracting layer and the absolute value of an
energy level HOMO (A)| of the highest occupied molecular
orbital (HOMO) of the first cavity adjustment layer are in the
relationship of [HOMO (A)|-|[LUMO (B)|£ 1.5 eV the abso-
lute value of an energy level [LUMO (C)| of the lowest
unoccupied molecular orbital (LUMO) or the absolute value
of the work function [WF (C)| of the electron injecting layer
is lower than |[LUMO (B)]; the absolute value of an energy
level [LUMO (D)| of the lowest unoccupied molecular
orbital (LUMO) of the second electron extracting layer and
the absolute value of an energy level [HOMO (E)| of the
highest occupied molecular orbital (HOMO) of the electron
supply layer are in the relationship of [HOMO (E) |-|LUMO
(D) =1.5 eV, and the absolute value of an energy level
ILUMO (A)| of the lowest unoccupied molecular orbital
(LUMO) of the first cavity adjustment layer and the [LUMO
(D) are in the relationship of [LUMO (A)|£|LUMO (D)|.

[0081] Intheabove-mentioned organic electroluminescent
display device of the invention, if each organic EL element
is a white emitting element, a color filter may be arranged
between the organic EL element and the substrate to make
the display device as a color display device.

[0082] An organic electroluminescent display device in
accordance with another aspect of the invention is a top
emission type organic electroluminescent display device
comprising organic electroluminescent elements each hav-
ing an element structure sandwiched between an anode and
a cathode, an active matrix driving substrate having each
active element for supplying a display signal for each
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display pixel to the organic electroluminescent elements,
and a transparent sealing substrate provided opposite to the
active matrix driving substrate, in which each organic elec-
troluminescent element is arranged between the active
matrix driving substrate and the sealing substrate and,
between the cathode and the anode, the electrode provided
on a sealing substrate side is a transparent electrode, and is
characterized in that each organic electroluminescent ele-
ment comprises the cathode, the anode, an intermediate unit
arranged between the cathode and the anode, a first light
emitting unit arranged between the cathode and the inter-
mediate unit, a second light emitting unit arranged between
the anode and the intermediate unit, and a cavity adjustment
unit arranged between the intermediate unit and the second
light emitting unit, while adjoining the intermediate unit:
that the intermediate unit comprises a first electron extract-
ing layer for extracting an electron from the cavity adjust-
ment unit and an electron injecting layer adjoining the anode
side of the first electron extracting layer: that the cavity
adjustment unit is formed adjoining the cathode side of the
first electron extracting layer and comprises a first cavity
adjustment layer from which an electron is extracted by the
first electron extracting layer and a second electron extract-
ing layer for extracting an electron from the electron supply
layer adjoining the cathode side: and that the absolute value
of an energy level [LUMO (B) of the lowest unoccupied
molecular orbital (LUMO) of the first electron extracting
layer and the absolute value of an energy level HOMO (A))|
of the highest occupied molecular orbital (HOMO) of the
first cavity adjustment layer are in the relationship of
[HOMO (A)|-LUMO (B)|£1.5 eV; the absolute value of an
energy level [LUMO (C)| of the lowest unoccupied molecu-
lar orbital (LUMO) or the absolute value of the work
function [WF (C)| of the electron injecting layer is lower than
ILUMO (B)|; the absolute value of an energy level [LUMO
(D)| of the lowest unoccupied molecular orbital (LUMO) of
the second electron extracting layer and the absolute value
of an energy level [HOMO (E)| of the highest occupied
molecular orbital (HOMO) of the electron supply layer are
in the relationship of [HOMO (E)-|LUMO (D)|£1.5 eV;
and the absolute value of an energy level [LUMO (A)| of the
lowest unoccupied molecular orbital (LUMO) of the first
cavity adjustment layer and the [LUMO (D)| are in the
relationship of [LUMO (A)|Z£|LUMO (D)|.

[0083] Intheabove-mentioned organic electroluminescent
display device, if each organic EL element is a white
emitting element, a color filter may be arranged between the
organic EL element and the sealing substrate to make the
display device as a color display device.

[0084] Since the organic EL display device of the inven-
tion comprises the above-mentioned organic EL elements of
the invention, the cavity can be adjusted for every light
emitting color and the driving voltage can be lowered to save
the power consumption. Further, the organic EL display
device is provided with a high reliability.

THIRD ASPECT OF THE INVENTION

[0085] An organic electroluminescent element of the
invention comprises a reflective electrode, a light output side
electrode, a first light emitting layer and a second light
emitting layer arranged between the reflective electrode and
the light output side electrode and is characterized in that the
optical distance between the light emitting position of the
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first light emitting layer and the reflection face of the
reflective electrode is (nw/x)A and the optical distance
between the light emitting position of the second light
emitting layer and the reflection face of the reflective
electrode is [(n+m)/2x]Jh, wherein A denotes the mean
wavelength of a desired light emission; n is an odd number;
m is an even number; and X is a natural number.

[0086] The light emission intensity from the first light
emitting layer in the front direction of each organic EL
element is made to be the maximum and the light emission
intensity from the second light emitting layer in the direction
at a visible angle 60° of each organic EL element is made to
be the maximum by adjusting the optical distance between
the light emitting position of the first light emitting layer and
the reflection face of the reflective electrode to be (n/x)A and
the optical distance between the light emitting position of
the second light emitting layer and the reflection face of the
reflective electrode to be [(n+m)/2x)]h according to the
invention. That is, since the light emission intensity from the
first light emitting layer in the front direction of each organic
EL element is made to be the maximum and the light
emission intensity from the second light emitting layer in the
direction at a visible angle 60° of each organic EL element
is made to be the maximum, the visible angle-dependency
can be lowered.

[0087] FIG. 8 shows a schematic view for illustrating the
above-mentioned functional effect. In FIG. 8, the light
emitting position of the first light emitting layer is defined as
a light source 101 and the light emitting position of the
second light emitting layer as a light source 102. The optical
distance between the light source 101 and the reflection
surface 103 of the reflective electrode is set to be (/x)A and
the optical distance between the light source 102 and the
reflection surface 103 of the reflective electrode is set to be
[(n+m)/2x)]A.

[0088] As shown in FIG. 8, in the direction at a visible
angle of 60°, the optical distance between the light source
101 and the reflection surface 103 of the reflective electrode
is set to be (20/x), and the optical distance between the light
source 102 and the reflection surface 103 of the reflective
electrode is set to be [(n+m)/x)]. Accordingly, in the front
direction, the optical distance between the light source 101
and the reflection surface 103 of the reflective electrode is as
long as an odd number times of the mean wavelength A of
the desired light emission and thus the optical distance
satisfies the resonance condition to give the maximum light
emission intensity.

[0089] On the other hand, in the direction at a visible angle
of 60°, the optical distance between the light source 102 and
the reflection surface 103 of the reflective electrode is as
long as an odd number times of the mean wavelength A of
the desired light emission and thus the light emission
intensity from the light source 102 becomes the maximum.

[0090] Accordingly, it is made possible that the light
emission intensity in the front direction from the first light
emitting layer becomes the maximum and the light emission
intensity in the direction at a visible angle of 60° from the
second light emitting layer becomes the maximum, so that
the visible angle-dependency can be lowered.

[0091] Additionally, although the light source 101 is set
nearer to the reflection surface 103 of the reflective electrode
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than the light source 102, the invention is not particularly
limited to that, but the light source 102, that is, the light
emitting position of the second light emitting layer may be
positioned nearer to the reflection surface 103 of the reflec-
tive electrode than the light source 101, that is, the light
emitting position of the first light emitting layer.

[0092] In the invention, the first light emitting layer and
the second light emitting layer are preferable to be layered
via an intermediate unit.

[0093] In the case where the first light emitting layer is
arranged between the reflective electrode and the interme-
diate unit and the second light emitting layer is arranged
between the light output side electrode and the intermediate
unit, it is preferable that the first cavity adjustment layer is
formed between the reflective electrode and the first light
emitting layer and that the second cavity adjustment layer is
formed between the intermediate unit and the second light
emitting layer. The optical distance between the light emit-
ting position of the first light emitting layer and the reflection
surface of the reflective electrode and the optical distance
between the light emitting position of the second light
emitting layer and the reflection surface of the reflective
electrode can be easily adjusted by adjusting the film thick-
ness of the first cavity adjustment layer and the second
cavity adjustment layer.

[0094] The first cavity adjustment layer and the second
cavity adjustment layer are preferable to be formed using a
hole transporting material.

[0095] Also, in the invention, the intermediate unit is
preferable to comprise an electron extracting layer, an elec-
tron injecting layer, and an electron transporting layer. In the
invention, one of the reflective electrode and the light output
side electrode is the anode and the other is the cathode and
in the intermediate unit, the electron extracting layer is
installed in the cathode side and the electron injecting layer
is formed while adjoining the anode side of the electron
extracting layer. The electron transporting layer is installed
adjoining the anode side of the electron injecting layer.

[0096] In the intermediate unit composed as described
above-mentioned, the electron extracting layer extracts an
electron from the adjacent layer adjoining the anode side and
supplies the extracted electron to the anode side via the
electron injecting layer and the electron transporting layer
and a hole generated in the adjacent layer by the electron
extraction is supplied to the cathode side. Therefore, light
emission is carried out at a high efficiency in the light
emitting layers in both sides sandwiching the intermediate
unit.

