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(57) ABSTRACT

An organic electroluminescent element comprising a cath-
ode, an anode, an intermediate unit arranged between a
cathode and an anode, a first light emitting unit arranged
between a cathode and an intermediate unit, and a second
light emitting unit arranged between an anode and an
intermediate unit, wherein an electron extracting layer for
extracting an electron from an adjacent layer adjoining a
cathode side is provided in an intermediate unit, an absolute
value of an energy level of a lowest unoccupied molecular
orbital (LUMO) of an electron extracting layer LUMO(A)),
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of the adjacent layer
|[HOMO(B)| are in the relationship of [HOMO(B)-|LU-
MO(A)|£1.5 eV, and an intermediate unit supplies a hole
generated by extraction of an electron from an adjacent layer
by an electron extracting layer and, at the same time,
supplies the extracted electron to a second light emitting
unit.



Patent Application Publication Dec. 28,2006 Sheet 1 of 16 US 2006/0289882 Al

FIG. 1

o1

41

30

42

52



Patent Application Publication Dec. 28,2006 Sheet 2 of 16 US 2006/0289882 Al

FIG. 2
LUMO
e R
5 gy —TBADN = NPB 9 6ol
-,2. TeV
L 29 e
HAT-CN6
o
-4, 4V
| \ L -5, deV
) \ )
-5. 8eV £
) 40
42
6. deV HOMO
/

7. OeV \
33 32 31
30




Patent Application Publication Dec. 28,2006 Sheet 3 of 16 US 2006/0289882 Al

FI1G. 3

45

40
35

30 3
25

20 \

5 \\\

10

5 T~

0 2

LIGHT EMITTING EFF[CIENCY (cd/A)

.4 6 8 10
L120 FILM THICKNESS (nm)



Patent Application Publication Dec. 28,2006 Sheet 4 of 16 US 2006/0289882 Al

FIG. 4

13
12

\1\\/\\7\5/

\\

11
/ / 10 g
Q[\ /::: A .

\ seresin..




Patent Application Publication Dec. 28,2006 Sheet 5 of 16 US 2006/0289882 Al

2\

FIG. &

\
———l——
\-
P
—

-

k e < s \4 .i
TR COMIOAND
s ‘aate ya— 4 v s v.a vt o) )
RO . etel Ty vt
.
® % a% % ae® S at P aat b S not 0 30 S el tat P et P at B o b ab e gyt dobe RO RO DO




Patent Application Publication Dec. 28,2006 Sheet 6 of 16

FIG. 6

o
:
|

42

US 2006/0289882 A1

VYV

1

—— 951

—+—143
\—1413

A—41b

+— 31
A— 32

-+——33

——42a

T——42b
1T— 44

S A2




Patent Application Publication Dec. 28,2006 Sheet 7 of 16 US 2006/0289882 Al

FIG. 7

1. 00E+02

1. 00E+01

1. 00E+00

1. 00E-01

1.00E-02

1.00E-03

Li RELATIVE INTENSITY

1.00E-04 |

1. 00E-05

0 X 0.2 03 04 0.5
Depth/ ut m
«— GATHODE SIDE ANODE SIDE —



Patent Application Publication Dec. 28,2006 Sheet 8 of 16 US 2006/0289882 Al

FIG. 8
1. 00E+01
=
%’
LIJ .
= Li I Li 0.3nm
L Li 0,8nm>g" ’.</L| 0. 2rm
= 1, 00E+00 } 3
=
a2
=
2
=
O
1. 00E-01 : . . \
0 0.1 0.2 0.3 0.4 0.5
Depth/ t m

«— CATHODE SIDE ANODE SIDE —



Patent Application Publication Dec. 28,2006 Sheet 9 of 16 US 2006/0289882 Al

FIG. 9

—~~— 51

—+— 30

—— 42

n)

\,10b}10

\/106




Patent Application Publication Dec. 28,2006 Sheet 10 of 16 US 2006/0289882 Al

FIG. 10
LUMO

10
10a  10b 42

| )
(]

ORANGE
NPB | LIGHT
EMITTING
LAYER

—5.4eV
HOMO



Patent Application Publication Dec. 28,2006 Sheet 11 of 16 US 2006/0289882 Al

FIG. 11
KOb
— LUNO
NPB
52 2 0 Q
4,
10 oo\ ELECTRON EXTRACTION
. .
-4, 8eV _ 5y
HAT-CNG ® 00
2.2V
y  -1.0d HOMO

&

10a



Patent Application Publication Dec. 28,2006 Sheet 12 of 16 US 2006/0289882 Al

FIG. 12
e 51
A~ 12
30a T~ 41
N—k
30b —F ]30
30c—"
T 42
31
a¥—\
31b ]31
31c—F
A 10




Patent Application Publication Dec. 28,2006 Sheet 13 of 16 US 2006/0289882 Al

FIG. 13
LUMO
e
I L. B NPB 9 6y
-2. TV
L1 9 ey
HAT-CN6
o
-4, 4V
\\ I '5. 43V
D) S ®
-5.8eV £
) 40
42 )
-6.4el HOMO
/
706V \

30c 30b 30a

e

T

30



Patent Application Publication Dec. 28,2006 Sheet 14 of 16 US 2006/0289882 Al

FIG. 14
T~—41
34 - \
31k |
32.__ K » 30
35\/"
33—+ od /
~t~—-42
~A~—-52




Patent Application Publication Dec. 28,2006 Sheet 15 of 16 US 2006/0289882 Al

FIG. 15
LUMO
9,
gy TR O NPB ey
-_2. TeV
L1 9 0y
HAT-CN6
N
“”ﬁ 4,66V
4F-Tona [\
/ 5. 4oV
® \ @
-5.8eV £
) 40
42 )
5.4V HOMO

~1.0eV

[
33 32 31

——

30




Patent Application Publication Dec. 28,2006 Sheet 16 of 16 US 2006/0289882 Al

FIG. 16
LUMO
S
9 gy —TBADN = NPB ey
-2. eV
HAT-CN6
™
—%%v
\\
’“i@ﬁ. 6eV
4F-ToNa |\
/ 5 eV
) \ @
5. 8eV ¢
) 40
2 5w
6. 5eV HOMO
/
-7.0eV \
33 35 31

30



US 2006/0289882 A1l

ORGANIC ELECTROLUMINESCENT ELEMENT
AND ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE

[0001] The priority Japanese Patent Application Numbers
2004-224905, 2004-224906, 2004-224907, 2004-224908,
2004-224909, 2004-224910, 2004-347296, 2005-024212,
2005-050034 and 2005-050035 upon which this patent
application is based is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organic elec-
troluminescent element and an organic electroluminescent
display device.

[0004]

[0005] 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 orgauic thin film, and low carrier mobility in an organic
thin film, improvement in a light emitting efficiency is
limited.

[0006] On the other hand, as other method of improving a
light emitting efficiency, there is a method of laminating a
plurality of light emitting layers. For example, by laminating
an orange light emitting layer and a blue light emitting layer
in a complementary 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 laminated to form a white light emitting element,
a light emitting efficiency of 15 cd/A is obtained.

1. Field of the Invention

2. Description of the Related Art

[0007] However, when 3 or more of light emitting layers
are laminated so that they are directly contacted, improve-
ment in a light emitting efficiency is not obtained. This is
because there is a limitation on expansion of a region for
recombining an electron and a hole, and a recombination
region does not span 3 or more layers.

[0008] In 2004 spring 51% Applied Physics Association
Coupled Lecture, Lecture Abstract, No. 3, pp 1464, Lecture
No. 28p-ZQ-14 “Carrier Recombination-Type Organic EL
Element”, there is reported a method of laminating two light
emitting units via an inorganic semiconductor layer such as
V,0; and ITO, generating a carrier in the interior of an
inorganic semiconductor layer, and supplying a carrier to
two light emitting layers. This method is a method of
utilizing a carrier contained in an inorganic semiconductor
layer and, in order to generate a carrier, a high voltage must
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be applied. For this reason, a driving voltage becomes high
and this cannot be applied to low voltage driving of a
portable equipment.

[0009] In Japanese Patent Application Laid-Open (JP-A)
No.2003-272860, JP-A No.2003-264085, JP-A No.11-
329748 and JP-A No.2004-39617, an organic EL element in
which a plurality of light emitting units are laminated via a
charge generating layer is proposed, but it is necessary to
drive that element at a high voltage, and a high light emitting
efficiency is not obtained.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide, in
an organic EL element provided with at least two light
emitting units, an organic EL element which can be driven
at a low voltage, has a high light emitting efficiency, and can
exhibit a desired emitting color, and an organic EL display
device.

<First Aspect>

[0011] An organic EL element in accordance with a first
aspect of the present invention is provided with a cathode,
an anode, an intermediate unit arranged between a cathode
and an anode, a first light emitting unit arranged between a
cathode and an intermediate unit, and a second light emitting
unit arranged between an anode and an intermediate unit,
and is characterized in that an electron extracting layer for
extracting an electron from an adjacent layer adjoining a
cathode side is provided in an intermediate unit, an absolute
value of an energy level of a lowest unoccupied molecular
orbital (LUMO) of an electron extracting layer |[LUMO (A)),
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of an adjacent layer
|[HOMO (B)| are in the relationship of [HOMO (B)|-|LUMO
(A)|£1.5 eV, and an intermediate unit supplies a hole
generated by extraction of an electron from an adjacent layer
by an electron extracting layer to a first light emitting unit
and, at the same time, supplies the extracted electron to a
second light emitting unit. Hereinafter, regarding matters
common to each aspect of the present invention, they are
explained as the “present invention” in some cases.

[0012] According to the present invention, an intermediate
unit is provided between a first light emitting unit and a
second light emitting unit, and an electron extracting layer
is provided in an intermediate unit. An adjacent layer is
provided on a cathode side of an electron extracting layer.
An absolute value of an energy level of HOMO of an
adjacent layer [HOMO (B)|, and an absolute value of an
energy level of LUMO of an electron extracting layer
ILUMO (A)| are in the relationship of [HOMO (B)|-[LUMO
(A)=1.5 eV. That is, an energy level of LUMO of an
electron extracting layer is a value close to an energy level
of HOMO of an adjacent layer. For this reason, an electron
extracting layer can extract an electron from an adjacent
layer. By this extraction of an electron from an adjacent
layer, a hole is generated in an adjacent layer. When an
adjacent layer is provided in a first light emitting unit, a hole
is generated in a first light emitting unit. On the other hand,
when an adjacent layer is provided between an electron
extracting layer and a first light emitting unit, that is, when
it is provided in an intermediate unit, a hole generated in an
adjacent layer is supplied to a first light emitting unit. A hole
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supplied to a first light emitting unit is recombined with an
electron from a cathode, thereby, a first light emitting unit
emits light.

[0013] On the other hand, an electron extracted by an
electron extracting layer is supplied to a second light emit-
ting unit, and recombined with a hole supplied from an
anode, thereby, a second light emitting unit emits light.

[0014] Therefore, according to the present invention, a
recombination region can be formed in a first light emitting
unit and a second light emitting unit, respectively, thereby,
a first light emitting unit and a second light emitting unit can
emit light separately.

[0015] In the present invention, in order that an electron
extracting layer extracts an electron from an adjacent layer,
it is preferable that an energy level of LUMO of an electron
extracting layer is closer to an energy level of HOMO of an
adjacent layer than an energy level of LUMO of an adjacent
layer. That is, it is preferable that an absolute value of an
energy level of LUMO of an adjacent layer [HOMO (B)|
satisfies the following relationship;

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

[0016] In addition, since an absolute value of an energy
level of LUMO of a material used as an electron extracting
layer is generally smaller than an absolute value of an energy
level of HOMO of an adjacent layer, in such the case,
absolute values of respective energy levels are shown by the
following relation equation.

0 V<HOMO®)|-LUMO(4)|<1.5 eV

[0017] A first light emitting unit and a second light emit-
ting unit in the present invention may be formed of a single
light emitting layer, or may be constructed by laminating a
plurality of light emitting layers so that they are directly
contacted, respectively. However, the present invention is
particularly useful when the present invention has a structure
in which a first light emitting layer and a second light
emitting layer are laminated so that they are directly con-
tacted with two light emitting layers, respectively. That is, in
such the case, when a first light emitting unit and a second
light emitting unit are directly laminated, a structure in
which four light emitting layers are directly laminated is
obtained and, as described above, since there is a limitation
on expansion of a region for recombining an electron and a
hole, a recombination region does not span four light emit-
ting layers. For this reason, recombination is generated at
one place in a thickness direction of four light emitting
layers, and a high light emitting efliciency cannot be
obtained. In addition, since recombination is generated at a
different region from a recombination region when a first
light emitting unit and a second light emitting unit emit light
separately, respectively, a color different from an emitting
color of a first light emitting unit and that of a second light
emitting unit is emitted.

[0018] In accordance with the present invention, by pro-
viding an intermediate unit between a first light emitting unit
and a second light emitting unit, recombination can be
generated in each of a first light emitting unit and a second
light emitting unit. That is, a recombination region can be
formed in a first light emitting unit and a second light
emitting unit, respectively, and a first light emitting unit and
a second light emitting unit can independently emit light,
respectively. For this reason, a high light emitting efficiently
can be obtained and, at the same time, the same color as that
of a light emitting color of a first light emitting unit and a
second light emitting unit can be emitted.
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[0019] In the present invention, it is preferable that an
adjacent layer is formed of a hole transporting material, and
it is particularly preferable that the layer is formed of an
arylamine-based hole transporting material.

[0020] In the present invention, an adjacent layer may be
provided in a light emitting unit. In particular, when a host
material for a light emitting layer situated on an intermediate
unit side in a first light emitting unit is a hole transporting
material suitable as an adjacent layer, a light emitting layer
on an intermediate unit side in a first light emitting unit may
be an adjacent layer.

[0021] Alternatively, in the present invention, an adjacent
layer may be provided in an intermediate unit. When a host
material for a light emitting layer on an intermediate unit
side in a first light emitting unit is not a hole transporting
material suitable as an adjacent layer, since it cannot func-
tion as an adjacent layer in some cases, in such the case, an
adjacent layer may be provided in an intermediate unit. In
such the case, an adjacent layer is arranged between an
electron extracting layer and a first light emitting unit.

[0022] In the present invention, an electron extracting
layer can be used without any limitation as far as an absolute
value of an energy level of LUMO is smaller than an
absolute value of an energy level of HOMO of an adjacent
layer by 1.5 eV. As an embodiment, for example, the layer
can be formed of a pyrazine derivative represented by the
following structural formula.

N \ / N
R>_<R

(wherein Ar represents an aryl group, and R represents an
alkyl group having a carbon number of 1 to 10, an alkyloxy
group having a carbon number of 1 to 10 having a carbon
number of 1 to 10, a dialkylamine group having a carbon
number of 1 to 10, F, Cl, Br, I or CN)

[0023] 1In the present invention, further preferably, an
electron extracting layer can be formed of a hexaazatriph-
enylene derivative represented by the following structural
formula.

—N N—

N\ /N
R>_<R

(wherein R represents hydrogen, an alkyl group having a
carbon number of 1 to 10, an alkyloxy group having a carbon
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number of 1 to 10, a dialkylamine group having a carbon
number of 1 to 10, F, Cl, Br, I or CN)

[0024] 1In a preferable embodiment in accordance with the
present invention, a first light emitting unit and a second
light emitting unit are units which emit substantially the
same color. In this case, it is preferable that those units are
formed by using substantially the same material so that they
have the same structure.

[0025] Tt is preferable that a light emitting layer consti-
tuting a first light emitting unit and a second light emitting
unit in the present invention is formed of a host material and
a dopant material. If necessary, a carrier transporting second
dopant material may be contained. A dopant material may be
a singlet light emitting material, or a triplet light emitting
material (phosphorescent emitting material).

[0026] In the present invention, it is preferable that an
electron injecting layer is provided between an electron
extracting layer and a second light emitting unit. When an
electron injecting layer is formed of a metal lithium, a
thickness thereof is preferably in a range of 0.3 to 0.9 nm.
By making a thickness of an electron injecting layer com-
prising of a metal lithium in such a range, an element life can
be prolonged, and a driving voltage can be reduced. A
further preferable thickness of an electron injecting layer is
in a range of 0.6 to 0.9 nm.

[0027] In addition, it is preferable that an electron trans-
porting layer is provided between an electron injecting layer
and a second light emitting unit. An electron transporting
layer can be formed of a material which is generally used as
an electron transporting material in an organic EL element.

[0028] A bottom emission-type organic electrolumines-
cent display device in accordance with a first aspect of the
present invention comprises an organic electroluminescent
element 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 ele-
ment, in which the organic electroluminescent element is
provided on the active matrix driving substrate and, among
the cathode and the anode, an electrode provided on the
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is provided
with a cathode, an anode, an intermediate unit arranged
between a cathode and an anode, a first light emitting unit
arranged between a cathode and an intermediate unit, and a
second light emitting unit arranged between an anode and an
intermediate unit, an electron extracting layer for extracting
an electron from an adjacent layer adjoining a cathode side
is provided in an intermediate unit, an absolute value of an
energy level of a lowest unoccupied molecular orbital
(LUMO) of an electron extracting layer [LUMO (A)|, and an
absolute value of an energy level of a highest occupied
molecular orbital (HOMO) of an adjacent layer [HOMO (B)|
are in the relationship of [HOMO (B)|-[LUMO (A)|£1.5 eV,
and an intermediate unit supplies a hole generated by
extraction of an electron from an adjacent layer by an
electron extracting layer to a first light emitting unit and, at
the same time, supplies the extracted electron to a second
light emitting unit.

[0029] When an organic electroluminescent element is a
white emitting element, it is preferable that a color filter is
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arranged between an active matrix driving substrate and an
organic electroluminescent element.

[0030] A top emission-type organic electroluminescent
display device in accordance with a first aspect of the present
invention comprises an organic electroluminescent element
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 element, and
a transparent sealing substrate provided opposite to the
active matrix driving substrate, in which an organic elec-
troluminescent element is arranged between an active matrix
driving substrate and a sealing substrate and, among a
cathode and an anode, an electrode provided on a sealing
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is provided
with a cathode, an anode, an intermediate unit arranged
between a cathode and an anode, a first light emitting unit
arranged between a cathode and an intermediate unit, and a
second light emitting unit arranged between an anode and an
intermediate unit, an electron extracting layer for extracting
an electron from an adjacent layer adjoining a cathode side
is provided in an intermediate unit, an absolute value of an
energy level of a lowest unoccupied molecular orbital
(LUMO) of an electron extracting layer [LUMO (A)|, and an
absolute value of an energy level of a highest occupied
molecular orbital (HOMO) of an adjacent layer [ HOMO (B))
are in the relationship of [HOMO (B)|-[LUMO (A)|£1.5 eV,
and an intermediate unit supplies a hole generated by
extraction of an electron from an adjacent layer by an
electron extracting layer to a first light emitting unit and, at
the same time, supplies the extracted electron to a second
light emitting unit.

[0031] When an organic electroluminescent element is a
white emitting element, it is preferable that a color filter is
arranged between a sealing substrate and an organic elec-
troluminescent element.

[0032] In a top emission-type organic electroluminescent
display device of the present invention, light emitted in an
organic electroluminescent element is radiated from a seal-
ing substrate on a side opposite to a side on which an active
matrix is provided. Generally, an active matrix driving
substrate is formed by laminating many layers, and an active
element such as a thin film transistor provided for each pixel
1s not translucent. Therefore, in the case of a bottom emis-
sion-type, emitted light is attenuated due to the presence of
such many layers and the active element such as a thin film
transistor. In the case of a top emission-type, the device can
emit light without undergoing influence of such the active
matrix circuit. In particular, since an organic electrolumi-
nescent element of the present invention has a plurality of
light emitting units, in the case of a top emission-type, a
smaller number of films through which emitted light passes
may be used as compared with a bottom emission type, a
freedom degree of design for controlling attenuation of
emitted light due to interference of light or attenuation of a
visual field angle of emitted light can be enhanced.

[0033] Theorganic EL element and the organic EL display
device of the present invention are an organic EL element
provided with at least two light emitting units, and are an
organic EL element and an organic EL display device which
can be driven at a low voltage, and have a high light emitting
efficiency.
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<Second Aspect>

[0034] An organic EL element in accordance with a sec-
ond aspect of the present invention is provided with a
cathode, an anode, an intermediate unit arranged between a
cathode and an anode, a first light emitting unit arranged
between a cathode and an intermediate unit, and a second
light emitting unit which is arranged between an anode and
an intermediate unit, and emits a color substantially different
from that of a first light emitting unit, and characterized in
that an electron extracting layer for extracting an electron
from an adjacent layer adjoining a cathode side is provided
in an intermediate unit, an absolute value of an energy level
of a lowest unoccupied molecular orbital (LUMO) of an
electron extracting layer [LUMO (A)|, and an absolute value
of an energy level of a highest occupied molecular orbital
(HOMO) of an adjacent layer [HOMO (B)| are in the
relationship of [HOMO (B)|-[LUMO (A)|£1.5 ¢V, and an
intermediate unit supplies a hole generated by extraction of
an electron from an adjacent layer by an electron extracting
layer to a first light emitting unit and, at the same time,
supplies the extracted electron to a second light unit.

[0035] 1In accordance with a second aspect of the present
invention, by providing an intermediate unit between a first
light emitting unit and a second light emitting unit, recom-
bination can be generated in a first light emitting unit and a
second light emitting unit, respectively. That is, a recombi-
nation region can be formed in each of a first light emitting
unit and a second light emitting unit, and a first light emitting
unit and a second light emitting unit can independently emit
light, respectively. For this reason, a high light emitting
efficiency can be obtained and, at the same time, the color
combined with each color of a first light emitting unit and a
second light emitting unit can be emitted.

[0036] In the present invention, it is preferable that an
electron injecting layer in an intermediate unit can be
formed of an alkali metal such as Li and Cs, an alkali metal
oxide such as 11,0, an alkaline earth metal, or an alkali earth
metal oxide.

[0037] A bottom emission-type organic electrolumines-
cent display device in accordance with a second aspect of the
present invention comprises an organic electroluminescent
element 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 ele-
ment, in which the organic electroluminescent element is
provided on the active matrix driving substrate and, among
the cathode and the anode, an electrode provided on the
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is provided
with a cathode, an anode, an intermediate unit arranged
between a cathode and an anode, a first light emitting unit
arranged between a cathode and an intermediate unit, and a
second light emitting unit which is arranged between an
anode and an intermediate unit, and emit color substantially
different from that of a first light emitting unit, an electron
extracting layer for extracting an electron from an adjacent
layer adjoining a cathode side is provided in an intermediate
unit, an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) of an electron
extracting layer [LUMO (A)|, and an absolute value of an
energy level of a highest occupied molecular orbital
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(HOMO) of an adjacent layer [HOMO (B)| are in the
relationship of [HOMO (B)|-[LUMO (A)|£1.5 &V, and an
intermediate unit supplies a hole generated by extraction of
an electron from an adjacent layer by an electron extracting
layer to a first light emitting unit and, at the same time,
supplies the extracted electron to a second light emitting
unit.

[0038] A top emission-type organic electroluminescent
display device in accordance with a second aspect of the
present invention comprises an organic electroluminescent
element 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-
ment, and a transparent sealing substrate provided opposite
to the active matrix driving substrate, in which an organic
electroluminescent element is arranged between an active
matrix driving substrate and a sealing substrate and, among
a cathode and an anode, an electrode provided on a sealing
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is provided
with a cathode, an anode, an intermediate unit arranged
between a cathode and an anode, a first light emitting unit
arranged between a cathode and an intermediate unit, and a
second light emitting unit which is arranged between an
anode and an intermediate unit, and emit color substantially
different from that of a first light emitting unit, an electron
extracting layer for extracting an electron from an adjacent
layer adjoining a cathode side is provided in an intermediate
unit, an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) of an electron
extracting layer [LUMO (A)|, and an absolute value of an
energy level of a highest occupied molecular orbital
(HOMO) of an adjacent layer |[HOMO (B)| are in the
relationship of [HOMO (B)|-[LUMO (A)|£1.5 eV, and an
intermediate unit supplies a hole generated by extraction of
an electron from an adjacent layer by an electron extracting
layer to a first light emitting unit and, at the same time,
supplies the extracted electron to a second light emitting
unit.

[0039] The organic EL element and the organic EL display
device in accordance with a second aspect of the present
invention are an organic EL element provided with at least
two light emitting units which emit substantially difference
colors, and are an organic EL element and an organic EL
display device which can be driven at a low voltage, have a
high light emitting efliciency, and exhibit a desired emitted
color.

<Third Aspect>

[0040] An organic EL element in accordance with a third
aspect of the present invention is provided with a cathode,
an anode, an intermediate unit arranged between a cathode
and an anode, a first light emitting unit arranged between a
cathode and an intermediate unit, and a second light emitting
unit emitting a color arranged between an anode and an
intermediate unit, and is characterized in that an electron
extracting layer for extracting an electron from an adjacent
layer adjoining a cathode side is provided in an intermediate
unit, an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) of an electron
extracting layer [LUMO (A)|, and an absolute value of an
energy level of a highest occupied molecular orbital
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(HOMO) of an adjacent layer are in the relationship of
[HOMO (B)|-|[LUMO (A)|£1.5 eV, a light emitting layer
situated on an intermediate unit of a first light emitting unit
contains an arylamine-based hole transporting material, the
light emitting layer is provided adjoining an electron extract-
ing layer so as to function as an adjacent layer, and an
intermediate unit supplies a hole generated by extraction of
an electron from the light emitting layer by an electron
extracting layer to a first light emitting unit and, at the same
time, supplies the extracted electron to a second light
emitting unit.

[0041] According to a third aspect of the present inven-
tion, an intermediate unit is provided between a first light
emitting unit, and a second light emitting unit, and an
electron extracting layer is provided in an intermediate unit.
In addition, a light emitting layer situated on an intermediate
unit side of a first light emitting unit contains an arylamine-
based hole transporting material, and the light emitting layer
is provided adjoining an electron extracting layer. Therefore,
in a third aspect, the light emitting layer functions as an
adjacent layer. In accordance with a third aspect of the
present invention, by making a light emitting layer situated
on an intermediate unit side of a first light emitting unit
function as an adjacent layer, a driving voltage can be
lowered, and a light emitting efliciency can be enhanced as
compared with the case where an adjacent layer is provided
in an intermediate unit.

[0042] In a third aspect of the present invention, an
arylamine-based hole transporting material is contained in a
light emitting layer situated on an intermediate unit side of
a first light emitting unit. An arylamine-based hole trans-
porting material is contained in the light emitting layer
preferably at 50% by weight or more, further preferably at
70% by weight or more. It is preferable that the arylamine-
based hole transporting material is contained as a host
material in the light emitting layer.

[0043] A bottom emission-type organic electrolumines-
cent display device in accordance with a third aspect of the
present invention comprises an organic electroluminescent
element 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 ele-
ment, in which the organic electroluminescent element is
provided on the active matrix driving substrate and, among
the cathode and the anode, an electrode provided on the
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is provided
with a cathode, an anode, an intermediate unit arranged
between a cathode and an anode, a first light emitting unit
arranged between a cathode and the intermediate unit, and a
second light emitting unit arranged between an anode and
the intermediate unit, an electron extracting layer for extract-
ing an electron from an adjacent layer adjoining a cathode
side 1s provided in an intermediate unit, an absolute value of
an energy level of a lowest unoccupied molecular orbital
(LUMO) of an electron extracting layer [LUMO (A)|, and an
absolute value of an energy level of a highest occupied
molecular orbital (HOMO) of an adjacent layer [ HOMO (B)|
are in the relationship of [HOMO (B)|-[LUMO (A)|£1.5 €V,
a light emitting layer situated on an intermediate unit of a
first light emitting unit contains an arylamine-based hole
transporting material, the light emitting layer is provided
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adjoining an electron extracting layer so as to function as the
adjacent layer, and an intermediate unit supplies a hole
generated by extraction of an electron from a light emitting
layer by an electron extracting layer to a first light emitting
unit, and supplies the extracted electron to a second light
emitting unit.

[0044] A top emission-type organic electroluminescent
display device in accordance with a third aspect of the
present invention comprises an organic electroluminescent
element 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-
ment, and a transparent sealing substrate provided opposite
to the active matrix driving substrate, in which an organic
electroluminescent element is arranged between an active
matrix driving substrate and a sealing substrate and, among
a cathode and an anode, an electrode provided on a sealing
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is provided
with a cathode, an anode, an intermediate unit arranged
between a cathode and an anode, a first light emitting unit
arranged between a cathode and the intermediate unit, and a
second light emitting unit arranged between an anode and
the intermediate unit, an electron extracting layer for extract-
ing an electron from an adjacent layer adjoining a cathode
side is provided in an intermediate unit, an absolute value of
an energy level of a lowest unoccupied molecular orbital
(LUMO) of an electron extracting layer [LUMO (A)|, and an
absolute value of an energy level of a highest occupied
molecular orbital (HOMO) of an adjacent layer [ HOMO (B)|
are in the relationship of [HOMO (B)|-[LUMO (A)|£1.5 eV,
a light emitting layer situated on an intermediate unit of a
first light emitting unit contains an arylamine-based hole
transporting material, the light emitting layer is provided
adjoining an electron extracting layer so as to function as the
adjacent layer, and an intermediate unit supplies a hole
generated by extraction of an electron from a light emitting
layer by an electron extracting layer to a first light emitting
unit, and supplies the extracted electron to a second light
emitting unit.

[0045] The organic EL element and the organic EL display
device in accordance with a third aspect of the present
invention are an organic EL element provided with at least
two light emitting units, and are an organic EL element and
an organic EL display device which can be driven at a low
voltage, and have a high light emitting efficiency.

<Fourth Aspect>

[0046] An organic EL element in accordance with a fourth
aspect of the present invention is provided with a cathode,
an anode, an intermediate unit arranged between a cathode
and an anode, a first light emitting unit arranged between a
cathode and an intermediate unit, and a second light emitting
unit arranged between an anode and an intermediate unit,
and is characterized in that an electron extracting layer for
extracting an electron from an adjacent layer adjoining a
cathode side, and an electron injecting layer adjoining an
anode side of an electron extracting layer are provided in an
intermediate unit, an absolute value of an energy level of a
lowest unoccupied molecular orbital (LUMO) of an electron
extracting layer [LUMO (A)|, and an absolute value of an
energy level of a highest occupied molecular orbital
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(HOMO) of an adjacent layer [HOMO (B)| are in the
relationship of [HOMO (B)|-|[LUMO (A)|£1.5 eV, an abso-
lute value of an energy level of a lowest unoccupied molecu-
lar orbital (LUMO) of an electron injecting layer [LUMO
(C)| or an absolute value of a work function |[WF (C)| is
smaller than [LUMO (A)), and an intermediate unit supplies
a hole generated by extraction of an electron from an
adjacent layer by an electron extracting layer and, at the
same time, supplies the extracted electron to a second light
emitting unit via an electron injecting layer.

[0047] In a fourth aspect of the present invention, an
absolute value of an energy level of LUMO of an electron
injecting layer [LUMO (C)| or an absolute value of a work
function [WF (C)| is smaller than an absolute value of an
energy level of LUMO of an electron extracting layer
|ILUMO (A)|. For this reason, an electron extracted by an
electron extracting layer is moved to an electron injecting
layer, and is supplied to a second light emitting unit from an
electron injecting layer.

[0048] In the present invention, it is preferable that a
thickness of an electron extracting layer is in a range of 8 to
100 nm. By adopting such the range, an organic electrolu-
minescent element excellent in life property and a light
emitting efficiency is obtained. When a thickness of an
electron extracting layer is less than 8 nm, life property and
a light emitting efficiency are reduced in some cases. In
addition, when a thickness of an electron extracting layer
exceeds 100 nm, life property and a light emitting efficiency
are reduced and, further, a dark spot is generated in some
cases. A further preferable thickness of an electron extract-
ing layer is in a range of 10 to 80 nm and, particularly
preferably, the thickness is in a range of 10 to 30 nm.

[0049] A bottom emission-type organic electrolumines-
cent display device in accordance with a fourth aspect of the
present invention comprises an organic electroluminescent
element 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 ele-
ment, in which the organic electroluminescent element is
provided on the active matrix driving substrate and, among
the cathode and the anode, an electrode provided on the
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is provided
with a cathode, an anode, an intermediate unit arranged
between a cathode and an anode, a first light emitting unit
arranged between a cathode and an intermediate unit, and a
second light emitting unit arranged between an anode and an
intermediate unit, an electron extracting layer for extracting
an element from an adjacent layer adjoining a cathode side,
and an electron injecting layer adjoining an anode side of an
electron extracting layer are provided in an intermediate
unit, an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) of an electron
extracting layer [LUMO (A)|, and an absolute value of an
energy level of a highest occupied molecular orbital
(HOMO) of an adjacent layer [HOMO (B)| are in the
relationship of [HOMO (B)|-[LUMO (A)|£1.5 eV, an abso-
lute value of an energy level of a lowest unoccupied molecu-
lar orbital (LUMO) of an electron injecting layer [LUMO
(C)| or an absolute value of a work function [WF (C)| is
smaller than [LUMO (A)), and an intermediate unit supplies
a hole generated by extraction of an electron from an
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adjacent layer by an electron extracting layer to a first light
emitting unit and, at the same time, supplies the extracted
electron to a second light emitting unit via an electron
injecting layer.

[0050] A top emission-type organic electroluminescent
display device in accordance with a fourth aspect of the
present invention comprises an organic electroluminescent
element 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-
ment, and a transparent sealing substrate provided opposite
to the active matrix driving substrate, in which an organic
electroluminescent element is arranged between an active
matrix driving substrate and a sealing substrate and, among
a cathode and an anode, an electrode provided on a sealing
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is provided
with a cathode, an anode, an intermediate unit arranged
between a cathode and an anode, a first light emitting unit
arranged between a cathode and an intermediate unit, and a
second light emitting unit arranged between an anode and an
intermediate unit, an electron extracting layer for extracting
an element from an adjacent layer adjoining a cathode side,
and an electron injecting layer adjoining an anode side of an
electron extracting layer are provided in an intermediate
unit, an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) of an electron
extracting layer [LUMO (A)|, and an absolute value of an
energy level of a highest occupied molecular orbital
(HOMO) of an adjacent layer [HOMO (B)| are in the
relationship of [HOMO (B)|-|[LUMO (A)|£1.5 €V, an abso-
lute value of an energy level of a lowest unoccupied molecu-
lar orbital (LUMO) of an electron injecting layer [LUMO
(C)| or an absolute value of a work function [WF (C)| is
smaller than LUMO (A)], and an intermediate unit supplies
a hole generated by extraction of an electron from an
adjacent layer by an electron extracting layer to a first light
emitting unit and, at the same time, supplies the extracted
electron to a second light emitting unit via an electron
injecting layer.

[0051] The organic EL element and the organic EL display
device in accordance with a fourth aspect of the present
invention are an organic EL element provided with at least
two light emitting units, and are an organic EL element and
an organic EL display device which can be driven at a low
voltage, and have a high light emitting efficiency.

<Fifth Aspect>

[0052] An organic El element in accordance with a fifth
aspect of the present invention is an organic electrolumi-
nescent element provided with a cathode, an anode, an
intermediate unit arranged between a cathode and an anode,
a first light emitting unit arranged between a cathode and an
intermediate unit, a second light emitting unit arranged
between an anode and an intermediate unit, and a hole
injecting unit arranged between an anode and a second light
emitting unit, in which an electron extracting layer for
extracting an electron from an adjacent layer adjoining a
cathode side is provided in an intermediate unit, an absolute
value of an energy level of a lowest unoccupied molecular
orbital (LUMO) of an electron extracting layer [LUMO (A),
and an absolute value of an energy level of a highest
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occupied molecular orbital (HOMO) of an adjacent layer
|[HOMO (B)| are in the relationship of [HOMO (B)|-|LUMO
(A)£1.5 eV, and an intermediate unit supplies a hole
generated by extraction of an electron from an adjacent layer
by an electron extracting layer to a first light emitting unit
and, at the same time, supplies the extracted electron to a
second light emitting unit, and is characterized in that a hole
injecting unit is constructed of a hole injecting layer com-
prising an arylamine-based hole transporting material, and a
hole injection promoting layer arranged between the hole
injecting layer and the anode, and an absolute value of an
energy level of a highest occupied molecular orbital
(HOMO) of a hole injection promoting layer [HOMO (X)),
as well as an absolute value of a work function of an anode
|[WF (Y)| and an absolute value of an energy level of a
highest occupied molecular orbital (HOMO) of a hole
injecting layer [HOMO (Z)| have the relationship of |WF
(Y) < HOMO (X)|<HOMO (7).