[0097] Tt is preferable that the absolute value of an energy
level |[LUMO (A)| of the lowest unoccupied molecular
orbital (LUMO) of the electron extracting layer and the
absolute value of an energy level [ HOMO (B)| of the highest
occupied molecular orbital (HOMO) of the adjacent layer
are in the relationship of [HOMO (B)|-|LUMO (A)|£1.5eV
and that the absolute value of an energy level [LUMO (C)|
of the lowest unoccupied molecular orbital (LUMQO) or the
absolute value of the work function [WF (C)| of the electron
injecting layer is lower than [LUMO (A)|.

[0098] The intermediate unit supplies a hole generated by
electron extraction from the adjacent layer by the electron
extracting layer formed in the intermediate unit to the light
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emitting unit positioned in the cathode side and at the same
time supplies the extracted electron to the light emitting unit
positioned in the anode side via the electron injecting layer.

[0099] Hereinafter, in the description of the intermediate
unit, the light emitting layer positioned in the cathode side
is called as the first light emitting layer and the light emitting
layer positioned in the anode side is called as the second
light emitting layer.

[0100] As described above, the absolute value of an
energy level [HOMO (B)| of HOMO of the adjacent layer
and the absolute value of an energy level [LUMO (A)| of
LUMO of the electron extracting layer are in the relationship
of [HOMO (B)-[LUMO (A)|£1.5 eV and it is preferable
that the energy level of LUMO of the electron extracting
layer is a near value to the energy level of HOMO of the
adjacent layer, in the intermediate unit. Accordingly, the
electron extracting layer can extract an electron from the
adjacent layer. Due to the electron extraction from the
adjacent layer, a hole is generated in the adjacent layer. In
the case where the adjacent layer is formed in the first light
emitting layer, the hole is generated in the first light emitting
layer. Also, in the case where the adjacent layer is formed
between the electron extracting layer and the first light
emitting layer, that is, the adjacent layer is formed in the
intermediate unit, the hole generated in the adjacent layer is
supplied to the first light emitting layer. The hole supplied to
the first light emitting layer is recombined with an electron
from the cathode and accordingly the first light emitting
layer emits light.

[0101] On the other hand, the electron extracted by the
electron extracting layer moves to the electron injecting
layer and is supplied to the second light emitting layer via
the electron injecting layer and the electron transporting
layer and recombined with the hole supplied from the anode
and accordingly the second light emitting layers emits light.

[0102] Inthe intermediate unit, to extract an electron from
the adjacent layer by the electron extracting layer, it is
preferable that the energy level of LUMO of the electron
extracting layer is nearer to the energy level of HOMO of the
adjacent layer than to the energy level of LUMO of the
adjacent layer. That is, it is preferable that the absolute value
of an energy level [LUMO (B)| of LUMO of the adjacent
layer satisfies the following relationship: [HOMO (B)/-
|ILUMO (A)|Z£|LUMO (A)|-|LUMO (B)|.

[0103] Also, since the absolute value of the energy level of
LUMO of the material to be used for the electron extracting
layer is generally lower than the absolute value of the energy
level of HOMO of the adjacent layer, in such a case, the
absolute values of the respective energy levels are in rela-
tionship defined by the following formula:

0 eV<JHOMO (B)|-[LUMO (4)|=1.5 V.

[0104] The absolute value of an energy level [LUMO (C)|
of LUMO or the absolute value of the work function |WF
(C)| of the electron injecting layer is preferable to be lower
than the absolute value of an energy level [LUMO (A)| of
LUMO of the electron extracting layer and accordingly the
electron extracted from the electron extracting layer moves
to the electron injecting layer and is supplied to the second
light emitting layer via the electron injecting layer and the
electron transporting layer.
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[0105] The electron transporting layer is formed between
the electron injecting layer and the second light emitting
layer in the intermediate unit. The absolute value of an
energy level [LUMO (D)| of LUMO of the electron trans-
porting layer is preferable to be lower than the absolute
value of an energy level [LUMO (C)| of LUMO or the
absolute value of the work function [WF (C)| of the electron
injecting layer. The electron moved to the electron injecting
layer is supplied to the second light emitting layer via the
electron transporting layer.

[0106] The electron extracting layer in the invention may
be formed, for example, using a pyrazine derivative defined
by the following structural formula:

N \ / N
R>_<R

wherein Ar denotes an aryl group; R denotes hydrogen; an
alkyl, an alkyloxy, or an dialkylamine group having 1 to 10
carbon atoms; or F, Cl, Br, I, or CN.

[0107] In the invention, more preferably, the electron
extracting layer may be formed using a hexaazatriphenylene
derivative defined by the following structural formula:

—N

N\ /N
R>_<R

wherein R denotes hydrogen; an alkyl, an alkyloxy, or an
dialkylamine group having 1 to 10 carbon atoms; or F, Cl,
Br, I, or CN.

[0108] Also, the electron injecting layer of the intermedi-
ate unit is preferable to be formed using, for example, an
alkali metal such as Li and Cs, an alkali metal oxide such as
Li,0, an alkaline earth metal, or an alkaline earth metal
oxide.

[0109] Further, the electron transporting layer of the inter-
mediate unit may be formed using a material used generally
as the material for the electron transporting layer in the
organic EL element. For example, a metal chelate complex
such as a tris(8-quinolinate)aluminum derivative, or an o-,
m-, or p-phenanthroline derivative, or a silole derivative, or
an oxadiazole derivative, or a triazole derivative can be
exemplified.

[0110] In the invention, the first light emitting layer and
the second light emitting layer are layered in the thickness
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direction of the element and they are respectively light
emitting layers emitting the same color. They may be
monochromic light emitting layers for emitting red (R),
green (G), or blue (B) or may be white emitting layers. In the
case of the white emitting layers, each layer may have a
structure comprising an orange emitting layer and a blue
emitting layer layered on each other.

[0111] Even if the optical distances defined in the inven-
tion are different from (n/x)A and [(n+m)/2x]]* to an extent
that the differences are within a slight range, the same effects
of the invention can be achieved. Accordingly, the optical
distances defined in the invention are allowed to have an
error margin of £10% from the above described ranges.

EFFECTS OF THE FIRST TO THE THIRD
ASPECTS OF THE INVENTION

[0112] The organic EL element of the first aspect of the
invention is an organic EL element comprising a plurality of
layered light emitting units and is capable of easily adjusting
the cavity without changing the film thickness in the respec-
tive light emitting units. Accordingly, the organic EL ele-
ment can be an organic EL element having a desired light
emitting color and high light extraction quantity from the
organic EL.

[0113] According to the second aspect of the invention, an
organic EL element in which the cavity can be adjusted and
which has a high light emitting efficiency, can lower the
driving voltage, and can heighten the reliability and an
organic EL display device using the organic EL element can
be provided.

[0114] According to the third aspect of the invention, the
visible angle dependency of an organic EL element can be
lowered by forming at least a first light emitting layer and a
second light emitting layer as a light emitting layer and
adjusting the optical distance optical distance between the
light emitting position of the first light emitting layer and the
reflection face of a reflective electrode to be (n/x)A and the
optical distance between the light emitting position of the
second light emitting layer and the reflection face of the
reflective electrode to be [(n+m)/2x)]h.

BRIEF DESCRIPTION OF DRAWINGS

[0115] FIG. 1is a schematic cross-sectional view showing
an organic EL element of one embodiment according to the
first aspect of the invention.

[0116] FIG. 2 is a graph showing the relationship between
the driving time and the light emission intensity of an
example according to the first aspect of the invention and a
reference example.

[0117] FIG. 3 is a graph showing the relationship between
the film thickness of the cavity adjustment layer and the
driving voltage.

[0118] FIG. 4is a diagram showing an organic EL display
device of one embodiment according to the first aspect of the
invention. FIG. 5 is a schematic view showing the energy
levels of LUMO and HOMO of the respective layers com-
posing the intermediate unit and the cavity adjustment unit
in one embodiment according to the second aspect of the
invention.
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[0119] FIG. 6 is a cross-sectional view showing a bottom-
emission type organic EL display device of one embodiment
according to the second aspect of the invention.

[0120] FIG. 7 is a cross-sectional view showing a top-
emission type organic EL display device of one embodiment
according to the second aspect of the invention.

[0121] FIG. 8 is a schematic view illustrating the func-
tional effect of the third aspect of the invention.

[0122] FIG. 9is a schematic cross-sectional view showing
an organic EL element of one embodiment according to the
third aspect of the invention.

[0123] FIG. 10 is a graph showing a light emission spec-
trum in the front direction and a light emission spectrum in
the direction at a visible angle of 60° of an organic EL
element of one embodiment according to the third aspect of
the invention.

[0124] FIG. 11 is a schematic cross-sectional view show-
ing an organic EL element of Comparative Example 7.

[0125] FIG. 12 is a graph showing a light emission spec-
trum in the front direction and a light emission spectrum in
the direction at a visible angle of 600 of the organic EL
element of Comparative Example 7.

DESCRIPTION OF THE PREFERRED
EXAMPLES

FIRST ASPECT OF THE INVENTION

[0126] FIG. 1is a schematic cross-sectional view showing
an organic EL element according to the invention.