[0053] According to a fifth aspect of the present invention,
a hole injecting unit is provided between an anode and a
second light emitting unit, and a hole injecting unit is
constructed of a hole injecting layer comprising an ary-
lamine-based hole transporting material, and a hole injection
promoting layer arranged between the hole injecting layer
and an anode. In addition, an absolute value of an energy
level of HOMO of a hole injection promoting layer [ HOMO
(X), as well as an absolute value of a work function of an
anode [WF (Y)| and an absolute value of an energy level of
HOMO of a hole injecting layer [HOMO (7) have the
relationship of |[WF (Y)|<HOMO (X)|<JHOMO (Z)|. Since
an anode, a hole injection promoting layer and a hole
injecting layer have the relationship of [WF (Y)|<HOMO
(X) <[HOMO (Z)|, a hole from an anode is effectively moved
to ahole injection promoting layer and a hole injecting layer,
and is supplied to a second light emitting unit.

[0054] An organic EL element in accordance with a fifth
aspect of the present invention is provided with at least two
light emitting units of a first light emitting unit and a second
light emitting unit, and an intermediate unit arranged
between these light emitting units, and an electron extracting
layer for extracting an electron from an adjacent layer is
provided in an intermediate unit. By extraction of an elec-
tron from an adjacent layer of this electron extracting layer,
a hole is generated in an adjacent layer, and this hole is
supplied to a first light emitting unit. For this reason, a hole
is effectively supplied to a first light emitting unit. As a
result, as compared with a first light emitting unit, supply of
a hole to a second light emitting unit is not sufficient, and a
balance between a light emitting intensity of a first light
emitting unit, and a light emitting intensity of a second light
emitting unit is worsened in some cases.

[0055] According to a fifth aspect of the present invention,
since a hole injecting unit consisting of the aforementioned
hole injecting layer and a hole injection promoting layer is
provided on an anode side of a second light emitting unit,
injection of a hole into a second light emitting unit can be
promoted, and a light emitting intensity of a second light
emitting unit can be enhanced. Therefore, according to a
fifth aspect of the present invention, a first light emitting unit
and a second light emitting unit can emit light at a better
balance, and a desired emitting color can be obtained.

[0056] In a fifth aspect of the present invention, a hole
injecting layer of a hole injecting unit is formed of an
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arylamine-based hole transporting material. Examples of the
arylamine-based hole transporting matetial include N,N'-
bis-(3-methylphenyl)-N,N'-bis-(phenyl)-benzidine ~ (TPD)
and N,N'-di(naphthacen-1-y1)-N,N'-diphenylbenzidine
(NPB).

[0057] In addition, a hole injection promoting layer of a
hole injecting unit can be used without any limitation as far
as its absolute value of an energy level of HOMO satisfies
a relationship of the aforementioned equation.

[0058] A bottom emission-type organic electrolumines-
cent display device in accordance with a fifth aspect of the
present invention comprises an organic electroluminescent
element 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 ele-
ment, in which the organic electroluminescent element is
provided on the active matrix driving substrate and, among
the cathode and the anode, an electrode provided on the
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is an organic
electroluminescent element provided with a cathode, an
anode, an intermediate unit arranged between a cathode and
an anode, a first light emitting unit arranged between a
cathode and an intermediate unit, a second light emitting
unit arranged between an anode and an intermediate unit,
and a hole injecting unit arranged between an anode and a
second light emitting unit, an electron extracting layer for
extracting an electron from an adjacent layer adjoining a
cathode side is provided in an intermediate unit, an absolute
value of an energy level of a lowest unoccupied molecular
orbital (LUMO) of an electron extracting layer [LUMO (A)),
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of an adjacent layer
|[HOMO (B)| are in the relationship of [HOMO (B)|-|LUMO
(A)|<1.5 €V, and an intermediate unit supplies a hole gen-
erated by extraction of an electron from an adjacent layer by
an electron extracting layer to a first light emitting unit and,
at the same time, supplies the extracted element to a second
light emitting unit, in which a hole injecting unit is con-
structed of a hole injecting layer comprising an arylamine-
based hole transporting material, and a hole injection pro-
moting layer arranged between the hole injecting layer and
an anode, and an absolute value of an energy level of a
highest unoccupied molecular orbital (HOMO) of a hole
injection promoting layer [HOMO (X)), as well as an abso-
lute value of a work function of an anode [WF (Y)| and an
absolute value of an energy level of a highest occupied
molecular orbital (HOMO) of a hole injecting layer [HOMO
(2)] have a relationship of |[WF (Y)|<HOMO (X)|<HOMO

@)

[0059] A top emission-type organic electroluminescent
display device in accordance with a fifth aspect of the
present invention comprises an organic electroluminescent
element 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-
ment, and a transparent sealing substrate provided opposite
to the active matrix driving substrate, in which an organic
electroluminescent element is arranged between an active
matrix driving substrate and a sealing substrate and, among
a cathode and an anode, an electrode provided on a sealing
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substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is an organic
electroluminescent element provided with a cathode, an
anode, an intermediate unit arranged between a cathode and
an anode, a first light emitting unit arranged between a
cathode and an intermediate unit, a second light emitting
unit arranged between an anode and an intermediate unit,
and a hole injecting unit arranged between an anode and a
second light emitting unit, an electron extracting layer for
extracting an electron from an adjacent layer adjoining a
cathode side is provided in an intermediate unit, an absolute
value of an energy level of a lowest unoccupied molecular
orbital (LUMO) of an electron extracting layer [LUMO (A)|,
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of an adjacent layer
|[HOMO (B)| are in the relationship of [HOMO (B)|-|LUMO
(A)<1.5 eV, and an intermediate unit supplies a hole gen-
erated by extraction of an electron from an adjacent layer by
an electron extracting layer to a first light emitting unit and,
at the same time, supplies the extracted element to a second
light emitting unit, in which a hole injecting unit is con-
structed of a hole injecting layer comprising an arylamine-
based hole transporting material, and a hole injection pro-
moting layer arranged between the hole injecting layer and
an anode, and an absolute value of an energy level of a
highest unoccupied molecular orbital (HOMO) of a hole
injection promoting layer [HOMO (X)), as well as an abso-
lute value of a work function of an anode |WF (Y)| and an
absolute value of an energy level of a highest occupied
molecular orbital (HOMO) of a hole injecting layer [HOMO
(7)] have a relationship of |[WF (Y)|<HOMO (X)|<HOMO

@)

[0060] The organic EL element and the organic EL display
device in accordance with a fifth aspect of the present
invention are an organic EL element provided with at least
two light emitting units, and are an organic EL element and
an organic EL display device which can be driven at a low
voltage, have a high light emitting efficiency, and exhibit a
desired light emitting color.

<Sixth Aspect>

[0061] An organic EL element in accordance with a sixth
aspect of the present invention is an organic EL element
provided with a cathode, an anode, a light emitting unit
arranged between a cathode and an anode, and a hole
injecting unit arranged between an anode and a light emit-
ting unit, and is characterized in that a hole injecting unit has
a first electron extracting layer provided on an anode side,
and a first adjacent layer comprising a hole transporting
material provided adjoining a first electron extracting layer.

[0062] A hole injecting unit in a sixth aspect of the present
invention has a first electron extracting layer, and a first
adjacent layer, a first electron extracting layer is provided on
an anode side, and a first adjacent layer is provided on a
cathode side, and adjoins a first electron extracting layer. A
first adjacent layer comprises a hole transporting material
and, by applying a voltage to an organic EL element, an
electron in a first adjacent layer is extracted by a first
electron extracting layer. By this electron extraction, a hole
is generated in a first adjacent layer, and this hole is supplied
to a light emitting unit. In a light emitting unit, a supplied
hole is recombined with an electron from a cathode, and a
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light emitting unit emits light. On the other hand, an electron
extracted by a first electron extracting layer is absorbed in an
anode.

[0063] As described above, in the present invention, by
extraction of an electron by a first electron extracting layer
from a first adjacent layer, a hole is generated in a first
adjacent layer, and this hole is supplied to a light emitting
unit. For this reason, according to a sixth aspect of the
present invention, a hole can be effectively supplied to a
light emitting unit from a hole injecting unit. Therefore, a
driving voltage can be reduced, and a light emitting effi-
ciency can be enhanced. In a sixth aspect of the present
invention, an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) of a first electron
extracting layer of a hole injecting unit [LUMO (A,)|, and an
absolute value of an energy level of a highest occupied
molecular orbital (HOMO) of a first adjacent layer [HOMO
(B,)| are preferably in a relationship of [HOMO (B,)/-
ILUMO (A))|£1.5 eV. That is, it is preferable that an energy
level of LUMO of a first electron extracting layer is a value
close to an energy level of HOMO of a first adjacent layer.
Therefore, a first electron extracting layer becomes possible
to easily extract an electron from a first adjacent layer, and
many holes can be generated by a first adjacent layer.
Therefore, a driving voltage can be further reduced, and a
light emitting efficiency can be further improved.

[0064] In a sixth aspect of the present invention, a light
emitting unit may be a single light emitting unit, or may be
a combination of a plurality of light emitting units. When a
plurality of light emitting units are combined, as in the
aforementioned present invention, it is preferable that they
are combined by holding an intermediate unit. Specifically,
it is preferable that a first light emitting unit provided on a
cathode side, and a second light emitting unit provided on an
anode side are possessed, holding an intermediate unit. In
addition, it is preferable that an intermediate unit is provided
with the same electron extracting layer and adjacent layer as
those of a hole injecting unit, thereby, a hole can be supplied
to a first light emitting unit.

[0065] In a sixth aspect of the present invention, first and
second adjacent layers are formed of preferably a hole
transporting material, particularly preferably an arylamine-
based hole transporting material.

[0066] Ina sixth aspect of the present invention, a second
adjacent layer of an intermediate unit may be provided in a
first light emitting unit. In particular, when a host material of
a light emitting layer situated on an intermediate unit in a
first light emitting unit is a hole transporting material
suitable as a second adjacent layer, a light emitting layer on
an intermediate unit side in a first light emitting unit can be
a second adjacent layer.

[0067] In addition, in a sixth aspect of the present inven-
tion, a second adjacent layer may be provided in an inter-
mediate unit. When a host material in a light emitting layer
on an intermediate unit side in a first light emitting unit is not
a hole transporting material suitable as a second adjacent
layer, since it cannot function as a second adjacent layer in
some cases and, in such the case, a second adjacent layer can
be provided in an intermediate unit. In such the case, a
second adjacent layer is arranged between a second electron
extracting layer and a first light emitting unit.
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[0068] In the present invention, first and second electron
extracting layers can be formed, for example, of a pyrazine
derivative represented by the aforementioned structural for-
mula.

[0069] In the present invention, first and second electron
extracting layers can be further preferably formed of a
hexaazatriphenylene derivative represented by the afore-
mentioned structural formula.

[0070] A bottom emission-type organic electrolumines-
cent display device in accordance with a sixth aspect of the
present invention comprises an organic electroluminescent
element 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 ele-
ment, in which the organic electroluminescent element is
provided on the active matrix driving substrate and, among
the cathode and the anode, an electrode provided on the
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is an organic
electroluminescent element provided with a cathode, an
anode, a light emitting unit arranged between a cathode and
an anode, and a hole injecting unit arranged between an
anode and a light emitting unit, and a hole injecting unit has
a first electron extracting layer provided on an anode side,
and a first adjacent layer comprising a hole transporting
material provided adjoining a first electron extracting layer
on a cathode side.

[0071] A top emission-type organic electroluminescent
display device in accordance with a sixth aspect of the
present invention comprises an organic electroluminescent
element 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-
ment, and a transparent sealing substrate provided opposite
to the active matrix driving substrate, in which an organic
electroluminescent element is arranged between an active
matrix driving substrate and a sealing substrate and, among
a cathode and an anode, an electrode provided on a sealing
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is an organic
electroluminescent element provided with a cathode, an
anode, a light emitting unit arranged between a cathode and
an anode, and a hole injecting unit arranged between an
anode and a light emitting unit, and a hole injecting unit has
a first electron extracting layer provided on an anode side,
and a first adjacent layer comprising a hole transporting
material provided adjoining a first electron extracting layer
on a cathode side.

[0072] The organic EL element and the organic EL display
device in accordance with a sixth aspect of the present
invention are an organic EL. element and an organic EL
display device which can be driven at a low voltage, and
have a high light emitting efficiency.

<Seventh Aspect>

[0073] An organic EL element in accordance with a sev-
enth aspect of the present invention is an organic electrolu-
minescent element provided with a cathode, an anode, a
plurality of light emitting units arranged between a cathode
and an anode, and an intermediate unit arranged between
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light emitting units, in which an intermediate unit has an
electron transporting layer provided on an anode side, and an
electron extracting layer provided on a cathode side, an
electron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of an
electron extracting layer, an absolute level of an energy level
of a lowest unoccupied molecular orbital (LUMO) of an
electron extracting layer [LUMO (A)|, and an absolute value
of an energy level of a highest occupied molecular orbital
(HOMO) of an adjacent layer [HOMO (B)| are in the
relationship of [HOMO (B)|-[LUMO (A)|£1.5 &V, and an
intermediate unit supplies a hole generated by extraction of
an electron from an adjacent layer by an electron extracting
layer to a light emitting unit on a cathode side and, at the
same time, supplies the extracted electron to a light emitting
unit on an anode side via an electron transporting layer, and
is characterized in that an electron transporting layer is
provided also between a cathode, and a light emitting unit
closest to a cathode, a film thickness of each electron
transporting layer is set to be greater as it becomes more
distant from a cathode, and to be 40 nm or smaller.

[0074] In the previous organic EL element provided with
a plurality of light emitting units, injection of an electron is
performed smoothly in a light emitting unit closer to a
cathode, but injection of an electron becomes smaller in a
light emitting unit far from a cathode. For this reason, a light
emitting intensity in a light emitting unit far from a cathode
becomes relatively weak, and there is a problem that a high
light emitting efficiency cannot be obtained. In a seventh
aspect of the present invention, a film thickness of each
electron transporting layer is set to be greater as it becomes
more distant from a cathode. For this reason, injection of an
electron in a light emitting unit far from a cathode is
enhanced, and a light emitting intensity in a light emitting
unit far from a cathode can be relatively enhanced. As a
result, a balance of a light emitting intensity in each light
emitting unit can be improved, and a light emitting effi-
ciency as a whole element can be improved.

[0075] In addition, in a seventh aspect of the present
invention, a film thickness of each electron transporting
layer s set to be 40 nm or smaller. When a film thickness of
an electron transporting layer exceeds 40 nm, since an
electron is not moved smoothly, there is a tendency that a
light emitting efficiency is reduced.

[0076] In addition, when a plurality of light emitting units
are provided, as in the aforementioned injection of an
electron, injection of a hole into a light emitting umt
becomes insufficient in some cases, as an anode becomes
more distant from an anode. In an intermediate unit, a hole
is injected from an electron extracting layer. Therefore,
when a hole injecting layer is provided between an anode,
and a light emitting unit closest to an anode, it is preferable
that film thicknesses of the hole injecting layer and each
electron extracting layer are set to be greater as they become
more distant from an anode. By setting film thicknesses of
a hole injecting layer and each electron extracting layer like
this, also in light emitting unit far from an anode, a hole can
be sufficiently injected, a balance of a light emitting intensity
in each light emitting unit can be improved, and a light
emitting efficiency as a whole element can be further
enhanced.

[0077] Ttis preferable that a hole injecting layer and each
electron extracting layer are set to be 100 nm or smaller.
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When film thicknesses of a hole injecting layer and each
electron extracting layer exceeds 100 nm, movement of a
hole is conversely prevented, and there is a tendency that a
light emitting intensity is reduced.

[0078] An organic EL element in accordance with other
embodiment of a seventh aspect of the present invention is
characterized in that film thicknesses of a hole injecting
layer and each electron extracting layer are set to be greater
as they become more distant from an anode, and are set to
be 100 nm or smaller as described above.

[0079] An organic EL element in accordance with other
embodiment of a seventh aspect of the present invention is
an organic electroluminescent element provided with a
cathode, an anode, a plurality of light emitting units
arranged between a cathode and an anode, and an interme-
diate unit arranged between light emitting units, in which an
intermediate unit has an electron transporting layer provided
on an anode side, and an electron extracting layer provided
on a cathode side, an electron extracting layer is a layer for
extracting an electron from an adjacent layer adjoining a
cathode side of an electron extracting layer, an absolute
value of an energy level of a lowest unoccupied molecular
orbital (LUMO) of an electron extracting layer [LUMO (A)|,
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of an adjacent layer
|[HOMO (B)| are in the relationship of [HOMO (B)|-[LUMO
(A)=15 eV, and an intermediate unit supplies a hole
generated by extraction of an electron from an adjacent layer
by an electron extracting layer to a light emitting unit on a
cathode side and, at the same time, supplies the extracted
electron to a light emitting unit on an anode side via an
electron transporting layer, and is characterized in that a hole
injecting layer is provided between an anode, and a light
emitting unit closest to an anode, and film thicknesses of the
hole injecting layer and each electron extracting layer are set
to be greater as they become more distant from an anode,
and a set to be 100 nm or smaller.

[0080] In a seventh aspect of the present invention, by
arranging an intermediate unit between a plurality of light
emitting units, and supplying a carrier from the intermediate
unit, a light emitting unit is made to emit light. The function
of an intermediate unit is as described above.

[0081] In addition, in a seventh aspect of the present
invention, electron transporting layers on a cathode side and
in an intermediate unit can be formed of a material which is
generally used as an electron transporting material in an
organic EL element. Examples include a phenanthroline
derivative, a silol derivative, a triazole derivative, a quino-
linol metal complex derivative, and an oxadiazole deriva-
tive.

[0082] A bottom emission-type organic electrolumines-
cent display device in accordance with a seventh aspect of
the present invention comprises an organic electrolumines-
cent element 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 elec-
troluminescent element, in which the organic electrolumi-
nescent element is provided on the active matrix driving
substrate and, among the cathode and the anode, an elec-
trode provided on the substrate side is a transparent elec-
trode, and is characterized in that an organic electrolumi-
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nescent element is an organic electroluminescent element
provided with a cathode, an anode, a plurality of light
emitting units arranged between a cathode and an anode, and
an intermediate unit arranged between light emitting units,
in which an intermediate unit has an electron transporting
layer provided on an anode side, and an electron extracting
layer provided on a cathode side, an electron extracting layer
is a layer for extracting an electron from an adjacent layer
adjoining a cathode side of an electron extracting layer, an
absolute value of an energy level of a lowest unoccupied
molecular orbital (LUMO) of an electron extracting layer
ILUMO (A)|, and an absolute value of an energy level of a
highest occupied molecular orbital (HOMO) of an adjacent
layer [HOMO (B)| are in the relationship of [HOMO (B)|-
ILUMO (A)|£1.5 €V, and an intermediate unit supplies a
hole generated by extraction of an electron from an adjacent
layer by an electron extracting layer to a light emitting unit
on a cathode side and, at the same time, supplies the
extracted electron to a light emitting unit of an anode side
via an electron transporting layer, an electron transporting
layer is provided also between a cathode, and a light
emitting unit closest to a cathode, and a film thickness of
each electron transporting layer is set to be greater as it
becomes more distant from a cathode, and is set to be 40 nm
or smaller.

[0083] A top emission-type organic electroluminescent
display device in accordance with a seventh aspect of the
present invention comprises an organic electroluminescent
element 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-
ment, and a transparent sealing substrate provided opposite
to the active matrix driving substrate, in which an organic
electroluminescent element is arranged between an active
matrix driving substrate and a sealing substrate and, among
a cathode and an anode, an electrode provided on a sealing
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent element is an organic
electroluminescent element provided with a cathode, an
anode, a plurality of light emitting units arranged between a
cathode and an anode, and an intermediate unit arranged
between light emitting units, in which an intermediate unit
has an electron transporting layer provided on an anode side,
and an electron extracting layer provided on a cathode side,
an electron extracting layer is a layer for extracting an
electron from an adjacent layer adjoining a cathode side of
an electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital (LUMO) of
an electron extracting layer [LUMO (A)], and an absolute
value of an energy level of a highest occupied molecular
orbital (HOMO) of an adjacent layer [HOMO (B)| are in the
relationship of [HOMO (B)|-[LUMO (A)|£1.5 &V, and an
intermediate unit supplies a hole generated by extraction of
an electron from an adjacent layer by an electron extracting
layer to a light emitting unit on a cathode side and, at the
same time, supplies the extracted electron to a light emitting
unit of an anode side via an electron transporting layer, an
electron transporting layer is provided also between a cath-
ode, and a light emitting unit closest to a cathode, and a film
thickness of each electron transporting layer is set to be
greater as it becomes more distant from a cathode, and is set
to be 40 nm or smaller.
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[0084] A bottom emission-type organic electrolumines-
cent display device in accordance with other embodiment of
a seventh aspect of the present invention comprises an
organic electroluminescent element having an element struc-
ture 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 element, in which the organic
electroluminescent element is provided on the active matrix
driving substrate and, among the cathode and the anode, an
electrode provided on the substrate side is a transparent
electrode, and is characterized in that an organic electrolu-
minescent element is an organic electroluminescent element
provided with a cathode, an anode, a plurality of light
emitting units arranged between a cathode and an anode, and
an intermediate unit arranged between light emitting units,
in which an intermediate unit has an electron transporting
layer provided on an anode side, and an electron extracting
layer provided on a cathode side, an electron extracting layer
is a layer for extracting an electron from an adjacent layer
adjoining a cathode side of an electron extracting layer, an
absolute value of an energy level of a lowest unoccupied
molecular orbital (LUMO) of an electron extracting layer
|LUMO (A)|, and an absolute value of an energy level of a
highest occupied molecular orbital (HOMO) of an adjacent
layer HOMO (B)| are in the relationship of [HOMO (B)|-
ILUMO (A)|£1.5 eV, and an intermediate unit supplies a
hole generated by extraction of an electron from an adjacent
layer by an electron extracting layer to a light emitting unit
on a cathode side and, at the same time, supplies the
extracted electron to a light emitting unit on an anode side
via an electron transporting layer, a hole injecting layer is
provided between an anode, and a light emitting unit closest
to an anode, and film thicknesses of the hole injecting layer
and each electron extracting layer are set to be greater as
they become more distant from an anode, and are set to be
100 nm or smaller.

[0085] A top emission-type organic electroluminescent
display device in accordance with other embodiment of a
seventh aspect of the present invention comprises an organic
electroluminescent element 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 element, and a transparent seal-
ing substrate provided opposite to the active matrix driving
substrate, in which an organic electroluminescent element is
arranged between an active matrix driving substrate and a
sealing substrate and, among a cathode and an anode, an
electrode provided on a sealing substrate side is a transpar-
ent electrode, and is characterized in that an organic elec-
troluminescent element is an organic electroluminescent
element provided with a cathode, an anode, a plurality of
light emitting units arranged between a cathode and an
anode, and an intermediate unit arranged between light
emitting units, in which an intermediate unit has an electron
transporting layer provided on an anode side, and an electron
extracting layer provided on a cathode side, an electron
extracting layer is a layer for extracting an electron from an
adjacent layer adjoining a cathode side of an electron
extracting layer, an absolute value of an energy level of a
lowest unoccupied molecular orbital (LUMO) of an electron
extracting layer [LUMO (A)|, and an absolute value of an
energy level of a highest occupied molecular orbital
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(HOMO) of an adjacent layer [HOMO (B)| are in the
relationship of [HOMO (B)|-[LUMO (A)|£1.5 &V, and an
intermediate unit supplies a hole generated by extraction of
an electron from an adjacent layer by an electron extracting
layer to a light emitting unit on a cathode side and, at the
same time, supplies the extracted electron to a light emitting
unit on an anode side via an electron transporting layer, a
hole injecting layer is provided between an anode, and a
light emitting unit closest to an anode, and film thicknesses
of the hole injecting layer and each electron extracting layer
are set to be greater as they become more distant from an
anode, and are set to be 100 nm or smaller.

[0086] The organic EL element and the organic EL display
device in accordance with a seventh aspect of the present
invention are provided with a plurality of light emitting units
by laminating them, and exhibit a high light emitting effi-
ciency.

<Fighth Aspect>

[0087] An organic EL element in accordance with an
eighth-1 aspect of the present invention is an organic elec-
troluminescent element provided with a cathode, an anode,
a plurality of light emitting units arranged between a cathode
and an anode, and an intermediate unit arranged between
light emitting units, in which an intermediate unit has an
electron transporting layer provided on an anode side, and an
electron extracting layer provided on a cathode side, an
electron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of an
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital (LUMO) of
an electron extracting layer [LUMO (A)], and an absolute
value of an energy level of a highest occupied molecular
orbital (HOMO) of an adjacent layer [HOMO (B)| are in the
relationship of [HOMO (B)|-[LUMO (A)|£2.0 eV, and an
intermediate unit supplies a hole generated by extraction of
an electron from an adjacent layer by an electron extracting
layer to a light emitting unit on a cathode side and, at the
same time, supplies the extracted electron to a light emitting
unit on an cathode side via an electron transporting layer,
and is characterized in that an electron extraction promoting
material having an absolute value of an energy level of a
lowest unoccupied molecular orbital (LUMO) [LUMO (C)|
in the relationship of |[HOMO (B)[>LUMO (C)|>LUMO
(A)| is doped into an electron extracting layer.

[0088] An organic EL element in accordance with an
eighth-2 aspect of the present invention is an organic elec-
troluminescent element provided with a cathode, an anode,
a plurality of light emitting units arranged between a cathode
and an anode, and an intermediate unit arranged between
light emitting units, in which an intermediate unit has an
electron transporting layer provided on an anode side, and an
electron extracting layer provided on a cathode side, an
electron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of an
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital (LUMO) of
an electron extracting layer [LUMO (A)|, and an absolute
value of an energy level of a highest occupied molecular
orbital (HOMO) of an adjacent layer [ HOMO (B)| are in the
relationship of [HOMO (B)-[LUMO (A)|£2.0 eV, and an
intermediate unit supplies a hole generated by extraction of
an electron from an adjacent layer by an electron extracting
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layer to a light emitting unit on a cathode side and, at the
same time, supplies the extracted electron to a light emitting
unit on an anode side via an electron transporting layer, and
is characterized in that an electron extraction promoting
layer comprising an electron extraction promoting material
having an absolute value of an energy level of a lowest
occupied molecular orbital (LUMO) LUMO (C)| in the
relationship of [HOMO (B)|>LUMO (C)|>|LUMO (A)| is
provided between an electron extracting layer and an adja-
cent layer.

[0089] An organic EL element in accordance with an
eighth-3 aspect of the present invention is an organic elec-
troluminescent element provided with a cathode, an anode,
a plurality of light emitting units arranged between a cathode
and an anode, and an intermediate unit arranged between
light emitting units, in which an intermediate unit has an
electron transporting layer provided on an anode side, and an
electron extracting layer provided on a cathode side, an
electron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of an
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital (LUMO) of
an electron extracting layer [LUMO (A)], and an absolute
value of an energy level of a highest occupied molecular
orbital (HOMO) of an adjacent layer [HOMO (B)| are in the
relationship of [HOMO (B)|-[LUMO (A)|=2.0 eV, and an
intermediate unit supplies a hole generated by extraction of
an electron from an adjacent layer by an electron extracting
layer to a light emitting unit of a cathode side and, at the
same time, supplies the extracted electron to a light emitting
unit on an anode side via an electron transporting layer, and
is characterized in that an electron injecting organic material
having an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) [LUMO (D)| in the
relationship of [LUMO (A)|>LUMO (D)|>|LUMO (D)| rela-
tive to an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) of an electron trans-
porting layer [LUMO (E)| and [LUMO (A)| is doped into an
electron transporting layer and/or an electron extracting
layer.

[0090] An organic EL element in accordance with an
eighth-4 aspect of the present invention is an organic elec-
troluminescent element provided with a cathode, an anode,
a plurality of light emitting units arranged between a cathode
and an anode, an intermediate unit arranged between light
emitting units, in which an intermediate unit has an electron
transporting layer provided on an anode side, and an electron
extracting layer provided on a cathode side, an electron
extracting layer is a layer for extracting an electron from an
adjacent layer adjoining a cathode side of an electron
extracting layer, an absolute value of an energy level of a
lowest unoccupied molecular orbital (LUMO) of an electron
extracting layer [LUMO (A)| and an absolute value of an
energy level of a highest occupied molecular orbital
(HOMO) of an adjacent layer |HOMO (B)| are in the
relationship of [HOMO (B)|-[LUMO (A)|£2.0 ¢V, and an
intermediate unit supplies a hole generated by extraction of
an electron from an adjacent layer by an electron extracting
layer to a light emitting unit on a cathode side and, at the
same time, supplies the extracted electron to a light emitting
unit on an anode side via an electron transporting layer, and
is characterized in that an electron injecting organic material
layer comprising an electron injecting organic material
having an absolute value of an energy level of a lowest

Dec. 28, 2006

unoccupied molecular orbital (LUMO) [LUMO (D)| in the
relationship of [LUMO (A)[>|LUMO (D)>LUMO (E)| rela-
tive to an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) of an electron trans-
porting layer |[LUMO (E)| and [LUMO (A)| is provided
between an electron extracting layer and an electron trans-
porting layer.

[0091] Organic EL element in accordance with an eighth-5
aspect of the present invention is an organic electrolumi-
nescent element provided with a cathode, an anode, a
plurality of light emitting units arranged between a cathode
and an anode, and an intermediate unit arranged between
light emitting units, in which an intermediate unit has an
electron transporting layer provided on an anode side, and an
electron extracting layer provided on a cathode side, an
electron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of an
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital (LUMO) of
an electron extracting layer [LUMO (A)], and an absolute
value of an energy level of a highest occupied molecular
orbital (HOMO) of an adjacent layer [HOMO (B)] are in the
relationship of [HOMO (B)|-[LUMO (A)£2.0 eV, and an
intermediate unit supplies a hole generated by extraction of
an electron from an adjacent layer by an electron extracting
layer and, at the same time, supplies the extracted electron
to a light emitting unit on an anode side via an electron
transporting layer, and is characterized in that an electron
injecting layer comprising at least one kind selected from an
alkali metal, an alkaline earth metal, and an oxide thereof is
provided between the electron extracting layer and the
electron transporting layer, and an electron injecting organic
material or an electron extracting layer having an absolute
value of an energy level of a lowest unoccupied molecular
orbital (LUMO) [LUMO (D)| in the relationship of [LUMO
(A)]>LUMO (D)|>[LUMO (E)| relative to an absolute value
of an energy level of a lowest unoccupied molecular orbital
(LUMO) of an electron transporting layer [LUMO (E)| and
ILUMO (A)] is doped into an electron injecting layer.

[0092] In an eighth aspect of the present invention, by
arranging an intermediate unit between a plurality of light
emitting units, and supplying a carrier from the intermediate
unit, a light emitting unit is made to emit light. The function
of an intermediate unit is as described above.

[0093] An organic EL element in accordance with an
eighth-1 of the present invention is characterized in that, in
the aforementioned organic EL element of the present inven-
tion, an electron extraction promoting material having an
absolute value of an energy level of a lowest unoccupied
molecular orbital (LUMO) [LUMO (C)| in the relationship
of [HOMO (B)[>|LUMO (C)|>|LUMO (A)| is doped into an
electron extracting layer. An energy level of LUMO of an
electron extraction promoting material has a value between
an energy level of HOMO of an adjacent layer and an energy
level of LUMO of an electron extracting layer. For this
reason, in an electron extracting layer doped with such the
electron extraction promoting material, extraction of an
electron from an adjacent layer becomes easy. Therefore,
according to an eighth-1 aspect of the present invention,
since an electron extracting layer can effectively extract an
electron from an adjacent layer. a light emitting efficiency
can be further enhanced.
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[0094] For example, as described above, it is preferable
that the relationship between [LUMO(A)| of an electron
extracting layer and [HOMO (B)| of an adjacent layer
satisfies the following relationship.

0S|HOMO(B)|-|LUMO(4)|=1.5 eV

[0095] However, in the <eighth aspect>, when an electron
extraction promoting material having an energy value of
|[LUMO(C)] is present between an electron extracting layer
and an adjacent layer, and the magnitude relationship
between absolute values of energies thereof is:

[HOMO(B)|>| LUMO(C)|LUMO4)|,

an acceptable range of [HOMO(B)| and [LUMO(A)| can be
extended to the following range.

0S|HOMO(B)|-| LUMO(4)|£2.0 &V

[0096] This is because, due to the presence of an electron
extraction assisting material, extraction of an electron from
an adjacent layer occurs via an electron extraction assisting
material. Therefore, even when an energy difference
between [LUMO(A)| of an electron extracting layer and
|[HOMO(B)| of an adjacent layer grows larger, the electron
extracting effect is sufficiently obtained. In this case, an
electron extraction assisting material may be used as a
dopant, or may be inserted as a layer.

[0097] For example, Example 10 of Table 8 is a combi-
nation of an electron extracting layer HAT-CN6 and an
adjacent layer CBP. In that case, a difference between
ILUMO(HAT-CN6) of HAT-CN6 and [HOMO(CBP)| of
CBP is 1.5 eV (Table 9).

[0098] When this electron extracting layer of Example 10
is changed from HAT-CN6 to DTN, this results in:

|[HOMO(CBP)|-|L UMO(DTN)|=2.0 &V.
Wherein, [HOMO(CBP)|=5.9 eV, [LUMO(DTN)|=3.9 eV.

Then, a driving voltage of this element is 45V, and a light
emitting efficiency was 8 cd/A, that is, a voltage was
increased and, at the same time, a light emitting efficiency
was remarkably reduced. And, 4F-TCNQ was doped into a
DTN layer at a doping amount of 25%. [LUMO (4F-TCNQ)|
of 4F-TCNQ is 4.6 eV. Then, a voltage of this element was
reduced to 29V, and a light emitting efficiency was improved
to 22 cd/A. Thereby, even in the case of [HOMO(B)-
|ILUMO(A)[=2.0 eV, when an electron extraction assisting
material having an intermediate energy value [LUMO(C)| is
present, light emitting property can be sufficiently improved.

[0099] An organic EL element in accordance with an
eighth-2 aspect of the present invention, and the aforemen-
tioned organic EL element of the present invention, are
characterized in that an electron extraction promoting layer
comprising an electron extraction promoting material hav-
ing an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO)LUMO (C)| in the
relationship of [HOMO (B)|>LUMO (C)/>LUMO (A)| is
provided between an electron extracting layer and an adja-
cent layer. In an eighth-2 aspect of the present invention, an
electron extraction promoting layer comprising an electron
extraction promoting material is provided between an elec-
tron extracting layer and an adjacent layer. As described
above, an energy level of LUMO of an electron extraction
promoting material has a value between an energy level of
HOMO of an adjacent layer, and an energy level of LUMO
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of an electron extracting layer. For this reason, as compared
with the case where an electron extracting layer is directly
contacted with an adjacent layer, extraction of an electron
from an adjacent layer can be more easily performed.
Therefore, according to an eighth-2 aspect of the present
invention, an electron can be effectively extracted from an
adjacent layer, and a light emitting efficiency can be further
enhanced.

[0100] An organic EL element in accordance with an
eighth-3 aspect of the present invention is characterized in
that, in the aforementioned organic EL element of the
present invention, an electron injecting organic material
having an absolute value of an energy [LUMO (D)| in the
relationship of [LUMO (A)[>|LUMO (D)|>LUMO (E) rela-
tive to an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) of an electron trans-
porting layer [LUMO (E)| and |[LUMO (A)| is doped into an
electron transporting layer and/or an electron extracting
layer. An energy level of LUMO of an electron injecting
organic material is a value between an energy level of
LUMO of an electron extracting layer, and an energy level
of LUMO of an electron transporting layer. Since such the
electron injecting organic material is doped into an electron
transporting layer and/or an electron extracting layer, an
intermediate energy level can be provided between an elec-
tron extracting layer and an electron transporting layer,
thereby, injection of an electron into an electron transporting
layer from an electron extracting layer can be promoted.
Therefore, according to an eighth-3 aspect of the present
invention, since an electron can be effectively injected into
an electron transporting layer from an electron extracting
layer, a light emitting efficiency can be further enhanced.