[0127] An anode 1 which is formed of an ITO (an indium
tin oxide) film is formed on a glass substrate and a hole
injecting layer 2 of a fluorocarbon (CF,) layer is formed on
the anode 1. On the hole injecting layer 2, a cavity adjust-
ment layer 3 containing a hole transporting material such as
NPB is formed. On the cavity adjustment layer 3, an electron
extracting layer 4 is formed.

[0128] On the electron extracting layer 4, a first light
emitting unit 5 and a second light emitting unit 7 are formed
and an intermediate unit 6 is formed between the first light
emitting unit 5 and the second light emitting unit 7. The first
light emitting unit 5 is composed by layering a blue emitting
layer 5a on an orange emitting layer 56 and similarly, the
second light emitting unit 7 is composed by layering a blue
emitting layer 7a on an orange emitting layer 7b. Accord-
ingly, the first light emitting unit 5 and the second light
emitting unit 7 are both white emitting units.

[0129] The intermediate unit 6 is composed of an electron
transporting layer 6¢ formed on the blue emitting layer 5¢,
an electron injecting layer 65 formed on the electron trans-
porting layer 6¢, and an electron extracting layer 6a formed
on the electron injecting layer 6b.

[0130] An electron transporting layer 8 is formed on the
second light emitting unit 7 and an electron injecting layer
9 is formed on the electron transporting layer 8. A cathode
10 is formed on the electron injecting layer 9.

[0131] InExample shownin FIG. 1, the light from the first
light emitting unit 5 is radiated toward the anode 1 and also
toward the cathode 10. The light emitted to the cathode 10
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is reflected by the surface of the cathode 10 since the cathode
10 is made to be a reflective electrode and radiated toward
the anode 1 side.

[0132] Further, the light from the second light emitting
unit 7 is also radiated to toward the anode 1 side and radiated
toward the cathode 10 side and the light reflected by the
surface of the cathode 10 is radiated toward the anode 1 side.

[0133] Accordingly, to increase the quantity of the light
radiated form the organic EL element by adjusting the
interference of these light rays, it is required to adjust the
cavity. In the invention, since the cavity adjustment layer 3
is formed, the optical distances from the respective light
emitting positions of the first light emitting unit 5 and the
second light emitting unit 7 to the anode 1 can be adjusted
by adjusting the film thickness of the cavity adjustment layer
3 and thus the cavity adjustment can be easily carried out.
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[0136] Inthe invention, a second electron extracting layer
may be also formed in the cathode side. That is, a second
electron extracting layer may be formed adjacently to the
cavity adjustment layer 3 in the hole injecting layer 2 side.
Formation of the second electron extracting layer can
improve the heat resistance and the light fastness of the
element.

[Fabrication of White Emitting Element]

EXAMPLES 1 TO 7 AND REFERENCE
EXAMPLES 1 TO 5

[0137] Organic EL elements of Examples 1 to 7 and
Reference Examples 1 to 5 having the structure described
with reference to FIG. 1 were fabricated. The compositions
of the respective layers are as shown in Table 1.

TABLE 1
Second First
Hele Electron  Cavity Electron
Injecting  Extracting Adjustment Extracting  First Light Emitting
Anode Layer Layer Layer Layer Unit Intermediate Unit
ITO CFx As Shown As Shown  As Shown NPB + TBADN + BCP Li,O HAT-
in Table 2 in Table 2 in Table 2 20% 10% (15) (0.5) CN6
TBADN + NPB + (20)
3% DBzR 2% TBP
(60) (50)
Electron Electron
Transporting Injecting
Second Light Emitting Unit Layer Layer Cathode
NPB + TBADN + BCP LiF Al
20% TBADN + 10% NPB + (15) (1) (200)
3% DBzR 2% TBP
(60) (50)
[0134] Inthis Example, the intermediate unit 6 is installed ~ [0138] A fluorocarbon layer, which is a hole injecting

between the first light emitting unit 5 and the second light
emitting unit 7. The electron extracting layer 6a of the
intermediate unit 6 extracts an electron from the adjacent
orange emitting layer 76 and supplies a hole generated
thereby to the second light emitting unit 7 side and at the
same time supplies the extracted electron to the first light
emitting unit 5 via the electron injecting layer 65 and
electron transporting layer 6¢. The hole supplied to the
second light emitting unit 7 is recombined with an electron
supplied from the cathode 10, so that the second light
emitting unit 7 can emit light. Also, the electron supplied to
the first light emitting unit 5 is recombined with a hole
supplied from the anode 1, so that the first light emitting unit
5 can emit light. Accordingly, formation of the intermediate
unit 6 allows the first light emitting unit 5 and the second
light emitting unit 7 to efficiently emit light.

[0135] The electron extracting layer 4 is formed adjacently
to the cavity adjustment layer 3 in the first light emitting unit
5 side. Formation of the electron extracting layer 4 makes it
possible to improve the life property of the element as
described below.

layer, was formed by plasma polymerization of CRF; gas.
The thickness of the fluorocarbon layer was adjusted to be
1 nm.

[0139] The cavity adjustment layer was formed using
NPB, as shown in Table 2. NPB is N,N'-di(naphthacen-1-
y1)-N,N'-diphenylbenzidine and has the following structure.

00010
oC

NPB

[0140] The first electron extracting layer and the second
electron extracting layer were formed using HAT-CN6.-
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HAT-CNG6 is hexaazatirphenylene hexacarbonitrile and hav-
ing the following structure.

HAT-CN6
NC CN

N \ / N
NC>_<CN

[0141] The cavity adjustment layer, the first electron
extracting layer and the second electron extracting layer
were formed in the film thickness described in Table 2. The
unit is nm.

CHy

[0142] The first light emitting unit and the second light
emitting unit were composed respectively by layering a blue

emitting layer on an orange emitting layer as shown in Table
1.

[0143] The orange emitting layer is formed using 80% by
weight of NPB, a hole transporting material, as a host
material and 20% by weight of TBADN and DBzR, which
is an orange emitting dopant, in an amount of 3% by weight
to the total 100% by weight of NPB and TBADN. In this
case, TBADN works as an energy transporting auxiliary
dopant for transmitting the excitation energy from the host
material to DBzR, the orange emitting dopant. Herein, the
energy transporting auxiliary dopant is a material having a
level of LUMO (the lowest unoccupied molecular orbital)
and an energy gap between those of the host and the light
emitting dopant and means a dopant having a function of
efficiently transmitting the excitation energy from the host to
the light emitting dopant.
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[0144] TBADN is 2-tert-butyl-9,10-di(2-naphthyl)an-
thracene and has the following structure.

TBADN

[0145] DBZR is 5,12-bis{4-(6-methylbenzothiazol-2-
yl)phenyl}-6,11-diphenylnaphthacene and has the following
structure.

Q N
5 CH;

DBzR

[0146] The blue emitting layer is formed using TBADN,
an electron transporting material, as a host material, NPB as
a carrier transporting auxiliary dopant, and TBP as a blue
emitting dopant. The content of TBADN is 80% by weight,
the content of NPB is 20% by weight, and the content of
TBP is 2.5% by weight to the total 100% by weight of
TBADN and NPB. In this case, the carrier transporting
auxiliary dopant is a material with a high mobility of a
carrier to be assisted as compared the host material and is a
dopant having a function of increasing the light emitting
efficiency by promoting the injection of one carrier and
keeping the balance of the density of both carriers in a light
emitting layer for increasing the recombining probability. In
this case, NPB having higher hole transporting mobility than
TBADN, which is an electron transporting material, has a
function of assisting the movement of a hole in the blue
emitting layer by being added to TBADN and accordingly
increasing the light emitting efficiency. TBP is 2,5,8,11-
tetra-tert-butvlperylene and has the following structure.
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(CHs) C(CHz)s
(CHz)sC C(CHz)s
TBP
[0147] The electron transporting layer was formed using

BCP. BCP is 2,9-dimethyl-4,7-diphenyl-1,10-phenanthro-
line and has the following structure.

BCP

[0148] The intermediate unit was composed by, as shown
in Table 1, forming the electron transporting layer using
BCP, the electron injecting layer using Li,O, and the elec-
tron extracting layer using HAT-CN6

[0149] The electron injecting layer was formed using LiF
and the cathode was made of Al. The thickness of each layer
was shown in Table 1 and Table 2. The unit is nm.

[0150] The driving voltage, chromaticity, and light emit-
ting efficiency of the respective organic EL elements of
Examples 1 to 7 and Reference Examples 1 to 6 are shown
in Table 2.

TABLE 2

13
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[0151] As shown in Table 2, it is understood that if the film
thickness of the cavity adjustment layer is increased, the
driving voltage is slightly increased and the light emitting
efficiency tends to be slightly decreased, however the chro-
maticity is scarcely affected. Accordingly, it is found that as
compared in a conventional case where the film thickness of
each light emitting unit is changed, the cavity adjustment is
made easy.

[0152] FIG. 2 shows a graph the relationship of the driving
time and the light emission intensity of Examples 1 and 2
and Reference Examples 1 to 4. As shown in FIG. 2, it can
be seen that Examples 1 and 2 and Reference Example 4 in
which the first electron extracting layer was formed were
provided with long driving duration and high light emission
intensity and improved life property as compared with
Reference Examples 1 to 3 in which the first electron
extracting layer was not formed. Consequently, it is found
that the life property can be improved by forming the first
electron extracting layer.

[0153] FIG. 3 is a graph showing the relationship between
the film thickness of the cavity adjustment layer and the
driving voltage. It is supposed to be preferable that the film
thickness of the cavity adjustment layer is within a range
from 10 nm to 600 nm from the results shown in FIG. 3.

[0154] FIG. 4is a cross-sectional view showing an organic
EL display device of one example according to the inven-
tion. In the organic EL display layer, TFT (a thin film
transistor) is used as an active element and drives the light
emission in the respective pixels of R (red), G (green), and
B (blue). With respect to FIG. 4, a channel region 11
comprising a polysilicon layer is formed on a transparent
substrate of glass or the like, which is not illustrated. A drain
electrode 124 and a source electrode 12s are formed on the
channel region 11 and a gate electrode 14 is formed via a
gate insulating film 13 between the drain electrode 124 and
the source electrode 12s. An insulating layer 15 is formed on
the gate electrode 14. The respective insulating layers are
made of SiN, and/or SiO, etc.

[0155] A first leveling film 16 is formed on the drain
electrode 124 and the source electrode 12s. A through hole
part is formed on the first leveling film 16 on the drain

First Electron
Extracting Layer

Second Electron

extracting Layer  Cavity Adjustment

HAT-CN6 Layer NPB HAT-CN6
Film thickness Film thickness Film thickness ~ Voltage Chromaticity Efficiency

(nm) (nm) (nm) V) CEx,y) (Im/W) (cd/A)
Ref. Ex. 1 0 0 0 7.6 032 046 157 37.5
Ref. Ex. 2 0 50 0 79 034 040 130 33.1
Ref. Ex. 3 0 100 0 8.6 032 045 127 34.5
Ref. Ex. 4 0 0 10 78 033 045 159 38.1
Ex. 1 0 50 10 80 031 037 126 32.1
Ex.2 0 100 10 83 030 046 136 36.8
Ex. 3 0 200 10 9.1 036 041 122 35.1
Ex. 4 0 400 10 113 035 042 9.7 34.1
Ex. § 0 600 10 146 036 044 8.4 37.5
Ref. Ex. 6 0 20 0 7.7 033 045 161 38.2
Ex. 6 100 50 10 80 030 037 127 32.2
Ex. 7 100 100 10 82 031 046 139 37.0
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electrode 12d and an anode 1 of an ITO film formed on the
first leveling film 16 is introduced into the inside of the
through hole part. A hole injecting layer 2 is formed on the
anode 1 in a pixel region. A second leveling film 17 is
formed in the portion other than the pixel region.

[0156] A cavity adjustment layer 3 and an electron extract-
ing layer 4 are formed on the hole injecting layer 2 according
to the invention. The cavity adjustment layer 3 and the
electron extracting layer 4 are shown as a single layer in
FIG. 4. As shown in FIG. 4, the cavity adjustment layer 3
and the electron extracting layer 4 are formed independently
for the respective pixels of RGB. That is because the
respective pixels of RGB are different in the optimum film
thickness of the cavity adjustment layer and therefore, it is
preferable to form the layers independently for the respec-
tive pixels of RGB. On the cavity adjustment layer 3 and the
electron extracting layer 4 of each pixel, a first light emitting
unit 5, an intermediate unit 6, and a second light emitting
unit 7 are formed respectively for each pixel. An electron
transporting layer 8 is formed on the second light emitting
unit 7. The electron transporting layer 8 is so formed as to
bury the gaps between the cavity adjustment layer 3, the
electron extracting layer 4, the first light emitting unit 5, the
intermediate unit independently on each pixel.

[0157] An electron injecting layer 9 and a cathode 10 are
formed on the electron transporting layer 8. In FIG. 4, the
electron injecting layer 9 and the cathode 10 are illustrated
as a single layer. A protection layer 18 is formed on the
cathode 10.

[0158] As shown in FIG. 4, the film thickness of the cavity
adjustment layer 3 formed for each pixel is properly
adjusted, so that the cavity in each pixel can be adjusted.

[0159] Although Example shown in FIG. 4 is a bottom
emission type organic EL display device in which light is
emitted toward the substrate side, the organic EL display
device may be a top emission type organic EL display device
in which the light is emitted to the side opposed to the
substrate by reversing the positions of the anode 2 and the
cathode 10 upside down and successively layering the
electron injecting layer 9, the electron transporting layer 8,
the second light emitting unit 7, the intermediate unit 6, the
first light emitting unit 5, the electron extracting layer 4, and
the cavity adjustment layer 3 on the cathode 10.

[0160] Further, in the organic EL display device shown in
FIG. 4, the pixel region is formed to make the device be a
display device, however the light emitting layer may be
formed in the entire body to make the organic EL display
device as a back light source.

SECOND ASPECT OF THE INVENTION

[0161] FIG. 5 is a drawing schematically showing the
energy levels of HOMO and LUMO of the respective layers
composing the intermediate unit and the cavity adjustment
unit in the organic EL element of Example according to the
invention. In this Example, an intermediate unit 21 com-
prises a first electron extracting layer 23, an electron inject-
ing layer 24, and an electron transporting layer 28. A cavity
adjustment unit 22 comprises a first cavity adjustment layer
25 and a second electron extracting layer 26. An electron
supply layer 27 is formed in the cathode side of the second
electron extracting layer 26.
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[0162] In FIG. 5, LUMO of the first electron extracting
layer 23 is shown as Ly, and HOMO is shown as Hy. Also,
LUMO of the electron injecting layer 24 is shown as L. and
LUMO of the electron transporting layer 28 is shown as Ly,
and LUMO of the first cavity adjustment layer 25 is shown
as L,, and HOMO is shown as H,. Also, LUMO of the
second electron extracting layer 26 is shown as L, and
HOMO is shown as Hy, and HOMO of the electron supply
layer 27 is shown as H.

[0163] With respect to FIG. 5, in the organic E; element
according to the invention, the difference of the absolute
values of Ly of the first electron extracting layer and HA of
the first cavity adjustment layer 25 is 1.5 eV or lower.
Accordingly, the first electron extracting layer 23 can easily
extract an electron from the first cavity adjustment layer 25.
The absolute value of L. of the electron injecting layer 24
is smaller than the absolute value of L of the first electron
extracting layer 23 and the absolute value of L of the
electron transporting layer 28 is smaller than the absolute
value of L. Accordingly, an electron extracted by the first
electron extracting layer 23 is supplied to the anode side via
the electron injecting layer 24 and the electron transporting
layer 28.

[0164] The difference of the absolute values of Ly, of the
second electron extracting layer 26 and Hy of the electron
supply layer 27 is 1.5 eV or lower in the present invention.
Accordingly, the second electron extracting layer 26 can
easily extract an electron from the electron supply layer 27.
Since the absolute value of L, of the first cavity adjustment
layer is smaller than the absolute value of L, of the second
electron extracting layer 26, an electron extracted by the
second electron extracting layer 26 is blocked by the first
cavity adjustment layer 25 and accumulated in the second
electron extracting layer 26. Accordingly, a high electric
field 1s locally applied to strain the energy level and there-
fore, the driving electric current can be lowered.

[0165] In the electron supply layer 27 from which the
electron is extracted, a hole is generated and the hole is
supplied to the cathode side.

[0166] In the invention, as described above, an electron is
supplied to the anode side from the intermediate unit 21 and
the cavity adjustment unit 22 and at the same time a hole is
supplied to the cathode side. Accordingly, light is efficiently
emitted from the light emitting unit positioned in the anode
side and the light emitting unit positioned in the cathode
side, respectively. Also, as described above, since a high
electric field is applied locally, the driving voltage can be
lowered and even if the film thickness of the first cavity
adjustment layer 25 is made thick, increase of the driving
voltage can be suppressed.

[0167] Further, since supply of electrons in an excess
quantity to the anode side by the first cavity adjustment layer
25 can be suppressed, the life property of the element can be
improved and the reliability can be increased.

EXAMPLES 8 to 16 AND COMPARATIVE
EXAMPLES 1 TO 6

[0168] Organic EL elements of Examples 8 to 16 and
Comparative Examples 1 to 6 respectively comprising a hole
injecting layer, a hole transporting layer, a second light
emitting unit, an intermediate unit, a cavity adjustment unit,
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a first light emitting unit, an electron transporting layer, and
a cathode as shown in Table 3 were fabricated. The numbers
in the parentheses in the following tables show the thickness
(nm) of the respective layers.

[0169] As a substrate, a glass substrate on which an ITO
(indium tin oxide) film as an anode is formed was used. The
hole injecting layer was formed by forming a fluorocarbon
(CF ) layer on the I'TO film. In Table 3, (15 s) means the film
formation time (second).

[0170] The respective layers shown in Table 3 were suc-
cessively formed on the hole injecting layer formed as
described above by vapor deposition method.

[0171] The hole transporting layer was formed by layering
a HAT-CNG6 layer on the NPB layer.