[0101] An organic EL element in accordance with an
eighth-4 aspect of the present invention is characterized in
that, in the aforementioned organic EL element of the
present invention, an electron injecting organic material
layer comprising an electron injecting organic material
having an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) of an electron trans-
porting layer in the relationship of [LUMO (A)|>|LUMO
(D)|>LUMO (E)| relative to an absolute value of an energy
level of a lowest unoccupied molecular orbital (LUMO) of
an electron transporting layer is provided between an elec-
tron extracting layer and an electron transporting layer. In an
eighth-4 aspect, an electron injecting organic material layer
comprising an electron injecting organic material is pro-
vided between an electron extraction layer and an electron
transporting layer. For this reason, an energy level of LUMO
of an electron injecting organic material layer having an
intermediate value between an energy level of LUMO of an
electron extracting layer and an energy level of LUMO of an
electron transporting layer is provided therebetween, and
injection of an electron into an electron transporting layer
from an electron extracting layer is promoted. Therefore,
according to an eighth-4 aspect of the present invention, an
electron can be effectively injected into an electron trans-
porting layer from an electron extracting layer, and a light
emitting efficiency can be further improved. In an eighth-1
aspect to an eighth-3 aspect of the present invention, it is
preferable that an electron injecting layer comprising at least
one kind selected from an alkali metal, an alkaline earth
metal, and an oxide thereof is provided between an electron
extracting layer and an electron transporting layer. It is
preferable that an absolute value of an energy level of



US 2006/0289882 A1l

LUMO of an electron injecting layer [LUMO (F)| or an
absolute value of a work function |WF (F)| is smaller than an
absolute value of an energy level of LUMO of an electron
extracting layer [LUMO (A)|. An electron extracted from an
electron extracting layer is moved to an electron injecting
layer, and is supplied to a light emitting unit from an electron
injecting layer via an electron transporting layer.

[0102] Inaddition,itis preferable that an absolute value of
an energy level of LUMO of an electron transporting layer
|LUMO (E)| is smaller than an absolute value of an energy
level of LUMO of an electron injecting layer [LUMO (F)| or
an absolute value of a work function |WF (F)|. An electron
moved into an electron injecting layer is supplied to a light
emitting unit through an electron transporting layer. In an
eighth-4 aspect of the present invention, it is preferable that
the electron injecting layer is provided between an electron
extracting layer and an electron injecting organic material
layer. By providing an electron injecting layer between an
electron extracting layer and an electron injecting organic
material layer, an electron from an electron extracting layer
can be effectively supplied to an electron transporting layer.

[0103] An eighth-5 aspect of the present invention is
characterized in that the electron injecting layer is provided
between an electron extracting layer and an electron trans-
porting layer, and the electron injecting organic material or
a material for the electron extracting layer is doped into an
electron injecting layer. By doping an electron injecting
organic material for a material for an electron extracting
layer into an electron injecting layer, an electron from an
electron extracting layer can be effectively supplied to an
electron transporting layer. An electron injecting layer doped
with an electron injecting organic material or a material for
an electron extracting layer may be constructed of a plurality
of layers. For example, an electron injecting layer may be
constructed of a laminated structure in which a first electron
injecting layer doped with an electron extracting layer
material is arranged on a cathode side, and a second electron
injecting layer doped with an electron injecting organic
material is arranged on an anode side.

[0104] Examples of an alkali metal forming an electron
injecting layer include Li, and Cs. Examples of an alkali
metal oxide include Li,O. Examples of an alkaline earth
metal include Mg. In addition, an electron injecting layer
may be formed of a carbonate salt of an alkali metal and an
alkaline earth metal (e.g. Cs,COj;).

[0105] An electron transporting layer in an intermediate
unit in the present invention may be formed of a material
which is generally used as an electron transporting material
in an organic EL element. Examples include a phenanthro-
line derivative, a silol derivative, a triazole derivative, a
quinolinol metal complex derivative, and an oxadiazole
derivative.

[0106] A bottom emission-type organic electrolumines-
cent display device in accordance with a eighth aspect of the
present invention comprises an organic electroluminescent
element 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 ele-
ment, in which the organic electroluminescent element is
provided on the active matrix driving substrate and, among
the cathode and the anode, an electrode provided on the
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substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent device is an organic
electroluminescent element in accordance with any of an
eighth-1 aspect to an eighth-5 aspect of the present inven-
tion.

[0107] A top emission-type organic electroluminescent
display device in accordance with an eighth aspect of the
present invention comprises an organic electroluminescent
element 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-
ment, and a transparent sealing substrate provided opposite
to the active matrix driving substrate, in which an organic
electroluminescent element is arranged between an active
matrix driving substrate and a sealing substrate and, among
a cathode and an anode, an electrode provided on a sealing
substrate side is a transparent electrode, and is characterized
in that an organic electroluminescent device is an organic
electroluminescent element in accordance with any of an
eighth-1 aspect to an eighth-5 aspect of the present inven-
tion.

[0108] The organic EL element and the organic EL display
device in accordance with an eighth aspect of the present
invention are provided with a plurality of light emitting units
by laminating them, and exhibit a high light emitting effi-
ciency.

[0109] According to an eighth-1 aspect and an eighth-2
aspect of the present invention, an electron extraction pro-
moting material is doped into an electron extracting layer, or
an electron extraction promoting layer comprising an elec-
tron extraction promoting material is provided between an
electron extracting layer and an adjacent layer. For this
reason, extraction of an electron from an adjacent layer by
an electron extracting layer can be more effectively per-
formed, and a light emitting efficiency can be further
enhanced. In accordance with an eighth-3 aspect to an
eighth-5 aspect of the present invention, an electron inject-
ing organic material is doped into an electron transporting
layer and/or an electron extracting layer, or an electron
injecting organic material or a material for an electron
extracting layer is doped into an electron injecting layer, or
an electron injecting organic material layer comprising an
electron injecting organic material is provided between an
electron extracting layer and an electron transporting layer.
Thereby, injection of an electron into an electron transport-
ing layer from an electron extracting layer can be more
effectively performed. For this reason, a light emitting
efficiency can be further enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0110] FIG.1is a schematic cross-sectional view showing
an organic EL element of one example in accordance with
the present invention.

[0111] FIG. 2 is a view showing an energy diagram
around an intermediate unit.

[0112] FIG. 3 is a view showing a relationship between a
film thickness of a Li,O layer and a light emitting efficiency.

[0113] FIG. 4 is a cross-sectional view showing a bottom
emission-type organic EL display device of an example in
accordance with the present invention.
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[0114] FIG. 5 is a cross-sectional view showing a top
emission-type organic EL display device of an example in
accordance with the present invention.

[0115] FIG. 6 is a schematic cross-sectional view showing
an organic EL element of another example in accordance
with the present invention.

[0116] FIG. 7 is a SIMS profile regarding Li of metal
lithium thin films having different thicknesses.

[0117] FIG. 8 is a SIMS profile regarding carbon of metal
lithium thin films having different thicknesses.

[0118] FIG. 9 is a schematic cross-sectional view showing
an organic EL element of one example in accordance with
the present invention.

[0119] FIG. 10 is a view showing an energy diagram
around a hole injecting unit of an organic EL element shown
in FIG. 9.

[0120] FIG. 11 is a view showing an energy diagram
around a hole injecting unit of an organic EL element shown
in FIG. 9.

[0121] FIG. 12 is a schematic cross-sectional view show-
ing an organic EL element of one example in accordance
with the present invention.

[0122] FIG. 13 is a view showing an energy diagram
around an intermediate unit.

[0123] FIG. 14 is a schematic cross-sectional view show-
ing an organic EL element of one example in accordance
with the present invention.

[0124] FIG. 15 is a view showing an energy diagram
around an intermediate unit.

[0125] FIG. 16 is a view showing an energy diagram
around an intermediate unit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0126] FIG.1is a schematic cross-sectional view showing
an organic EL element in accordance with the present
invention. As shown in FIG. 1, a first light emitting unit 41
and a second light emitting unit 42 are provided between a
cathode 51 and an anode 52. An intermediate unit 30 is
provided between a first light emitting unit 41 and a second
light emitting unit 42. A first light emitting unit 41 is
provided on a cathode 51 side relative to an intermediate unit
30, and a second light emitting unit 42 is provided on an
anode 52 side relative to an intermediate unit 30. An electron
extracting layer is provided in an intermediate unit 30. An
adjacent layer is provided on a cathode 51 side of this
electron extracting layer. An adjacent layer may be provided
in a first light emitting unit 41, or may be provided in an
intermediate unit 30 as described above.

[0127] FIG. 2 is a view showing an energy diagram
around an intermediate unit. An intermediate unit 30 is
constituted of an electron extracting layer 31, an electron
injecting layer 30 and an electron transporting layer 33. On
a cathode side of an electron extraction layer 31, an adjacent
layer 40 is provided. In addition, on an cathode side of an
intermediate 30, a second light emitting unit 42 is provided.
In FIG. 2, only layers on an intermediate unit 30 side of a
second light emitting unit 42 are shown.
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[0128] As shownin FIG. 2, it is preferable that an electron
injecting layer 32 is provided between an electron extracting
layer 31 and a light emitting unit 42. Further, it is preferable
that an electron transporting layer 33 is provided between an
electron injecting layer 32 and a second light emitting unit
42.

[0129] In an embodiment shown in FIG. 2, an electron
extracting layer 31 is formed of hexaazatriphenylenehexac-
arbonitrile (hereinafter, referred to as “HAT-CN6”) repre-
sented by the following structural formula. HAT-CNG6 can be
prepared by the method, for example, described in Synthe-
sis, April 1994, p 378-380 “Improved Synthesis of 1,4,5,8,
0,12 and Hexaazatriphenylenchexacarboxylic Acid”.

NC CN

NC CN
HAT-CN6

[0130] In addition, an electron injecting layer 32 is formed
of Li (metal lithium). As an electron injecting layer 32, an
alkali metal such as Li and Cs, an alkali metal oxide such as
Li,0O, an alkaline earth metal, and an alkaline earth metal
oxide can be used.

[0131] In addition, an electron transporting layer 33 is
formed of o-, m-, or, p-phenanthroline derivatives, for
example, such as BCP (2,9-dimethyl-4,7-diphenyl-1,10-
phenanthroline) having the following structure. An electron
transporting layer 33 can be formed of a material which is
generally used as an electron transporting material in an
organic ELL element, such as chelate-metal complex, for
example, tris-(8-quinolinolato)aluminium derivatives, oxa-
diazole derivatives, silole derivatives and triazole deriva-
tives.

BCP

[0132] In the present invention, a thickness of an electron
extracting layer is preferably in a range of 1 to 150 nm,
further preferably in a range of 5 to 100 nm. A thickness of
an electron injecting layer 32 is preferably in a range of 0.1
to 10 nm, further preferably in a range of 0.1 to 1 nm. A
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thickness of an electron transporting layer 33 is preferably in
arange of 1 to 100 nm, further preferably in a range of 5 to
50 nm.

[0133] In an embodiment shown in FIG. 2, an adjacent
layer 40 is formed of NPB (N,N'-di(naphthacen-1-y1)-N,N'-
diphenylbenzidine) having the following structure.

O OO0
0,

[0134] In an embodiment shown in FIG. 2, a layer des-
ignated as a second light emitting unit 42 is formed of
TBADN  (2-tertiary-butyl-9,10-di(2-naphthyl)anthracene)
having the following structure.

TBADN

[0135] As shown in FIG. 2, a difference between an
absolute value (4.4 eV) of a LUMO energy level of an
electron extracting layer 31 and an absolute value (5.4 eV)
of a HOMO energy level of an adjacent layer 40 is within 1.5
eV. In addition, an absolute value of a LUMO energy level
(work function) of an electron injecting layer 32 is smaller
than an absolute value of a LUMO energy level of an
electron extracting layer 31, and an absolute value of a
LUMO energy level of an electron transporting layer 33 is
smaller than an absolute value of a LUMO energy level of
an electron injecting layer 32.

[0136] Therefore, upon application of a voltage to an
anode and a cathode, an electron extracting layer 31 can
extract an electron from an adjacent layer 40. The extracted
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electron is supplied to a second light emitting unit 42
through an electron injecting layer 32 and an electron
transporting layer 33.

[0137] 1In addition, in an adjacent layer 40, since an
electron is extracted, a hole is generated. This hole is
supplied to a first light emitting unit, and is recombined with
an electron supplied from a cathode. As a result, light is
emitted in a first light emitting unit.

[0138] An electron supplied to a second light emitting unit
is recombined with a hole supplied from a cathode in a
second light emitting unit 42. As a result, in a second light
emitting unit 42, light is emitted.

[0139] As described above, according to the present
invention, in a first light emitting unit and a second light
emitting unit, a recombination region can be formed, and
light can be emitted, respectively. As a result, a light
emitting efficiency can be enhanced and, at the same time,
a first light emitting unit and a second light emitting unit can
emit light at an emitting color of each unit.

[0140] Examples in accordance with a first aspect of the
present invention will be explained below.

EXPERIMENT 1

Examples 1 to 5 and Comparative Examples 1 to 2

[0141] Organic EL elements of Examples 1 to 5 and
Comparative Examples 1 to 2 having an anode, a hole
injecting layer, a second light emitting unit, an intermediate
unit, a first light emitting unit, an electron transporting layer,
and a cathode shown in Table 1 were manufactured. In the
following Table, a numerical in () indicates a thickness (nm)
of each layer.

[0142] An anode was manufactured by forming a fluoro-
carbon (CF,) layer on a glass substrate on which an ITO
(indium tin oxide) film had been formed. A fluorocarbon
layer was formed by plasma polymerization of a CHF; gas.
A thickness of a fluorocarbon layer was 1 nm.

[0143] On the thus manufactured anode, a hole injecting
layer, a second light emitting unit, an intermediate unit, a
first light emitting unit, an electron transporting layer, and a
cathode were formed by successively depositing them by a
deposition method.

[0144] Ahole injecting layer was formed from HAT-CN6.

[0145] A first light emitting unit and a second light emit-
ting unit are formed by laminating an orange emitting layer
(NPB+3.0% DBzR) and a blue emitting layer (TBADN+
2.5% TBP). In any light emitting unit, an orange emitting
layer is situated on an anode side, and a blue emitting layer
is situated on a cathode side. And, % is % by weight unless
otherwise is indicated.

[0146] In an orange emitting layer, NPB is used as a host
material, and DBzR is used as a dopant material. DBzR is
5,12-bis{4-(6-methylbenzothiazol-2-yl)phenyl}-6,11-
diphenyl naphthacene, and has the following structure.
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cHy

[0147]

S

DBzR

In a blue emitting layer, TBADN is used as a host

material, and TBP is used as a dopant material.

O N

N

[0148]
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CH,

the following structure.

TABLE 1

TBPis 2,5,8,11-tetratertiary-butylperylene, and has

(CHs)3C

(CHs)3C

C(CHsp

C(CHsp

TBP

Electron
Hole Trans-
Injecting Second Light First Light porting
Anode Layer Emitting Unit Intermediate Unit Emitting Unit Layer  Cathode
EX.1 ITO/ HAT-CN6 NPB +3.0% DBzR (30)/ BCP/Li,O/HAT-CN6 NPB + 3.0% DBzR (30)/ BCP  Li,O/Al
CFx (100) TBADN + 2.5% TBP (40) (15)/(0.1)/(100) TBADN + 2.5% TBP (40) (15)  (0.1)/200
EX.2 ITO/ HAT-CN6 NPB +3.0% DBzR (30)/ BCP/HAT-CN6 NPB + 3.0% DBzR (30)/ BCP  Li,O/Al
CFx (100) TBADN + 2.5% TBP (40) (15)/(100) TBADN + 2.5% TBP (40) (15)  (0.1)/200
EX.3 ITO/ HAT-CN6 NPB +3.0% DBzR (30)/ BCP/Li,O/HAT-CN6/NPB NPB + 3.0% DBzR (10)/ BCP  Li,O/Al
CFx (100) TBADN + 2.5% TBP (40) (15)/(0.1)/(100)/(20) TBADN + 2.5% TBP (40) (15)  (0.1)/200
EX.4 ITO/ HAT-CN6 NPB + 3.0% DBzR (30)/ BCP/Li/HAT-CN6 NPB + 3.0% DBzR (30)/ BCP  Li,O/Al
CFx (100) TBADN + 2.5% TBP (40) (15)/(0.3)/(100) TBADN + 2.5% TBP (40) (15)  (0.1)/200
EX.5 ITO/ HAT-CN6 NPB + 3.0% DBzR (30)/ BCP/Cs/HAT-CN6 NPB + 3.0% DBzR (30)/ BCP  Li,O/Al
CFx (100) TBADN + 2.5% TBP (40) (15)/(0.3)/(100) TBADN + 2.5% TBP (40) (15)  (0.1)/200
Comp  ITO/ HAT-CN6 NPB +3.0% DBzR (30)/ None None BCP  Li,O0/Al
Ex. 1 CFx (50) TBADN + 2.5% TBP (40) (15)  (0.2)200
Comp  ITO/ HAT-CN6 NPB + 3.0% DBzR (30)/ BCP/Li,O NPB + 3.0% DBzR (30y BCP  Li,O/Al
Ex. 2 CFx (100) TBADN + 2.5% TBP (40) (15)/(0.1) TBADN + 2.5% TBP (40) (15)  (0.1)/200
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[0149] Each organic EL element manufactured was mea-
sured for a chromaticity (CIE (x, y)) and a light emitting
efficiency, and measurement results together with a driving
voltage are shown in Table 2. A light emitting efficiency is
a value at 10 mA/cm>.

TABLE 2
Driving Light Emitting
Voltage Efficiency
W) CIE, CIE, (cdiA)
Ex. 1 10.3 0.37 041 22.8
Ex. 2 22.1 0.32 0.36 10.2
Ex. 3 16.8 0.33 0.38 153
Ex. 4 10.0 0.36 0.40 23.1
Ex. 5 10.1 0.36 0.40 229
Comp. 6.0 0.30 0.40 10.1
Ex. 1
Comp. 26.0 0.15 0.21 3.1
Ex. 2
[0150] As apparent from results shown in Table 2, each

organic EL element is provided with a light emitting unit
having an orange emitting layer and a blue emitting layer,
and it is seen that white is emitted from results of chroma-
ticity measurement.

[0151] As apparent from comparison of Examples 1 to 5
and Comparative Example 2, in Examples 1 to 5 provided
with “HAT-CN6” which is an electron extracting layer, a
higher light emitting efficiency is obtained as compared with
Comparative Example 2 not provided with an electron
extracting layer. In addition, it is seen that organic EL
elements of Examples 1 to 5 exhibit an emitting color
originally possessed by a light emitting unit as compared
with Comparative Example 2.

[0152] The reason why organic EL elements of Examples
1 to 5 exhibit a high light emitting efficiency is thought as
follows: that is, in organic EL elements of Examples 1 to 5,
since a second light emitting unit is situated on an anode
side, the state where the number of holes is relatively larger
is realized. Therefore, when an intermediate unit is not
present, the electron-deficient state is realized. On the other
hand, since a first light emitting unit is situated on a cathode
side, the state where the number of electrons is relatively
large is realized and, when an intermediate unit is not
present, the hole-deficient state is realized.

[0153] As described above, when an intermediate unit is
not present, since the state where four light emitting layers
are continuously directly contacted is realized, carriers are
recombined in one region in four light emitting layers. In
accordance with the present invention, by providing an
intermediate unit at a center of four light emitting layers,
deficiency of an electron in a second light emitting unit on
an anode side can be supplemented, and deficiency of a hole
in a first light emitting unit on a cathode side can be
supplemented. The mechanism is, as explained referring to
FIG. 2, as follows: when a voltage is applied to an anode and
a cathode, extraction of an electron from an adjacent layer
to an electron extracting layer in a first light emitting unit
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occurs, and the extracted electron enters LUMO of an
electron extracting layer. In addition, as a result of extraction
of an electron, a hole is generated in HOMO of an adjacent
layer. An electron of LUMO of an electron extracting layer
enters LUMO of an electron transporting layer via an
electron injecting layer in an intermediated unit and, there-
after, enters a second light emitting, and is recombined with
a hole injected from an anode. Thereupon, it is thought that,
in addition to an electron from an intermediate unit, an
electron which is an electron injected from a cathode and has
not been consumed in a first light emitting unit contributes
recombination at the same time. Thereby, an orange emitting
layer and a blue emitting layer in a second light emitting unit
emit light at the same time, generating a complementary-
type white emission.

[0154] On the other hand, a hole generated in HOMO of
an adjacent layer of a first light emitting unit, and a hole
from an anode which has not been consumed in a second
light emitting unit are moved to a first light emitting unit in
the high electric field, and are recombined with an electron
injected from a cathode, in a first light emitting unit.
Thereby, an orange emitting layer and a blue emitting layer
in a first light emitting unit emit light at the same time,
generating complementary-type white emission.

[0155] As described above, since white emission occurs at
two places of a first light emitting unit and a second light
emitting unit, a light emitting deficiency is improved 2-fold.
In the case of the previous organic EL element in which a
plurality of light emitting units are combined by intervening
inorganic semiconductor layer such as V,0s, carriers origi-
nally present in an inorganic semiconductor layer are uti-
lized. To the contrary, in the present invention, by separating
a carrier from a neutral organic layer in which a carrier is not
present, that is, an adjacent layer, this carrier is used to emit
light. Therefore, an organic EL element of the present
invention can be made to have a low driving voltage as
compared with the previous element. That is, an energy for
extracting an electron (a difference in LUMO of an electron
extracting layer and HOMO of an adjacent layer), and an
energy difference for injecting a generated electron into a
light emitting layer on an anode side, light can be emitted.

[0156] In addition, in the present invention, since a light
emitting efficiency can be made to be 2-fold, reliance of an
element can be also enhanced. For example, when continu-
ous light emitting is performed at a luminance of an initial
luminance 5000 cd/m?, in the normal organic EL element,
light must be emitted as it is at a luminance of 5000 cd/m?.
To the contrary, in an organic EL element of the present
invention, since a light emitting efficiency becomes 2-fold,
one light emitting unit in an element may emit light at a
luminance of 2500 cd/m? which is a half of 5000 cd/m?.
Therefore, an amount of a current flowing in an element may
be a half, and a load exerting on an element is reduced. Since
alife of an element in continuous light emitting is influenced
by a value of a flowing current, a life of an element can be
improved by the present invention.

[0157] As described above, it is seen that, in accordance
with the present invention, by providing an electron extract-
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ing layer in an intermediate unit, an organic EL element
which can be driven at a low voltage, has a high light
emitting efficiency, and exhibits a desired emitting color can
be obtained.

EXPERIMENT 2

Example 6 and Comparative Example 3

[0158] An organic EL element of Example 6 provided
with an anode, a hole injecting layer, a second light emitting
unit, an intermediate unit, a first light emitting unit, an
electron transporting layer, and a cathode shown in Table 3
was manufactured as in the aforementioned Experiment 1. In
addition, an organic EL element of Comparative Example 3
of a structure shown in Table 3, which is the same as the
organic EL element of Example 4 except that an interme-
diate unit and a first light emitting unit were not possessed,
was manufactured.

[0159] In the present Example, an adjacent layer compris-
ing NPB is formed between a “HAT-CN6” layer of an
intermediate unit, and a first light emitting unit. In addition,
in the present Example, a first light emitting unit and a
second light emitting unit are constructed of a blue single
light emitting layer. Like this, when an arylamine-based hole
transporting material such as NPB is not used as a host
material in a layer of an anode side of a first light emitting
unit, it is preferable to provide an adjacent layer in an
intermediate unit.
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where each light emitting unit is used alone is obtained. In
addition, a light emitting efliciency of Example 6 is about
1.6-fold a light emitting efficiency of Comparative Example
3, and it is seen that a high light emitting efficiency is
obtained.

EXPERIMENT 3

[0162] An organic EL element of Example 7 having an
anode, a hole injecting layer, a second light emitting unit, an
intermediate unit, a first light emitting unit, an electron
transporting layer, and a cathode shown in Table 5 was
manufactured as in the Experiment 1.

[0163] Inthe present Example, as a first light emitting unit
and a second light emitting unit, the same blue single light
emitting layer as that of Example 1 is used. In addition, in
the present Example, an adjacent layer comprising TPD is
provided in an intermediate unit. A hole transporting layer
comprising NPB is provided between this adjacent layer
comprising TPD, and a first light emitting unit.

[0164] In addition, in the present Example, TPD is used
also in a hole injecting layer provided between an anode and
a second light emitting unit. As shown in Table 5, a layer
comprising TPD is provided between a “HAT-CN6” layer
and a NPB layer.

TABLE 3
Hole Electron
Injecting Second Light First Light Transporting
Ancde  Layer Emitting Unit Intermediate Unit Emitting Unit ~ Layer Cathode
Ex. 6 ITO/ HAT-CN6/NPB TBADN + 2.5% TBP BCP/Li,O/HAT-CN6/NPB  TBADN + BCP Li,O/Al
CFx  (50)/(30) (40) (15)/(0.1)/(50)/(30) 2.5% TBP 1s) (0.1)/(200)
(40)
Comp. ITO/ HAT-CN6/NPB TBADN + 2.5% TBP None None BCP Li,O/Al
Ex.3 CFx  (S0)/(30) (40) {15) (0.1)/(200)
[0160] Organic EL elements of Example 6 and Compara- [0165] TPD is N,N'-bis-(3-methylphenyl) -N,N'-bis-(phe-

tive Example 3 were measured for a chromaticity and a light
emitting efficiency as in the Experiment 1, and measurement
results together with a driving voltage are shown in Table 4.

TABLE 4
Driving Light Emitting
Voltage Efficiency
V) CIE, CIE, (cd/A)
Ex. 6 9.9 0.17 0.40 31.6
Comp. 3.1 0.18 0.39 19.6

nyl)-benzidine, and has the following structure.

O OO0

Ex. 3

CH,

CH,

[0161] As apparent from results shown in Table 4, it is
seen that an organic EL element of Example 6 in accordance
with the present invention exhibits the same chromaticity as
that of Comparative Example 3 provided with a single light
emitting unit, and the same emitting color as that of the case

TPD

[0166] AHOMO energy level of TPD is -5.3 eV, a LUMO
energy level is =2.5 ¢V, and these are approximately the
same extents as a NPB (HOMO energy level=-5.4 eV,
LUMO energy level=-2.6 eV).
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TABLE 5
Electron
Hole Injecting Second Light First Light Transporting
Anode Layer Emitting Unit Intermediate Unit Emitting Unit Layer Cathode
Ex. 7 1TO/ HAT-CN6/TPD/NPB TBADN + 2.5% TBP BCP/Li;O/HAT-CN6/ TBADN + 2.5% TBP BCP Li,O/Al
CEx  (S0)/(10)/(20) (40) TPD/NPB (40) (15) {0.1)i(200)
(15)/(0.1)/(50)/
(10)/(20)
[0167] An organic EL element of Example 7 was mea-

sured for a chromaticity and a light emitting efficiency as in
the Experiment 1, and measurement results together with a
driving voltage are shown in Table 6.

TABLE 6
Driving Light Emitting
Voltage Efficiency
) CIE, CIE, (cd/A)
Ex. 7 8.9 0.16 0.39 32.0
[0168] As shown in Table 6, also when an adjacent layer

comprising TPD is formed, a high light emitting efficiency
can be obtained as in the case of an adjacent layer compris-
ing NPB. This is thought that since its HOMO energy level
and LUMO energy level are the same extent as that of NPB
as described above, extraction of an electron from an adja-
cent layer is easily generated, and a hole generated in an
adjacent layer is easily moved to a first light emitting unit.

EXPERIMENT 4

[0169] Organic EL elements of Examples 8 to 11 provided
with an anode, a hole injecting layer, a second light emitting
unit, an intermediate unit, a first light emitting unit, an
electron transporting layer, and a cathode shown in Table 7
were manufactured.

[0170] In Example 8, as in Example 7, an adjacent layer
comprising TPD is formed, and a layer comprising TPD is
provided also in a hole injecting layer.

[0171] In Example 9, an adjacent layer comprising CuPc
is formed, and a CuPc layer is provided also in a hole
injecting layer. CuPc is copper phthalocyanine, and has the
following structure.

CuPe

[0172] In Example 10, an adjacent layer comprising CBP
is formed, and a CBP layer is provided also in a hole
injecting layer. CBP is 4,4'-N,N'-dicarbazole-biphenyl, and
has the following structure.

FOOY

CB
[0173]

[0174] In organic EL elements of Examples 8 to 11, as a
first light emitting unit and a second light emitting unit, a
blue single light emitting layer is used as in Example 7.

In Example 11, NPB is used as an adjacent layer.

TABLE 7
Electron
Hole Injecting Second First Light Transporting
Anode Layer Light Emitting Unit ~ Intermediate Unit Emitting Unit Layer Cathode
Ex. 8 ITO/CFx HAT-CN6/TPD/NPB  TBADN + 2.5% TBP BCP/Li,O/HAT-CN6/ TBADN + 2.5% TBP BCP Li,O/Al
(50)/(10)/(20) (40) TPD/NPB (40) (15) (0.1)/(200)
(15)/(0.1)/(50)/
(10)/(20)
Ex. 9 ITO/ HAT-CN6/CuPc/NPB  TBADN + 2.5% TBP  BCP/Li,O/HAT-CN6/ TBADN + 2.5% TBP BCP Li,O/Al
CFx (50)/(10)/(20) (40) CuPc/NPB (40) (15) (0.1)/(200)

(15)/(0.1)/(50)/
(10)/(20)
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TABLE 7-continued
Electron
Hole Injecting Second First Light Transporting
Anode Layer Light Emitting Unit ~ Intermediate Unit Emitting Unit Layer Cathode
Ex. 10 ITO/ HAT-CN6/CBP/NPB TBADN + 2.5% TBP BCP/Li,O/HAT-CN6/ TBADN + 2.5% TBP BCP Li,O/Al
CFx (50)/(10)/(20) (40) CBP/NPB (40) (15) (0.1)/(200)
(15)/(0.1)/(50)/
(10}/(20)
Ex. 11 ITO/ HAT-CN6/NPB TBADN + 2.5% TBP BCP/Li,O/HAT-CN6/NPB  TBADN + 2.5% TBP BCP Li,O/Al
CFx (50)/(30) {40) (15)/(0.1)/(50)/(30) (40) (15) (0.1)/(200)
[0175] Respective organic EL elements of Examples 8 to been emitted from a light source part and separated into

11 were measured for a chromaticity and a light emitting
efficiency as in the Experiment 1, and measurement results
together with a driving voltage are shown in Table 8.

TABLE 8
Driving Light Emitting
Adjacent Voltage Efficiency
Layer A% CIE, CIE, (cd/A)
Ex. 8 TPD 8.9 0.16 0.39 32.0
Ex. 9 CuPc 6.6 0.13 0.36 25.1
Ex. 10 CBP 39.0 0.16 0.34 20.1
Ex. 11 NPB 9.9 0.17 0.40 31.6

[0176] As shown in Table 8, in any of organic EL elements
of Examples 8 to 11, a high light emitting efficiency is
obtained, and the substantially same emitting color as that of
a blue light emitting layer used in a light emitting unit is
obtained. [Measurement of HOMO and LUMO energy
levels of material for adjacent layer and material for electron
extracting layer]

[0177] Regarding a material used in an adjacent layer and
a material used in an electron extracting layer, values of
respective energy levels of HOMO and LUMO were calcu-
lated by cyclic voltammetry (CV) as follows:

[0178]
[0179]

[0180] A supporting electrolyte tert-butylammonium pet-
chlorate was placed at a concentration of 10™' mol/l using
dichloromethane as a solvent, a measuring material was
placed at 107> mol/], and a sample was prepared. Measure-
ment atmosphere is in the air, and measurement was per-
formed at room temperature.

[0181]

[0182] A sample was prepared by placing a supporting
electrolyte tert-butyl ammonium perchlorate at a concentra-
tion of 10~ mol/l, and placing a measuring material at 10~
mol/1 using tetrahydrofuran as a solvent. Measuring atmo-
sphere was under the nitrogen gas atmosphere, and mea-
surement was performed at room temperature.

[0183] 2, Calculation of HOMO and LUMO

[0184] (1) An ionization potential in a thin film of NPB of
a standard sample is measured in advance using an ioniza-
tion potential measuring apparatus (“AC-2” manufactured
by Rikenkeiki). Measurement principle of AC-2 is as fol-
lows: a sample is irradiated with ultraviolet-ray which has

1, CV measurement

(1) Measurement of oxidation side

(2) Measurement of reduction side

spectral components, and a ultraviolet-ray energy (wave-
length) is increased (shortened). In the case of a semicon-
ductor as a sample, when a ultraviolet-ray energy exceeds an
ionization potential, a photoelectron begins to be released
from a surface of a sample. This photoelectron is counted
using a detector (open counter).

[0185] Arelationship between a ultraviolet-ray energy and
a root of a calculated value (Yield) of a photoelectron is
graphed, and an approximate straight line is drawn on this
graph by a minimum square method to obtain a threshold
energy of photoelectron release. When this threshold energy
is interpreted as ionization potential when a sample is a
semiconductor. When a sample is a metal, it is a work
function. An ionization potential of NPB measured with
AC-2 is -5.4 eV.

[0186] (2) Then, NPB is CV-measured, and an oxidation-
reduction-potential is measured. An oxidation potential of
NPB is -0.5V, and a reduction potential is -2.3 V. Therefore,
HOMO of NPB is -5.4 eV, and LUMO is -2.6 eV (5.4-
(0.5+2.3)=2.6). In addition, in measurement of other mate-
rials, for example, in the case of Alq, an oxidation potential
is 40.8V, and a reduction potential is -2.0V. Therefore, when
NPB is a standard, HOMO of Alq is -5.7 eV (5.4-(0.8-
0.5)=5.7), and LUMO is -2.9 eV (5.7-(0.8+2.0)=2.9).

[0187] By the aforementioned measuring method, HOMO
and LUMO energy levels of TPD, CuPu, CBP, NPB, and
HAT-CN6 were calculated, and results thereof are shown in
Table 9. A light emitting efficiency when each material is
used in a material for an adjacent layer (light emitting
efficiency in Examples 6 to 9) is also shown in Table 9.

TABLE 9
Light
Value of Emitting
HOMO LUMO |HOMO(B) - [LUMO(A) Efficiency
(V) (V) (eV) (cd/A)
TPD 5.3 25 0.9 32.0
CuPc 5.1 33 0.7 25.1
CBP 5.9 2.6 1.5 20.1
NPB 54 2.6 1.0 31.6
HAT-CN6 7.0 4.4 — —

[0188] As apparent from results shown in Table 9, it is
seen that in a range of a difference between an absolute value
of an energy level of HOMO of a material for an adjacent
layer, and an absolute value of an energy level of LUMO of
a material for an electron extracting layer, of 0 to 1.5 eV, an
organic EL element having a high light emitting efficiency is
obtained.
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EXPERIMENT 5

[0189] Organic EL elements having an anode, a hole
injecting layer, a second light emitting unit, an intermediate
unit, a first light emitting unit, an electron transporting layer,
and a cathode shown in Table 10, in which a thickness x of

TABLE 10

that a light emitting efficiency is particularly high in a range
of a film thickness of Li,0 of 0.1 nm to 3 nm.

EXPERIMENT 6

[0193] An organic EL element shown in FIG. 6 was
manufactured. In an organic EL element shown in FIG. 6,

Second Light

Emitting Unit First Light Emitting Uunit
Hole Orange Blue Orange Blue Electron
Injecting  Emitting Emitting Emitting Emitting Transporting
Anode Layer Layer Layer Intermediate Unit Layer Layer Layer Cathode
ITO/ HAT-CN6 NPB + 3.0% 80% TBADN + BCP(15)/Li,O(x)/ NPB + 80% TBADN + 20% BCP Li,0(0.1)/
CFx (80) DBzR 20% NPB + HAT-CN6(80) 3.0% DBzR NPB + 2.5% 15) Al(200)
(20) 2.5% TBP (20 TBP
(50) (50)

a L1,0 layer in an intermediate unit is changed into 0.1 nm,
0.2 nm, 0.3 nm, 0.5 nm, 1 nm and 3 nm were manufactured.