[0172] Each of the first light emitting unit and the second
light emitting unit was a white-emitting unit formed by
layering a blue emitting layer formed on an orange emitting
layer. The orange emitting layer was positioned in the anode
side and the blue emitting layer is positioned in the cathode
side. In Table, % means % by weight unless otherwise
specified.

[0173] The orange emitting layer and the blue emitting
layer were deposited on the hole transporting layer formed
as described above.

[0174] The orange emitting layer was formed using NPB
as a hole transporting host material, TBADN as an electron
transporting host material, and DBzR as a dopant material.
The blue emitting layer was formed using TBADN as an
electron transporting host material, NPB as a hole transport-
ing host material, and TBP as a dopant material.

[0175] In Example 13, Example 14, and Comparative
Example 5, the first light emitting unit and the second light
emitting unit were formed respectively in form of a single
white emitting layer. Accordingly, the DBzR as an orange
emitting dopant and TBP as a blue emitting dopant were
contained in one layer. Additionally, a NPB layer was
formed in the anode side in the first light emitting unit and
the second light emitting unit.

[0176] An electron transporting material may be used for
the electron transporting layer of the intermediate unit and in
Examples and Comparative Examples shown in Table 3,
BCP is used. LUMO of BCP is -2.7 eV. The film thickness
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of Li is 2.9 eV and the work function of Mg is 3.9 eV. In the
case of a metal oxide such as Li,0, the work function of the
metal such as Li may be within the range defined according
to the invention. The film thickness of the electron injecting
layer is preferably in a range from 0.1 to 10 nm.

[0178] For the first electron extracting layer of the inter-
mediate unit, HAT-CN6 is used. LUMO of HAT-CNG6 1s -4.4
eV and HOMO is -7.0 eV. The film thickness of the first
electron extracting layer is preferably in a range from 1 to
150 nm.

[0179] InComparative Example 4, a V, O layer is used in
place of the first electron extracting layer.

[0180] For the first cavity adjustment layer of the cavity
adjustment unit, NPB is used. LUMO of NPB is 2.6 eV and
HOMO is -5.4 eV.

[0181] For the second electron extracting layer of the
cavity adjustment unit, HAT-CNG6 is used. The film thickness
of the second electron extracting layer is preferably in a
range from 1 to 150 nm.

[0182] As the electron transporting layer formed on the
first light emitting unit, an electron transporting layer having
a layered structure of an Alq layer and a BCP layer is
formed. In Example 13, Example 14 and Comparative
Example 3, the electron transporting layer is formed in form
of a BCP layer alone.

[0183] A cathode having a layered structure of a Li,O
layer and an Al layer is formed on the electron transporting
layer.

[0184] Alq is tris-(8-quinolinato)aluminum(III) and has
the following structure.

of the electron transporting layer in the intermediate unit is Z
preferably in a range from 1 to 100 nm.
[0177] For the electron injecting layer of the intermediate X
unit, alkali metals, alkaline earth metals, their oxides and the Alg
like can be used. In Examples and Comparative Examples
shown in Table 3, Li,0, Li or Mg is used. The work function
TABLE 3
Hole Hole Cavity Electron
Injecting  Transporting Second Light Intermediate Adjustment First Light Transporting
Layer layer Emitting Unit Unit Unit Emitting Unit Layer Cathode
Ex. 8 CFx NPB/HAT-CN6 70% NPB + 30% BCP/Li,0/ NPB(60)/ 70% NPB + 30% Alg/BCP  Li,O/Al
Comp. (15 %) (60)/(10) TBADN + 3%  HAT-CN6 HAT-CN6(5) TBADN + (3)/(10) (3)/(200)
Ex. 1 DBzR (60)/90%  (15)/(3)/(20) 3% DBzR(60)/
Comp. TBADN + 10% Alq(60)/ 90% TBADN +
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TABLE 3-continued
Hole Hole Cavity Electron
Injecting ~ Transporting Second Light Intermediate Adjustment First Light Transporting
Layer layer Emitting Unit Unit Unit Emitting Unit Layer Cathode
Ex. 2 NPB + 2.5% HAT-CN6(5) 10% NPB +
TBP (50) 2.5% TBP(50)
Ex. 9 CFx NPB/HAT-CN6 70% NPB + 30% BCP/Li,O/ NPB(200)yHAT-  70% NPB + 30% Alg/BCP Li,O/Al
15 s) (60)/(10) TBADN + 3%  HAT-CNG6 CN6(5) TBADN + 3%  (3)(10) (3)/(200)
Ex. 10 DBZR (60)/90%  (15)/(3)/(20) NPB/HAT-CN6/  DBzR(60)/90%
TBADN + 10% NPB/HAT-CN6 ~ TBADN + 10%
NPB + 2.5% (100)/(5)/ NPB + 2.5%
TBP (50) (100)/(5) TBP(50)
Comp. NPB (200)
Ex. 3
Ex. 11 CFx NPB/HAT-CN6 70% NPB + 30% BCP/Li,0/ NPB/HAT-CN6  70% NPB + 30% Alg/BCP Li,O/Al
15 s) (60)/(10) TBADN + 3%  HAT-CN6 (500)/(5) TBADN + 3%  (3)(10) (3)/(200)
Ex. 12 NPB/HAT-CN6 DBZR (60)/90%  (15)/(3)/(20) NPB/HAT-CN6  DBzR(60)/90%
(60)/(10) TBADN + 10% (550)/(5) TBADN + 10%
Comp. NPB (60) NPB + 2.5% BCPMg/V,05 NPB/V,0, NPB + 2.5% Mg/Al
Ex. 4 TBP (50) (15)(1)/20) (60)/(5) TBP(50) (1)/(200)
Ex. 13 CFx NPB/HAT-CN6 NPB(60)/80% BCP/LL,O/ NPB/HAT-CN6/  NPB(60)/80% BCP (10) Li,O/Al
(15 s) (60)/(10) TBADN + 20%  HAT-CN6 NPB/HAT-CN6/  TBADN + 20% (3)/(200)
NPB + 2.5% (15)/(3)/20) NPB/HAT-CN6  NPB + 2.5%
TBP + 0.2% (60)/(5)/(60)/ TBP +0.2%
DBZR(50) (5)/(60)/(5) DBzR(50)
Ex. 14 NPB/HAT-CN6
(180)/(5)
Comp. NPB(180)
Ex. S
Ex. 15 CFx NPB/HAT-CN6 70% NPB + BCP/L/HAT-CN6  NPB/HAT-CN6/  70% NPB + Alg/BCP Li,O/Al
(15 s) (60)/(10) 30% TBADN +  (15)/(1)/(20) NPB/HAT-CN6  30% TBADN +  (3)/(10) (3)/(200)
3% DBzR(60)/ 100)/(5)/ 3% DBZR(60)/
90% TBADN + (100)/(5) 90% TBADN +
Ex. 16 10% NPB + NPB/HAT-CN6 10% NPB +
2.5% TBP (50) (200)/(5) 2.5% TBP(50)
Comp. NPB(200)
Ex. 6

[Evaluation of Organic EL Element]

[0185] Each organic EL element fabricated in the above-
mentioned manner was subjected to measurement of the
driving voltage, light emitting efficiency, and brightness half
life. The measurement results are shown in Table 4. The
measurement results are the values at driving electric current
of 40 mA/em?,

TABLE 4
Light Emitting

Driving Efficiency Brightness

Voltage (V) (cd/A) Half Life
EX. 8 10.8 23.8 500
Comp. Ex. 1 10.5 33.2 400
Comp. Ex. 2 Not Less than 20 25.6 50
EX. 9 134 24.2 700
EX. 10 12.7 24.3 750
Comp. Ex. 3 13.7 25.2 650
EX. 11 15.6 20.2 400
EX. 12 16 19.8 370
Comp. Ex. 4 15.6 14.7 30
EX. 13 9.7 25.8 500
EX. 14 10.5 22.6 450
Comp. Ex. 5 11.1 234 300
EX. 15 12.7 24.3 700
EX. 16 134 24.2 680
Comp. Ex. 6 13.7 25.2 600

[0186] As being made clear from the results shown in
Table 4, it is found that in Examples 8 to 16 according to the

invention, the driving voltage is low, the light emitting
efficiency is good, and the brightness half life is long.

[0187] In comparison of Example 8 comprising the cavity
adjustment unit with Comparative Example 1 comprising no
cavity adjustment unit, although Example 8 was slightly
inferior to Comparative Example 1 in the light emitting
efficiency, it could be driven at approximately same driving
voltage and the brightness half life of Example 8 was longer
than that of Comparative Example 1. Accordingly, the cavity
adjustment unit could be installed to adjust the cavity
without increasing the driving voltage or without deterio-
rating the life property.

[0188] With respect to Comparative Example 2 compris-
ing the cavity adjustment unit in which NPB was replaced
with Alg, the driving voltage was considerably increased
and the brightness half life was significantly shortened.

[0189] With respect to Comparative Example 4 compris-
ing the cavity adjustment unit in which HAT-CN6 was
replaced with V,O,, the light emitting efficiency was
decreased and the brightness half life was significantly
shortened.

[0190] As being made clear by comparison of Examples
13 and 14 with Comparative Example 5 and comparison of
Examples 15 and 16 with Comparative Example 6, it is
found that in the case where the film thickness of the total
of the NPB layer is considerably made thick, the driving
voltage can be lowered by inserting the HAT-CN6 layer,
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which is a first electron extracting layer, is inserted at
appropriate intervals into a plurality of layers.