[0190] An orange light emitting layer in a first light
emitting unit and a second light emitting unit is the same as
the orange light emitting layer in the Experiment 1. In
addition, in a blue light emitting layer, 80% by weight of
TBADN is used as a host material, 2.5% by weight of TBP
is used as a first dopant material, and 20% by weight of NPB
is used as a second dopant material.

[0191] Regarding respective organic EN elements in
which a film thickness of a Li,0 layer is changed, a light
emitting efficiency at 10 mA/m* is measured, and results
thereof are shown in FIG. 3.

[0192] As apparent from results shown in FIG. 3, it is seen
that light emission is possible in a range of a film thickness
of Li,0 in a range of 0.1 nm to 10 nm. In addition, it is seen

an anode 52 is formed on a glass substrate 50 and, on an
anode 52, a hole injecting layer 44 comprising HAT-CNG is
formed. On a hole injecting layer 44, a second light emitting
unit 44 consisting of a blue light emitting layer 424 and an
orange light emitting layer 425 is formed. On a second light
emitting unit 42, an intermediate unit 30 is formed. An
intermediate unit 30 is constructed of an electron extracting
layer 31, an electron injecting layer 32, and an electron
transporting layer 33. On an intermediate unit 30, a first light
emitting unit 41 consisting of a blue emitting layer 41a and
an orange emitting layer 415 is formed. On a first light
emitting unit 41, an electron transporting layer 43 compris-
ing BCP is formed. On an electron transporting layer 43, a
cathode 41 is formed. As shown in Table 11, organic EL
elements of Examples 12 to 19 in which a thickness of an
electron injecting layer 32 comprising a metal lithium was
changed in a range of 0.2 nm to 1.0 nm were manufactured.

TABLE 11
Second Light Emitting Unit Electron
Hole Orange First Light Emitting Uunit Trans-
An-  Injecting  Fmitting Blue Intermediate Orange Blue porting
Ex.ode  Layer Layer Emitting Layer Thit Emitting Layer Emitting Layer Layer  Cathode
12 ITO/ HAT-CN6 NPB + TBADN + 2.5% TBP BCP/LI/HAT-CN6  NPB + 3.0% DBzR TBADN + 2.5% TBP BCP LiF/Al
CF, (10) 3.0% DBzR  (50) (10)/(0.2)/(10) (60) (50) (10)  (1)/(200)
(60)
13 ITO/ HAT-CN6 NPB + TBADN + 2.5% TBP BCP/LYHAT-CN6  NPB + 3.0% DBzR TBADN + 2.5% TBP BCP LiF/Al
CF, (10) 3.0% DBzR  (50) (10)/(0.3)/(10) (60) (50) (10)  (1)/(200)
(60)
14 ITO/ HAT-CN6 NPB + TBADN + 2.5% TBP BCP/LVHAT-CN6  NPB + 3.0% DBzR TBADN + 2.5% TBP BCP LiF/Al
CF, (10) 3.0% DBzR  (50) (15)/(0.5)/(10) (60) (50) (10) (1)/(200)
(60)
15 ITO/ HAT-CN6 NPB + TBADN + 2.5% TBP BCP/LYHAT-CN6  NPB + 3.0% DBzR TBADN + 2.5% TBP BCP LiF/Al
CE, (10) 3.0% DBzR  (50) (10)/0.6)/(10) (60) (50) (10)  (1)/(200)
(60)
16 ITO/ HAT-CN6 NPB + TBADN + 2.5% TBP BCP/L/HAT-CN6  NPB + 3.0% DBzR TBADN + 2.5% TBP BCP LiF/Al
CF, (10) 3.0% DBzR  (50) (10)/(0.6)(10) (60) (50) (10) (1)/(200)
(60)
17 ITO/ HAT-CN6 NPB + TBADN + 2.5% TBP BCP/LVHAT-CN6  NPB + 3.0% DBzR TBADN + 2.5% TBP BCP LiF/Al
CE, (10) 3.0% DBzR  (50) (20)/(0.8)/(10) (60) (50) (10)  (1)/(200)

(60)
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TABLE 11-continued

Second Light Emitting Unit Electron
Hole Orange First Light Emitting Uunit Trans-
An-  Injecting  Emitting Blue Intermediate Orange Blue porting
Ex.ode layer Layer Emitting Layer Unit Emitting Layer Emitting Layer Layer  Cathode
18 ITO/ HAT-CN6 NPB + TBADN + 2.5% TBP BCP/LV/HAT-CN6  NPB + 3.0% DBzR TBADN + 2.5% TBP BCP LiF/Al
CF, (10) 3.0% DBzR  (50) (10)/(0.9)/(10) (60 (50) 10y (1)/(200)
(60)
19 ITO/ HAT-CN6 NPB + TBADN + 2.5% TBP BCP/LV/HAT-CN6  NPB + 3.0% DBzR TBADN + 2.5% TBP BCP LiF/Al
CF, (10) 3.0% DBzR  (50) (10)/(1.0)/(10) (60 (50) 10y (1)/(200)
(60)
[0194] Respective organic EL elements of Examples 12 to measured and, thereafter, a calibration curve was produced

19 were assessed for their property. Assessment results are
shown in Table 12. A voltage and a chromaticity are values
when elements were driven at a current of 10 mA/cm®. A
luminance half life is a value when elements were driven at
a current of 40 mA/cm?>.

TABLE 12

Thickness Luminance

of Li Layer  Voltage Half time
Ex. (nm) W) CIE, CIE,  (hr) at 40 mA/em?
12 0.2 9.58 0.33 0.37 46
13 0.3 9.33 032 0.37 670
14 0.5 9.33 032 0.4 300
15 0.6 9.14 0.31 0.36 1000
16 0.6 8.98 0.29 0.37 1100
17 0.8 8.33 0.29 0.38 1000
18 0.9 8.64 0.29 0.35 730
19 1.0 9.44 032 0.37 300

[0195] As apparent from results shown in Table 12, it is
seen that a luminance half life is 500 hours or longer in a
range of a thickness of an electron injecting layer compris-
ing Li of 03 to 0.9 nm, and excellent life property is
obtained. In particular, in a range of 0.6 to 0.9 nm, a driving
voltage is lowered, and a value of a luminance half life of
1000 hours or longer is obtained.

[0196] In Example 12 in which a thickness of an electron
injecting layer is 0.2 nm, a life is extremely shortened, and
a driving voltage is increased. In addition, in Example 19 in
which a thickness of an electron injective layer is 1.0 nm, a
life is short, and a driving voltage is increased.

[0197] From the foregoing, it is seen that when an electron
injecting layer comprising L.i is provided, by adopting a
thickness of an electron injecting layer in a range of 0.3 to
0.9 nm, an organic EL element which is low in a driving
voltage, and is excellent in life property can be obtained.

[0198] Ttis thought that, by providing an electron injecting
layer comprising Li, a complex of Li-BCP is formed at an
interface of an electron transporting layer comprising BCP.
It 1s thought that, by formation of such the complex, a
LUMO value of BCP is lowered, and injection of an electron
from Li into BCP becomes smooth.

[Measurement of Thickness of Metal Lithium Thin Film]

[0199] In Experiment 6, a thickness of a metal lithium thin
film which is an electron injecting layer was measured as
follows:

[0200] That is, a standard sample was prepared, a thick-
ness of a metal lithium thin film of a standard sample was

by SIMS regarding a standard sample and, using this cali-
bration curve, SIMS of an organic EL element was mea-
sured, and a thickness of a metal lithium thin film was
calculated. Details of this measuring method will be
explained below.

[0201] (1) Measurement of thickness of metal lithium thin
film of standard sample

[0202] Upon manufacturing of organic EL elements of
Bxamples 12, 13, 15 and 19, a thickness of a metal lithium
thin film was measured by ICP (induction-coupled plasma
method). That is, immediately before manufacturing of each
element, only metal lithium thin films were formed on a
glass substrate of a size of 100 mmx 100 mm under the same
condition, and a lithium metal was extracted from these thin
films using 50 ml of a solution of hydrochloric acid and
water of a volume ratio of 1:9. A weight of a metal lithium
film was measured from the extracted solution by an ICP
method. A volume (mm?) of a metal lithium thin film was
obtained from a solid density 0.534 mg/mm? of lithium.

[0203] Then, by dividing this volume by a film area
10,000 mm? (100 mmx100 mm), an actual thickness (mm)
is calculated.

[0204] As described above, a thickness of a metal lithium
thin film was calculated. A thickness of an electron injecting
layer (metal lithium thin film) in an actually manufactured
organic EL element (Examples 12, 13, 15 and 19) can be
thought to be the same as a thickness of the metal lithium
thin film manufactured as described above.

[0205] A thickness of a metal lithium thin film obtained by
an ICP method as described above is shown in Table 13.

TABLE 13
Li Li
Predicted Film Li Li Actual Actual
Thickness Concentration  Weight ~ Volume  Thickness
Ex. (nm) (mg/l) (mg)  (mm’) (nm)
12 0.2 0.022 0.0011  0.0021 0.21
13 0.3 0.031 0.0016  0.0029 0.29
15 0.6 0.063 0.0032  0.0059 0.59
19 1.0 0.11 0.0054  0.0101 1.01

[0206] (2) Preparation of calibration curve by SIMS
regarding standard sample

[0207] Regarding respective samples of Examples 12, 13,
15 and 19, a concentration distribution in a depth direction
of lithium was measured by SIMS.
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[0208] FIG. 7 indicates a SIMS profile regarding Li, and
FIG. 8 indicates a SIMS profile regarding carbon. From
FIG. 7 and FIG. 8, an intensity ratio of Li and C (Li/C
counting ratio) was calculated, and this is shown in Table 14.
A counting ratio is an intensity (peak height) of Li letting an
average intensity of carbon in a carbon profile to be 1. For
example, when an average intensity of carbon is 1x10, and
a peak intensity of Li is 4x100, a counting ratio is 40.

TABLE 14
Li Li/C
Film Thickness Counting
Ex. (nm) Ratio
12 0.2 15.2
13 0.3 14.2
15 0.6 222
19 1.0 40.5

[0209] As apparent from Table 14, it is seen that a film
thickness of a metal lithium and a Li/C counting ratio are in
a proportion reaction in a range of a thickness of a metal
lithium thin film of 0.3 nm or greater. Therefore, by obtain-
ing a Li/C counting ratio, a thickness of a metal lithium thin
film can be calculated. Based on results of Table 14, a
calibration curve of a thickness of a metal lithium thin film
and a Li/C counting ratio was produced and, regarding
Examples 14, 16, 17 and 18, SIMS was measured, and a
thickness of a metal lithium thin film (electron injecting
layer) in each case was measured from a Li/C counting ratio.

[0210] Examples in accordance with a second aspect of
the present invention will be explained below.

EXPERIMENT 7

Examples 20 to 22 and Comparative Example 4

[0211] An organic EL element having an anode, a hole
injecting layer, a second light emitting unit, an intermediate
unit, a first light emitting unit, an electron transporting layer,
and a cathode shown in Table 15 was manufactured. In
addition, as shown in Table 15, an organic EL element of
Comparative Example 4 was manufactured according to the
same manner as that of Examples 20 to 22 except that an
intermediate unit was not provided. In the following Table,
a numerical in () indicates a thickness (nm) of each layer.

[0212] An anode was manufactured by forming a fluoro-
carbon (CF,) layer on a glass substrate on which an ITO
(indium tin oxide) film had been formed. A fluorocarbon
layer was formed by plasma polymerization of a CHF; gas.
A thickness of a fluorocarbon layer was 1 nm.

[0213] On the thus manufactured anode, a hole injecting
layer, a second light emitting unit, an intermediate unit, a
first light emitting unit, an electron transporting layer, and a
cathode were formed by successively depositing them by a
deposition method.

[0214]

[0215] A second light emitting unit is formed by laminat-
ing a green emitting layer (NPB+1.0% tBuDPN) and a blue

A hole injecting layer was formed from HAT-CN6.
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emitting layer (TBADN+2.5% TBP). In a second light
emitting unit, a green emitting layer is situated on an anode
side, and a blue emitting layer is situated on a cathode side.
In addition, % is % by weight unless otherwise is indicated.

[0216] In a green emitting layer, NPB is used as a host
material, and tBuDPN is used as a dopant material. And,
tBuDPN is 5,12-bis(4-tertiary-butylphenyl)naphthacene,
and has the following structure.

tBu

tBu

[0217] In a blue emitting layer, TBADN is used as a host
material, and TBP is used as a dopant material.

[0218] A first light emitting unit is formed of a red light
emitting layer (Alq+20% rubrene+1.0% DCJTB). There-
fore, a first light emitting unit is formed of a single light
emitting layer.

[0219] In a red light emitting layer, Alq is used as a host
material, DCJTB is used as a first dopant material (light
emitting material), and rubrene is used as a second dopant
material (carrier transporting material). Alq is tris-(8-quino-
lilato)aluminum (III), and has the following structure.

Alg
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[0220] Rubrene has the following structure.

[0221]

(4-dicyanomethylene)-2-tertiary-butyl-6-(1,1,7,7-tetrameth-
vljulolibyl)-9-enyl)-4H-pyran, and has the following struc-

ture.

RUBRENE

DCJTB is
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C(CHs)3

[0222] In the present Example, an adjacent layer compris-
ing NPB is formed in an intermediate unit between a
“HAT-CN6” layer of an intermediate unit, and a first light
emitting unit. In addition, in the present Example, a first
light emitting unit is constructed of a red simple light
emitting layer. Like this, in a layer on an anode side of a first
light emitting unit, when an arylamine-based hole transport-
ing material such as NPB is not used as a host material, it is
preferable to provide an adjacent layer in an intermediate

unit.
TABLE 15
Hole Electron
Injecting Second Light Intermediate First Light Transporting
Anode Layer Emitting Unit Unit Emitting Unit ~ Layer Cathode
Ex.20 ITO/ HAT- NPB + 1.0% TBADN + 2.5% BCP(15)/ Alg +20% BCP Li,O0(0.1)/
CF, CN6 tBuDPN TBP Li,0(0.1)/ rubrene + 1.0% (15) Al(200)
(50) (30) (40) HAT-CN6(50)) DCITB
NPB(30) (30)
BEx.21 ITO/ HAT- NPB + 1.0% TBADN + 2.5% BCP(15)/ Alg +20% BCP Li,O0(0.1)/
CF, CN6 tBuDPN TBP Li(0.3)/ rubrene + 1.0% (15) Al(200)
(50 (30) (40) HAT-CN6(50)) DCITB
NPB(30) (30)
BEx.22 ITO/ HAT- NPB + 1.0% TBADN + 2.5% BCP(15)/ Alg +20% BCP Li,0(0.1)/
CF, CN6 tBuDPN TBP Cs(0.3)/ rubrene + 1.0% (15) Al(200)
(50 (30) (40) HAT-CN6(50)) DCITB
NPB(30) (30)
Comp. ITO/ HAT- NPB + 1.0% TBADN + 2.5% None Alg +20% BCP Li,O0(0.1)/
Ex.4 CF, CN6 tBuDPN TBP rubrene + 1.0% (15) Al(200)
(50 (30) (40) DCITB

(30)
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[0223] Respective organic EL elements manufactured
were measured for a chromaticity (CIE(x,y)), and a light
emitting efficiency, and measurement results together with a
driving voltage are shown in Table 2. A light emitting
efficiency is a value at 10 mA/cm?®.

TABLE 16
Driving Light emitting
voltage efficiency
W) CIE, CIE, (cdiA)
Ex. 20 6.7 0.23 0.38 20.5
Ex. 21 6.2 0.23 0.37 215
Ex. 22 6.4 0.23 0.38 20.9
Comp. 18 0.63 034 2.6
Ex. 4
[0224] As apparent from results shown in Table 16, in

organic EL elements of Examples 20 to 22, a high light
emitting efficiency is obtained as compared with an organic
EL element of Comparative Example 4. In addition, as
apparent from results of chromaticity measurement, in
organic EL elements of Examples 21 to 22, light emission
closer to white is obtained as compared with an organic EL
element of Comparative Example 4. In Comparative
Example 4, recombination occurs around a center of a red
light emitting layer, generating red emission.

[0225] The reason why organic EL elements of Examples
20 to 22 exhibit a high light emitting efliciency and better
white is as described above.

[0226] Inthe present Example, since light emission occurs
at two places of a first light emitting unit and a second light
emitting unit, a light emitting efficiency is improved 2-fold.
In addition, since light is emitted in each of a first light
emitting unit and a second light emitting unit, white emis-
sion combining green and blue of a first light emitting unit,
and red of a second light emitting unit can be obtained. To
the contrary, when an intermediate unit is not provided, as
described above, since light is emitted at one region in three
light emitting layers, by shifting of a position of a light
emitting region, a balance between light emitting intensities
of R(red), G(green) and B(blue) is easily disintegrated, and
better white cannot be obtained. Therefore, according to a

26
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second aspect of the present invention, white emission
having a better balance of RCB can be obtained.

[0227] Not only in the case of a second light emitting unit
of the present Example, but also in the case of a light
emitting unit in which two light emitting layers are lami-
nated, it is preferable to use a host material for a light
emitting layer as a pair of an electron transporting material
and a hole transporting material (in the present Example,
PBADN which is an electron transporting material is used in
a blue emitting layer, and NPB which is of hole transporting
property is used in a green emitting layer). Thereby, recom-
bination of an electron and a hole is fixed at an interface of
both light emitting layers, and a light emitting site is not
moved to change an emitting color relative to a change in a
voltage to be applied to an element. Herein, an electron
transporting material is an organic material having a higher
mobility of an electron than a mobility of a hole, and a hole
transporting material is an organic material having a higher
mobility of a hole than a mobility of an electron.