[Organic EL Display Device]

[0191] FIG. 6 shows a cross-sectional view showing a
bottom emission type organic EL display device of an
example according to the invention. In the organic EL
display device, TFT is used as an active element for emitting
light in each pixel. A diode or the like may be used also as
the active element. In the organic EL display device, a color
filter is installed. The organic EL display device is a bottom
emission type display device for display by emitting light
downward via the substrate 17 shown as an arrow.

[0192] With respect to FIG. 6, a first insulating layer 38 is
formed on a substrate 37, which is a transparent substrate of
glass or the like. The first insulating layer 38 is formed using
Si0,, SiN, and the like. A channel region 40 comprising a
polysilicon layer is formed on the first insulating layer 38. A
drain electrode 41 and a source electrode 43 are formed on
the channel region 40 and a gate electrode 42 is formed via
a second insulating layer 39 between the drain electrode 41
and the source electrode 42. A third insulating layer 34 is
formed on the gate electrode 42. The second insulating layer
39 is formed using, for example, Si0O, and SiN,. The third
insulating layer 34 is formed using SiO, and SiN,.

[0193] A fourth insulating layer 35 is formed on the third
insulating layer 34. The fourth insulating layer 35 is formed
using, for example SiN,. A color filter layer 29 is formed on
the portion of a pixel region on the fourth insulating layer 35.
As the color filter layer 29, a color filter of R (red), G
(green), or B (blue) may be formed. A first leveling film 36
is formed on the color filter layer 29. A through hole part is
formed on the first leveling film 36 on the drain electrode 41
and a hole injecting electrode 38 of ITO (indium tin oxide)
formed on the first leveling film 36 is introduced into the
inside of the through hole part. A hole injecting-transporting
unit 30 is formed on the hole injecting electrode (anode) 38
in the pixel region. A second leveling film 39 is formed in
the portion other than the pixel region.

[0194] In the layered light emitting unit 31 is formed on
the hole injecting-transporting layer 30. The layered light
emitting unit 31 has a structure, according to the invention,
comptrising an intermediate unit and a cavity adjustment unit
between the first light emitting unit and the second light
emitting unit. An electron transporting layer 32 is formed on
the layered light emitting unit 31 and an electron injecting
electrode (cathode) 33 is formed on the electron transporting
layer 32.

[0195] As described above, with respect to the organic EL
element of this example, the organic EL element is com-
posed by layering the hole injecting electrode (anode) 28,
the hole injecting-transporting unit 30, the layered light
emitting unit 31, an electron transporting layer 32, and an
electron injecting electrode (cathode) 33 on the pixel region.

[0196] In the layered light emitting unit 31 of this
example, since a light emitting units comprising an orange
emitting layer and a blue emitting layer layered on each
other is used, white light is emitted from the layered light
emitting unit 31. The white light is emitted through the
substrate 37 to outside, and since the color filter layer 29 is
formed in the light emission side, R, G, or B color light is
emitted depending on the color of the color filter layer 29.
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In the case of an element emitting monochromic light, the
color filter layer 29 is not necessarily required.

[0197] FIG. 7 is a cross-sectional view of a top emission
type organic EL display device of one example according to
the invention. The organic EL display device of the example
is a top emission type organic EL display device for display
by emitting light upward through a substrate 37 as shown as
an arrow.

[0198] The portion from the substrate 37 to the anode 38
is fabricated approximately same as the example shown in
FIG. 6. However, the color filter layer 29 is not formed on
the fourth insulating layer 35 but formed on the upper part
of the organic EL element. Practically, the color filter layer
29 is installed on a transparent sealing substrate 36 of glass
or the like and an overcoat layer 35 is coated thereon and the
resulting body is stuck to the anode 38 via a transparent
adhesive layer 34. Further, in this example, the positions of
the anode and the cathode are reversed to those of the
example shown in FIG. 6.

[0199] As the anode 38, a transparent electrode is formed
and for example, it is formed by layering ITO with a film
thickness of about 100 nm and silver with a film thickness
of about 20 nm. As the cathode 33, a reflective electrode is
formed and for example, it is formed by forming a thin film
of aluminum, chromium, or silver in a film thickness about
100 nm. The overcoat layer 35 is formed using an acrylic
resin or the like in a film thickness of about 1 um. The color
filter layer 29 may be a pigment type or a dye type and the
thickness is about 1 um.

[0200] The white color light emitted from the layered light
emitting unit 31 is emitted outside through the sealing
substrate 36, however since the color filter layer 29 is
formed in the light emitting side, R, G, or B color light is
emitted in accordance with the color of the color filter layer
29. Since the organic EL display device of this example is
top emission type, even the region where the thin film
transistor is installed can be used as a pixel region and the
color filter layer 29 is formed in a wider range than that in
the example shown in FIG. 6. According to this example, a
wider region can be used as the pixel region and the aperture
ratio can be increased. Further, formation of the light emit-
ting layers having a plurality of light emitting units can be
carried out without being affected by the active matrix and
therefore, the option of the designing can be increased.

[0201] Although a glass plate is used as the sealing
substrate in this example, the sealing substrate in the inven-
tion is not limited to the glass plate and a film-like material
such as an oxide film of, for example, SiO, and a nitride film
such as SiN, can be used as the sealing substrate. In this
case, the film-like sealing substrate can be formed directly
on the element and therefore, it is no need to form an
transparent adhesive layer.

THIRD ASPECT OF THE INVENTION

[Simulation Result]

[0202] Table 5 shows the simulation results of the light
emission intensity at various visible angles in the case where
the optical distance between a light source 101 (the first light
emitting layer) and the reflection surface 103 of the reflec-
tive electrode is kept constant to be (“a)A and the optical
distance between the light source 102 (the second light
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emitting layer) and the reflection surface 103 of the reflec-
tive electrode is changed in a range from (44)\ to (%), as
shown in FIG. 8. The light emission intensity is evaluated at
four visible angles, the front (0°), 30°, 45°, and 60°. In Table
5, the relative values are shown in the case where the light
emission intensity in the front direction is converted into 1.
“Maximum /minimum” indicates the ratio of the maximum
value/minimum value at these four visible angles. “Front
intensity” indicates the relative intensity in the case where
the light emission intensity in the front direction is converted
into 1 in the light emission layer composed of a first light
emission layer alone.

[0203] InTable5, (2), (4), and (6) satisfied the conditions
of the invention.
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[0208] A hole transporting layer 91 (film thickness of 30
nm) of NPB is formed on the transparent conductive film 82.
The hole transporting layer 91 works as a first cavity
adjustment layer.

[0209] An orange emitting layer 51 (film thickness of 60
nm) and a blue emitting layer 52 (film thickness of 50 nm)
are layered in this order on the hole transporting layer 91.
The first light emitting layer 50 is a white emitting layer
composed of the orange emitting layer 51 and the blue
emitting layer 52. The light emitting position 50a of the first
light emitting layer 50 is in the region at 5 nm from the
interface of the orange emitting layer 51 and the blue
emitting layer 52 to the blue emitting layer side.

TABLE 5
Optical Maximum
Distance to Value!
the Reflective Minimum Front
Electrode Front 30°  45°  60° Value Intensity
Second 1 @aHr 1 1.65 044 0.12 13.9 1.07
Light 2 (R 1 070 113 095 1.6 1.28
Emitting 3  GFHn 1 0.54 035 0.07 13.7 2.05
Layer @4 (5 1 1.00 030 0.63 3.4 1.90
5)  (@Hn 1 122 132 016 8.0 1.11
©  GR)A 1 0.80 061 1.16 2.0 1.21
First Light Emitting (1/4)A 1 0.78 034 0.1 8.9 1.00
Layer alone

[0204] As shown in Table 5, in the case of (2), (4), and (6)
satisfying the conditions of the invention, relatively high
light emission intensity is obtained at any visible angle of
30°, 45° and 60° and the ratio of the maximum value/
minimum value is lower than those of other cases. Accord-
ingly, it is found that the visible angle dependency is
lowered.

[0205] Also being understood from Table 5, in the case
where the first light emitting layer is formed alone, the light
emission intensity is lowest at a visible angle of 60° and
accordingly, the visible angle dependency can be decreased
by setting the second light emitting layer to have high light
emission intensity at 60°.

[0206] The optical distance is calculated from the film
thickness of each layer and the refraction index and further
a multi-mode has to be taken into consideration, however in
this specification, it is calculated while the calculation of the
refraction index of each layer and the multi-mode are
simplified.

EXAMPLE 17

[0207] FIG.9 is a schematic cross-sectional view showing
an organic EL element fabricated in this example. In the
organic EL element of this example, as shown in FIG. 9, a
metal thin film 81 of Al is formed on a substrate, which is
not illustrated and a transparent conductive film 82 (film
thickness of 30 nm) of an ITO (indium tin oxide) film was
formed thereon. A reflective electrode is composed of the
transparent conductive film 82 and the metal thin film 81 and
the upper surface of the metal thin film 81 is to be the
reflection surface 41a.

[0210] The orange emitting layer 51 is formed using 100%
by weight of NPB, a hole transporting material, as a host
material and DBzR, which is an orange emitting dopant in
an amount of 3% by weight to 100% by weight of NPB.

[0211] The blue emitting layer 52 is formed using 100%
by weight of TBADN, an electron transporting material, as

a host material and TBP, which is a blue emitting dopant in
an amount of 1% by weight to 100% by weight of TBADN.

[0212] An electron transporting layer 71 (film thickness of
20 nm), an electron injecting layer 72 (film thickness of 10
nm), and an electron extracting layer 73 (film thickness of 20
nm) are layered in this order on the first light emitting layer
50. The intermediate unit 70 is composed of the electron
transporting layer 71, the electron injecting layer 72, and the
electron extracting layer 73. The electron transporting layer
71 is formed using Alg. The electron injecting layer 72 is
formed by depositing Li, however it is very thin, it is formed
in form of a composite of Alq of the electron transporting
layer 71 supposed to have a composition of Alq:Li=1:1. The
electron extracting layer 73 is formed using HAT-CNG6.

[0213] A second cavity adjustment layer 92 (film thickness
of 275 nm) is formed on the intermediate unit 70. The
second cavity adjustment layer 92 is also formed using NPB.

[0214] An orange emitting layer 61 and a blue emitting
layer 62 are layered and formed in this order on the second
cavity adjustment layer 92. The second light emitting layer
60 is composed of the orange emitting layer 61 and the blue
emitting layer 62. The orange emitting layer 61 and the blue
emitting layer 62 are formed in the same manner as the
orange emitting layer 51 and the blue emitting layer 52 of
the first light emitting layer 50.
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[0215] The light emitting position 60a of the second light
emitting layer 60 is in the region at 5 nm from the interface
of the orange emitting layer 61 and the blue emitting layer
62 to the blue emitting layer 62 side.

[0216] An electron transporting layer 93 (film thickness of
20 nm) is formed on the second light emitting layer 60. The
electron transporting layer 93 is formed using Alqg.

[0217] A metal thin film electrode 94 (Li film thickness 1
nm:Ag film thickness 15 nm) of Li/Ag, which is a light
emitting side electrode, is formed on the electron transport-
ing layer 93.

[0218] The optical distance between the light emitting
position of the first light emitting layer and the reflection
surface of the reflective electrode and the optical distance
between the light emitting position of the second light
emitting layer and the reflection surface of the reflective
electrode can be adjusted by adjusting the film thickness of
the first cavity adjustment layer 91. Also, the optical distance
between the light emitting position of the second light
emitting layer and the reflection surface of the reflective
electrode can be adjusted by adjusting the film thickness of
the second cavity adjustment layer 92.

[0219] In the organic EL element fabricated as described
above, the optical distance between the light emitting posi-
tion 50a of the first light emitting layer 50 and the reflection
surface 91a of the reflective electrode is 125 nm. Also, the
optical distance between the light emitting position 60a of
the second light emitting layer 60 and the reflection surface
81a of the reflective electrode 80 is 312.5 nm.

[0220] Each of the first light emitting layer 50 and the
second light emitting layer 60 in this example was formed to
be a white emitting layer by layering an orange emitting
layer and a blue emitting layer and the mean wavelength A
of light to be emitted is 500 nm. Accordingly, the optical
distance of the light emitting position of the first light
emitting layer and the reflection surface of the reflective
electrode is set to be (Y4)A and the optical distance between
the light emitting position of the second light emitting layer
and the reflection surface of the reflective electrode is set to
be (¥8)M. As a result, these distances are set within the range
of the invention.

[0221] FIG. 10 is a graph showing a spectrum in the front
direction and a spectrum at a visible angle of 60° of the
organic EL element shown in FIG. 9. As shown in FIG. 10,
the light emission intensity in the front direction and the
light emission intensity in the direction at a visible angle of
60° are almost same and thus it is understood that the visible
angle dependency is lowered. In the case where the light
emission intensity with wavelength of 500 nm in the front
direction is defined as 100, the light emission intensity in the
direction at a visible angle of 60° is §83.

COMPARATIVE EXAMPLE 7

[0222] FIG. 11 is a schematic cross-sectional view show-
ing a structure of an organic EL element of Comparative
Example 7. Similarly to Example 17, a metal thin film 41 is
formed on a substrate and a transparent conductive film 42
is formed on the metal thin film 41. Ahole transporting layer
51 is formed on the transparent conductive film 42. An
orange emitting layer 11 and a blue emitting layer 12 are
formed on the hole transporting layer 51. An electron
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transporting layer 53 is formed on the blue emitting layer 12.
As a light outputting electrode, a metal thin film 54 of Ag is
formed on the electron transporting layer 53.

[0223] The organic EL element of Comparative Example
7 comprised only one light emitting layer and a first light
emitting layer 10 alone is formed. The optical distance
between the light emitting position 10a of the first light
emitting layer 10 and the reflection surface 41a of the
reflective electrode 40 was 125 nm.

[0224] FIG. 12 is a graph showing a spectrum in the front
direction and a spectrum at a visible angle of 60° of the
organic EL element of Comparative Example 7. As being
made clear in FIG. 12, the light emission intensity in the
front direction and the light emission intensity in the direc-
tion at a visible angle of 60° are considerable different. For
example, in the case where the light emission intensity with
wavelength of 500 nm in the front direction is defined as
100, the light emission intensity in the direction at a visible
angle of 60° is 68 and it is understood that the visible angle
dependency is significant.

COMPARATIVE EXAMPLE 8

[0225] With the same structure of Example 17 shown in
FIG. 9, an organic EL element in which the distance between
the light emitting position 20a of the second light emitting
layer 20 and the reflection surface 41a of the reflective
electrode 40 was changed to be 375 nm was fabricated. The
distance 375 nm is equivalent to (¥4)a in the case where the
wavelength A is 500 nm. In the case the light emission
intensity of Comparative Example 8 with wavelength of 500
nm in the front direction is defined as 100, the light emission
intensity in the direction at a visible angle of 60° is 64.
Accordingly, it is understood that the visible angle depen-
dency is significant high as compared with that of Example
17.

[0226] As described above, it is made clear that the
organic EL element of Example 17 which was designed
according to the invention can be provided with significantly
decreased visible angle dependency as compared with the
organic EL elements of Comparative Example 7 and Com-
parative Example 8.

What is claimed is:

1. An organic electroluminescent element comprising a
cathode, an anode, and a plurality of light emitting units
arranged between the cathode and the anode via an inter-
mediate unit, wherein the organic electroluminescent ele-
ment is further provided with a cavity adjustment layer for
adjusting the optical distance from the light emitting posi-
tions of the respective light emitting units to the anode and
an electron extracting layer formed adjacent to the cavity
adjustment layer in a light emitting unit side between the
light emitting unit nearest to the anode and the anode.

2. The organic electroluminescent element according to
claim 1, wherein the cavity adjustment layer is formed using
a hole transporting material.

3. The organic electroluminescent element according to
claim 2, wherein the cavity adjustment layer is formed using
an arylamine type hole transporting material.

4. The organic electroluminescent element according to
claim 1, wherein a second electron extracting layer is formed
adjacently to the cavity adjustment layer in the anode side.
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5. The organic electroluminescent element according to
claim 1, wherein the electron extracting layer is formed
using a pyrazine derivative defined by the following struc-
tural formula:

N>\_/<N

R R

wherein Ar denotes an aryl group; R denotes hydrogen; an
alkyl, an alkyloxy, or an dialkylamine group having 1 to 10
carbon atoms; or F, Cl, Br, I, or CN.

6. The organic electroluminescent element according to
claim 1, wherein the electron extracting layer is formed
using a hexaazatriphenylene derivative defined by the fol-
lowing structural formula:

=N N=—

N \ / N
R>_<R

wherein R denotes hydrogen; an alkyl, an alkyloxy, or an
dialkylamine group having 1 to 10 carbon atoms; or F, Cl,
Br, I, or CN.

7. A bottom emission-type organic electroluminescent
display device comprising organic electroluminescent ele-
ments each having an element structure sandwiched between
an anode and a cathode, and an active matrix driving
substrate having each active element for supplying a display
signal for each display pixel to the organic electrolumines-
cent elements, in which each organic electroluminescent
element is provided on the active matrix driving substrate
and, between the cathode and the anode, an electrode
provided on the substrate side is a transparent electrode;
wherein each of the organic electroluminescent element is
the organic electroluminescent element according to claim
L.

8. The organic electroluminescent display device accord-
ing to claim 7, wherein each organic electroluminescent
element is a white emitting element and a color filter is
arranged between the organic electroluminescent element
and the substrate.

9. A top emission-type organic electroluminescent display
device comprising organic electroluminescent elements
each having an element structure sandwiched between an
anode and a cathode, an active matrix driving substrate
having each active element for supplying a display signal for
each display pixel to the organic electroluminescent ele-
ments, and a transparent sealing substrate provided opposite
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to the active matrix driving substrate, in which each organic
electroluminescent element is arranged between the active
matrix driving substrate and the sealing substrate and,
between the cathode and the anode, the electrode provided
on a sealing substrate side is a transparent electrode; wherein
each of the organic electroluminescent element is the
organic electroluminescent element according to claim 1.

10. The otganic electroluminescent display device
according to claim 9, wherein each organic electrolumines-
cent element is a white emitting element and a color filter is
arranged between the organic electroluminescent element
and the sealing substrate.

11. An organic electroluminescent device comprising the
organic electroluminescent element according to claim 1.

12. An organic electroluminescent element comprising a
cathode, an anode, an intermediate unit arranged between
the cathode and the anode, a first light emitting unit arranged
between the cathode and the intermediate unit, a second light
emitting unit arranged between the anode and the interme-
diate unit, and a cavity adjustment unit arranged between the
intermediate unit and the second light emitting unit, while
adjoining the intermediate unit, wherein

the intermediate unit comprises a first electron extracting
layer for extracting an electron from the cavity adjust-
ment unit and an electron injecting layer adjoining the
anode side of the first electron extracting layer:

the cavity adjustment unit is formed adjoining the cathode
side of the first electron extracting layer and comprises
a first cavity adjustment layer from which an electron
is extracted by the first electron extracting layer and a
second electron extracting layer for extracting an elec-
tron from an electron supply layer adjoining the cath-
ode side:

the absolute value of an energy level [LUMO (B)| of the
lowest unoccupied molecular orbital (LUMO) of the
first electron extracting layer and the absolute value of
an energy level [HOMO (A)| of the highest occupied
molecular orbital (HOMO) of the first cavity adjust-
ment layer are in the relationship of [HOMO (A)|-
LUMO (B)|£1.5 €V and the absolute value of an
energy level |[LUMO (C)| of the lowest unoccupied
molecular orbital (LUMO) or the absolute value of the
work function [WF (C)| of the electron injecting layer
is lower than [LUMO (B)]: and the absolute value of an
energy level [LUMO (D)| of the lowest unoccupied
molecular orbital (LUMO) of the second electron
extracting layer and the absolute value of an energy
level [HOMO (E)| of the highest occupied molecular
orbital (HOMO) of the electron supply layer are in the
relationship of [HOMO (E)-|LUMO (D)|=1.5 eV and
the absolute value of an energy level LUMO (A)| of the
lowest unoccupied molecular orbital (LUMO) of the
first cavity adjustment layer and [LUMO (D)| are in the
relationship of [LUMO (A)|£|LUMO (D).

13. The organic electroluminescent element according to
claim 12, wherein the electron supply layer is formed in the
first light emitting unit.

14. The organic electroluminescent element according to
claim 12, wherein the electron supply layer is a second
cavity adjustment layer formed in the cavity adjustment unit.

15. The organic electroluminescent element according to
claim 12, wherein the first and the second cavity adjustment
layers are formed using a hole transporting material.
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16. The organic electroluminescent element according to
claim 15, wherein the hole transporting material is a tertiary
arylamine type material.

17. The organic electroluminescent element according to
claim 12, wherein the cavity adjustment unit comprises a
plurality of repeating units of the first cavity adjustment
layer and the second electron extracting layer.

18. The organic electroluminescent element according to
claim 12, wherein an electron transporting layer is formed
between the electron injecting layer of the intermediate unit
and the second light emitting unit and the absolute value of
an energy level [LUMO (F)| of the lowest unoccupied
molecular orbital (LUMO) of the electron transporting layer
is lower than the [LUMO (C)| or the [WF (C)|.

19. The organic electroluminescent element according to
claim 12, wherein the first and/or the second electron
extracting layer is formed using a pyrazine derivative
defined by the following structural formula:

N \ / N
R>_<R

wherein Ar denotes an aryl group; R denotes hydrogen; an
alkyl, an alkyloxy, or an dialkylamine group having 1 to 10
carbon atoms; or F, Cl, Br, I, or CN.

20. The organic electroluminescent element according to
claim 12, wherein the first and/or the second electron
extracting layer is formed using a hexaazatriphenylene
derivative defined by the following structural formula:

—N N—
R \ / R
N N
N\ /N
R R

wherein R denotes hydrogen; an alkyl, an alkyloxy, or an
dialkylamine group having 1 to 10 carbon atoms; or F, Cl,
Br, I, or CN.

21. A bottom emission type organic electroluminescent
display device comprising organic electroluminescent ele-
ments each having an element structure sandwiched between
an anode and a cathode, and an active matrix driving
substrate having each active element for supplying a display
signal for each display pixel to the organic electrolumines-
cent elements, in which each organic electroluminescent
element is provided on the active matrix driving substrate
and, between the cathode and the anode, an electrode
provided on the substrate side is a transparent electrode,
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wherein each of the organic electroluminescent element is
the organic electroluminescent element according to claim
12.

22. The organic electroluminescent display device
according to claim 21, wherein each organic electrolumi-
nescent element is a white emitting element and a color filter
is arranged between the organic electroluminescent element
and the substrate.

23. A top emission type organic electroluminescent dis-
play device comprising organic electroluminescent elements
each having an element structure sandwiched between an
anode and a cathode, an active matrix driving substrate
having each active element for supplying a display signal for
each display pixel to the organic electroluminescent ele-
ments, and a transparent sealing substrate provided opposite
to the active matrix driving substrate, in which each organic
electroluminescent element is arranged between the active
matrix driving substrate and the sealing substrate and,
between the cathode and the anode, the electrode provided
on a sealing substrate side is a transparent electrode, wherein
each of the organic electroluminescent element is the
organic electroluminescent element according to claim 12.

24. The organic electroluminescent display device
according to claim 23, wherein each organic electrolumi-
nescent element is a white emitting element and a color filter
is arranged between the organic electroluminescent element
and the sealing substrate.

25. An organic electroluminescent device comprising the
organic electroluminescent element according to claim 12.

26. An organic electroluminescent element comprising a
reflective electrode, a light output side electrode, a first light
emitting layer and a second light emitting layer arranged
between the reflective electrode and the light output side
electrode, wherein

the optical distance between the light emitting position of
the first light emitting layer and the reflection face of
the reflective electrode is (n/x)A and the optical dis-
tance between the light emitting position of the second
light emitting layer and the reflection face of the
reflective electrode is [(n+m)/2x]]A, wherein A denotes
the mean wavelength of a desired light emission; n is an
odd number; m is an even number; and X is a natural
number.

27. The organic electroluminescent element according to
claim 26, wherein the first light emitting layer and the
second light emitting layer are layered via an intermediate
unit.

28. The organic electroluminescent element according to
claim 27, wherein, in the case where the first light emitting
layer is arranged between the reflective electrode and the
intermediate unit and the second light emitting layer is
arranged between the light output side electrode and the
intermediate unit, a first cavity adjustment layer is formed
between the reflective electrode and the first light emitting
layer and the second cavity adjustment layer is formed
between the intermediate unit and the second light emitting
layer.

29. The organic electroluminescent element according to
claim 27, wherein one between the reflective electrode and
the light output side electrode is an anode and the other is a
cathode:

the intermediate unit comprises an electron extracting
layer formed in the cathode side, an electron injecting
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layer adjoining the anode side of the electron extracting
layer, and an electron transporting layer adjoining the
anode side of the electron injecting layer: and

the electron extracting layer extracts an electron from the
adjacent layer adjoining the anode side and supplies the
extracted electron to the anode side via the electron
injecting layer and the electron transporting layer and at
the same time a hole generated in the adjacent layer by
the electron extraction is supplied to the cathode side.

30. The organic electroluminescent element according to
claim 28, wherein the first cavity adjustment layer and/or the
second cavity adjustment layer is formed using a hole
transporting material.

31. The organic electroluminescent element according to
claim 26, wherein each of the first light emitting layer and
the second light emitting layer is a white emitting layer
having a layered structure of an orange emitting layer and a
blue emitting layer.

32. A bottom emission type organic electroluminescent
display device comprising organic electroluminescent ele-
ments each having an element structure sandwiched between
an anode and a cathode, and an active matrix driving
substrate having each active element for supplying a display
signal for each display pixel to the organic electrolumines-
cent elements, in which each organic electroluminescent
element is provided on the active matrix driving substrate
and, between the cathode and the anode, an electrode
provided on the substrate side is a transparent electrode,
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wherein each of the organic electroluminescent element is
the organic electroluminescent element according to claim
26.

33. The organic electroluminescent display device
according to claim 32, wherein each organic electrolumi-
nescent element is a white emitting element and a color filter
is arranged between the organic electroluminescent element
and the substrate.

34. A top emission type organic electroluminescent dis-
play device comprising organic electroluminescent elements
each having an element structure sandwiched between an
anode and a cathode, an active matrix driving substrate
having each active element for supplying a display signal for
each display pixel to the organic electroluminescent ele-
ments, and a transparent sealing substrate provided opposite
to the active matrix driving substrate, in which each organic
electroluminescent element is arranged between the active
matrix driving substrate and the sealing substrate and,
between the cathode and the anode, the electrode provided
on a sealing substrate side is a transparent electrode, wherein
each of the organic electroluminescent element is the
organic electroluminescent element according to claim 26.

35. The organic electroluminescent display device
according to claim 34, wherein each organic electrolumi-
nescent element is a white emitting element and a color filter
is arranged between the organic electroluminescent element
and the sealing substrate.

36. An organic electroluminescent device comprising the
organic electroluminescent element according to claim 26.
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