EXPERIMENT 8

Example 23 and Comparative Example 5

[0228] An organic EL element of Example 23 provided
with an anode, a hole injecting layer, a second light emitting
unit, an intermediate unit, a first light emitting unit, an
electron transporting layer, and a cathode shown in Table 17
was manufactured as in the Experiment 7. In addition, an
organic EL element of Comparative Example 5 of a structure
shown in Table 17 was manufactured, which is the same as
the organic EL element of Example 23 except that an
intermediate unit is not possessed.

[0229] Inthe present Example, a first light emitting unit is
formed like a second light emitting unit of Experiment 7,
and is formed of a green emitting layer provided on an anode
side, and a blue emitting layer provided on a cathode layer.

[0230] In the present Example, a second light emitting
layer is formed by laminating an orange emitting layer
(NPB+3.0% DBzR) and a blue emitting layer (TBADN+
2.5% TBP). In an orange emitting layer, NPB is used as a
host material, and DBZR is used as a dopant material.

[0231] Organic EL elements of Example 23 and Compara-
tive Example 5 have the aforementioned structure, and have
four light emitting layers of orange/blue/green/blue.

TABLE 17
Electron
Hole Injecting Second Light Intermediate First Light Transporting
Anode Layer Emitting Unit Unit Emitting Unit Layer Cathode
Ex. 23 ITO/CF, HAT- NPB + 3.0% TBADN +2.5% BCP(15)/ NPB + 1.0% TBADN + 2.5% BCP Li,0(0.1)/
CN6 DBzR TBP Li,0(0.1)/ tBuDPN TBP (15) Al(200)
(100) (30) (40) HAT-CN6(100)  (30) (40)
Comp. ITO/CF, HAT- NPB + 3.0% TBADN +2.5% None NPB + 1.0% TBADN + 2.5% BCP Li,0(0.1)
Ex. 5 CNb6 DBzR TBP tBuDPN TBP (15) Al/(200)
(100) (30) (40) (30) (40)
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[0232] Organic EL elements of Example 23 and Compara-
tive Example 5 were measured for a chromaticity and a light
emitting efficiency as in Experiment 7, and measurement
results together with a driving voltage are shown in Table 18.

TABLE 18
Driving Light Emitting
Voltage Efficiency
v CIE, CIE, (cdiA)
Ex. 23 17.0 0.25 0.35 13.0
Comp. 24.0 0.26 0.34 6.3
Ex. 5
[0233] As apparent from results shown in Table 18, an

organic EL element of Example 23 in accordance with the
present invention has a high light emitting efliciency as
compared with an organic EL element of Comparative
Example 5. In addition, an organic EL element of Example
23 exhibits better white emission as compared with an
organic EL element of Comparative Example 5. This is
because, in an organic EL element of Example 23, light is
emitted in a first light emitting unit and a second light
emitting unit separately, respectively, while in an organic EL
element of Comparative Example 5, light is emitted at one
place in four light emitting layers which are continuously
provided. In Comparative Example 5, recombination occurs
only in one of light emitting units, and a recombination

region is not expanded, therefore, a light emitting deficiency
is reduced by a half.

[0234] Examples in accordance with a third aspect of the
present invention will be explained below.

EXPERIMENT 9

Examples 24 to 26 and Comparative Example 6

[0235] Organic EL elements of Examples 24 to 26 and
Comparative Example 6 having an anode, a hole transport-
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ing layer, a second light emitting unit, an intermediate unit,
a first light emitting unit, an electron transporting layer, and
a cathode shown in Table 19 were manufactured. As shown
in Table 19, in Examples 24 to 26, a “HAT-CN6” layer
which is an electron extracting layer of an intermediate unit
is provided adjoining so as to directly contact with a first
light emitting unit. In Comparative Example 6, a NPB layer
as an adjacent layer is provided between a “HAT-CN6” layer
which is an electron extracting layer, and a light emitting
unit. In the following Table, a numerical in () indicates a
thickness (nm) of each layer.

[0236] An anode was manufactured by forming a fluoro-
carbon (CF,) layer on a glass substrate on which an ITO
(indium tin oxide) layer had been formed. A fluorocarbon
layer was formed by plasma polymerization of a CHF; gas.
A thickness of a fluorocarbon layer was 1 nm.

[0237] On the thus manufactured anode, a hole transport-
ing layer, a second light emitting unit, an intermediate unit,
a first light emitting unit, an electron transporting layer, and
a cathode were formed by successively depositing them by
a deposition method.

[0238] A hole transporting layer was formed from NPB.

[0239] A first light emitting unit and a second light emit-
ting unit are formed by laminating an orange light emitting
layer (NPB+3.0% DBzR) and a blue emitting layer
(TBADN+2.5% TBP). In any light emitting unit, an orange
emitting layer is situated on an anode side, and a blue
emitting layer is situated on a cathode side. In addition, %
is % by weight unless otherwise is indicated.

[0240] In an orange emitting layer, NPB is used as a host
material, and DBzR is used as a dopant material.

[0241] In a blue emitting layer, TBADN is used as a host
material, and TBP is used as a dopant material.

TABLE 19
Hole Electron
Transporting Second Light Intermediate Transporting
Anode Layer Emitting Unit Unit First Light Emitting Unit Layer Cathode
Ex. 24 ITO/ NPB NPB + 3.0% TBADN +2.5% BCP(15)/ NPB + 3.0% TBADN + 2.5% BCP Li,0(0.1)/
CF, (100) DBzR TBP Li,0(0.1)/ DBzR TBP (15) Al(200)
(30) (40) HAT-CN6(100) (30 (40)
Ex. 25 ITO/ NFB NPB + 3.0% TBADN +2.5% BCP(15)/ NPB + 3.0% TBADN + 2.5% BCP Li,0(0.1)/
CF, (100) DBzR TBP Li(0.3Y DBzR TBP (15) Al(200)
(30) (40) HAT-CN6(100)  (30) (40)
Ex. 26 ITO/ NPB NPB + 3.0% TBADN +2.5% BCP(15)/ NPB + 3.0% TBADN + 2.5% BCP L,0(0.1)/
CF, (100) DBzR TBP Cs(0.3)/ DBzR TBP (15) Al(200)
(30) (@0) HAT-CN6(100)  (30) (40)
Comp. ITO/ NPB NPB + 3.0% TBADN +2.5% BCP(15)/ NPB + 3.0% TBADN + 2.5% BCP Li,0(0.1)/
EBx. 6 CF, (100) DBzR TBP Li,0(0.1)/ DBzR TBP (15) Al(200)
(30) (0) HAT-CN6(100)  (30) (40)

NPB(20)
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[0242] Respective organic EL elements manufactured
were measured for a chromaticity (CIE(x,y)), and a light
emitting efficiency, and measurement results together with a
driving voltage are shown in Table 20. In addition, a light
emitting efficiency is a value at 10 mA/cm?.

TABLE 20
Driving Light Emitting
Voltage Efficiency
W) CIE, CIE, (cd/A)
Ex. 24 212 0.36 0.42 11.7
Ex. 25 20.8 0.35 0.41 12.0
Ex. 26 21.0 0.36 0.41 11.9
Comp. 232 0.35 0.41 9.7
Ex. 6
[0243] As apparent from results shown in Table 20, it is

seen that, in Examples 24 to 26 using an orange emitting
layer of a first light emitting unit as an adjacent layer, a
driving voltage is lowered as compared with Comparative
Example 6 using a NPB layer in an intermediate unit as an
adjacent layer. In addition, it is also seen that a light emitting
efficiency is improved. This is thought as follows: by
providing an orange emitting layer of a first light emitting

28
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unit adjoining an electron extracting layer, a hole generated
by extraction of an electron from an electron extracting layer
1s effectively supplied to a first light emitting unit.

[0244] According to the third aspect of the present inven-
tion, a light emitting layer on an intermediate unit side of a
first light emitting unit functions as an adjacent layer.
Therefore, a first light emitting unit is provided so as to
directly contact with an electron instructing layer, a driving
voltage can be lowered, and a light emitting efficiency can
be improved as compared with the case where an adjacent
layer is provided between an electron extracting layer and a
first light emitting unit.

[0245] Examples in accordance with a fourth aspect of the
present invention will be explained below.

EXPERIMENT 10

[0246] An organic EL element shown in FIG. 6 was
manufactured.

[0247] As shown in Table 21, in an element structure
shown in FIG. 6, a thickness of an electron extracting layer
(HAD-CNb) of an intermediate minute was changed in a
range of 5 to 150 nm.

TABLE 21
Second Light Emitting Unit First Light Emitting Unit
Hole Orange Orange Electron
Injecting  Emitting Intermediate Emitting Blue Emitting Transporting
Ex. Anode Layer Layer Blue Emitting Layer Unit Layer Layer Layer Cathode
27 ITO/ HAT-CN6 NPB + 3.0% TBADN + 2.5% BCP/LV/HAT-CN6 ~ NPB + 3.0% TBADN + 2.5% TBP BCP LiF/Al
CF,  (10) DBzR (60) TBP (50) (10)/(0.6)/(5) DBzR (60)  (50) (10) (1)/(200)
28 ITO/ HAT-CN6 NPB + 3.0% TBADN + 2.5% BCP/LVHAT-CN6  NPB + 3.0% TBADN + 2.5% TBP BCP LiF/Al
CF, (10) DBzR (60) TBP (50) (10)/{0.6)/(10) DBzR (60)  (50) (10) (1)/(200)
29 ITO/ HAT-CN6 NPB + 3.0% TBADN + 2.5% BCP/LV/HAT-CN6 ~ NPB + 3.0% TBADN + 2.5% TBP BCP LiF/Al
CF,  (10) DBzR(60)  TBP (50) (10)/{0.6)/(30) DBzR (60)  (50) (10) (1)/(200)
30 ITO/ HAT-CN6 NPB + 3.0% TBADN + 2.5% BCP/LV/HAT-CN6 ~ NPB + 3.0% TBADN + 2.5% TBP BCP LiF/Al
CF, (10) DBzR (60)  TBP (50) (10)/(0.69)/(80) DBzR (60)  (50) (10) (1)/(200)
31 ITO/ HAT-CN6 NPB + 3.0% TBADN + 2.5% BCP/LV/HAT-CN6 ~ NPB + 3.0% TBADN + 2.5% TBP BCP LiF/Al
CF, (10) DBzR (60) TBP (50) (10)/{0.6)/(100) DBzR (60)  (50) (10) (1)/(200)
32 ITO/ HAT-CN6 NPB + 3.0% TBADN + 2.5% BCP/LV/HAT-CN6 ~ NPB + 3.0% TBADN + 2.5% TBP BCP LiF/Al
CF, (10) DBzR (60)  TBP (50) (10)/(0.6)/(150) DBzR (60)  (50) (10) (1)/(200)
[0248] Properties of organic EL elements of Examples 27

to 32 were assessed. A voltage, a chromaticity and an
efficiency are values when driven at a current of 10 mA/cm?,
and a luminance half life is a value when driven at a current
of 40 mA/cm?>. Assessment results are shown in Table 22.

TABLE 22

Thickness

of Electron

Extracting Current Power Luminance

Layer Efficiency Efficiency Half Life

Ex. (nm) Voltage (V) CIE, CIE, (cd/A) (Im/W)  (hr) at40 mA/em?
27 5 8.85 029 0.36 28.74 10.20 500
28 10 8.98 029 037 29.84 1044 1100
29 30 8.93 031 04 33.15 11.66 1000
30 80 8.94 031 041 30.21 10.62 950
31 100 8.97 031 041 29.14 10.2 900
32 150 8.99 032 042 2571 8.98 600
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[0249] As apparent from results shown in Table 22, in
Examples 28 to 31, a luminance half life is 900 hours or
longer, and it is seen that they are excellent in life property.
In addition, they are also excellent in a power efficiency.
Particularly, in Examples 28 and 29, a luminance half life is
1000 hours or longer, a power efliciency is 101 m/W or
higher, and it is seen that life property and a light emitting
efficiency are better.

[0250] To the contrary, in Example 27, a luminance half
life is low, and it is seen that life property is inferior. This is
thought that, since a thickness of an electron extracting layer
is too small, Li is diffused from an electron injecting layer
in a cathode direction, diffused lithium reaches a light
emitting layer of a first light emitting unit, and suppresses
recombination of a hole and an electron.

[0251] In addition, in Example 32, a luminance half life is
reduced, and a power efficiency is also reduced, and it is
seen that life property and a light emitting efficiency are
reduced. In addition, in Example 32, a dark spot was
generated.

[0252] From the forgoing, it is seen that a thickness of an
electron extracting layer is preferably in a range of 8 to 100
nm, further preferably in a range of 10 to 80 nm, particularly
preferably in a range of 10 to 30 nm.

[0253] Examples in accordance with a fifth aspect of the
present invention will be explained below.

[0254] FIG. 9 is a schematic cross-sectional view showing
an organic EL element in accordance with the present
invention. As shown in FIG. 9, between a cathode 51 and an
anode 52, a first light emitting unit 41 and a second light
emitting unit 42 are provided. Between a first light emitting
unit 41 and a second light emitting unit 42, an intermediate
unit 30 is provided. A first light emitting unit 41 is provided
on a cathode 51 side relative to an intermediate unit 31, and
a second light emitting unit 42 is provided on an anode 52
side relative to an intermediate unit 30. An electron extract-
ing layer is provided in an intermediate unit 30. An adjacent
layer is provided on a cathode 51 side of this electron
extracting layer. An adjacent layer may be provided in a first
light emitting unit 41, or may be provided in an intermediate
unit 30, as described above.

[0255] Between a second light emitting unit 42 and an
anode 52, a hole injecting unit 10 is provided. A hole
injecting unit 10 is constructed of a hole injecting layer 105
situated on a second light emitting unit 42, and a hole
injection promoting layer 10q situated on an anode 52 side.

[0256] FIG. 10 is a view showing an energy diagram
around a hole injecting unit.

[0257] In Example shown in FIG. 10, an anode 52 is
formed of ITO (indium tin oxide).

[0258]
CuPc.

[0259]

[0260] In FIG. 10, only an orange emitting layer which is
a light emitting layer on an anode 52 side is shown as a
second light emitting unit 42. This orange emitting layer
uses NPB as a host material.

[0261] As shown in FIG. 10, an absolute value of a work
function of an anode 52 is 4.7 eV, an absolute value of a
HOMO energy level of a hole injection promoting layer 10a

A hole injection promoting layer 10a is formed of

A hole injecting layer 106 is formed of NPB.
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is 5.0 eV, and an absolute value of a HOMO energy level of
a hole injecting layer is 5.4 eV.

[0262] Since a value of HOMO of a hole injection pro-
moting layer 10a is a value between a value of work function
of an anode and a value of HOMO of a hole injecting layer
105 as described above, this facilitates movement of a hole
from an anode 52 to a hole injecting layer 105. Therefore,
injection of a hole from an anode 52 into a second light
emitting unit can be promoted. Thereby, a hole can be
effectively injected into a second light emitting unit, a light
emitting intensity in a second light emitting unit can be
relatively enhanced, and a light emitting efficiency as a hole
element can be improved.

[0263] In a fifth aspect of the present invention, a thick-
ness of a hole injection promoting layer 10a is preferably in
a range of 1 to 100 nm, further preferably in a range of 5 to
20 nm. In addition, a thickness of a hole injecting layer 105
is preferably in a range of 1 to 300 nm, further preferably in
a range of 10 to 200 nm.

EXPERIMENT 11

Examples 33 to 35 and Comparative Example 7

[0264] Organic EL elements of Examples 33 to 35 and
Comparative Example 7 having an anode, a hole injecting
unit, a second light emitting unit, an intermediate unit, a first
light emitting unit, an electron transporting layer, and a
cathode shown in Table 23 were manufactured. In the
following Table, a numerical in () indicates a thickness (nm)
of each layer.

[0265] An anode was manufactured by forming a fluoro-
carbon (CF,) layer on a glass substrate on which an ITO
(indium tin oxide) film had been formed. A fluorocarbon
layer was formed by plasma polymerization of a CHF; gas.
A thickness of a fluorocarbon layer was 1 nm.

[0266] On the anode manufactured as described above, a
hole injecting unit, a second light emitting unit, an interme-
diate unit, a first light emitting unit, an electron transporting
layer, and a cathode were formed by successively depositing
them by a deposition method.

[0267] In Examples 33 to 35, a hole injecting unit is
constructed of a hole injection promoting layer comprising
CuPc, and a hole injecting layer comprising NPB. In Com-
parative Example 7, a hole injecting unit comprising a NPB
layer is formed.

[0268] In addition, an intermediate unit is formed as in the
intermediate unit 30 shown in FIG. 2 except that an electron
injecting layer is formed of Li,0, Li or Cs.

[0269] A first light emitting unit and a second light emit-
ting unit are formed by laminating an orange light emitting
layer (NPB+3.0% DBzR) and a blue emitting layer
(TBADN+2.5% TBP). In any light emitting unit, an orange
emitting layer is situated on an anode side, and a blue
emitting layer is situated on a cathode side. And, % is % by
weight unless otherwise is indicate.

[0270] In an orange emitting layer, NPB is used as a host
material, and DBzR is used as a dopant material.

[0271] In a blue emitting layer, TBADN is used as a host
material, and TBP is used as a dopant material.
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TABLE 23
Hole Electron
Injecting Second Light First Light Transporting
Ancde  Unit Emitting Unit Intermediate Unit Emitting Unit Layer Cathode
Ex. 33 ITO/ CuPc/NPB NPB + 3.0% TBADN + 2.5% BCP/Li,O/HAT-CN6 NPB + 3.0% TBADN +2.5% BCP Li,O/Al
CFx  (10)(50) DBzR TBP (15)/(0.1)/(100) DBzR TBP (15) (0.1)/(200)
(30) (40) (30) (40)
Ex. 34 ITO/ CuPc/NPB NPB + 3.0% TBADN + 2.5% BCP/L/HAT-CN6 NPB + 3.0% TBADN +2.5% BCP Li,0/Al
CFx  (10)(50) DBzR TBP (15)/(0.3)/(100) DBzR TBP (15) (0.1)/(200)
(30) (40) (30) (40)
Ex. 35 ITO/ CuPc/NPB NPB + 3.0% TBADN + 2.5% BCP/Cs/HAT-CN6 NPB + 3.0% TBADN +2.5% BCP Li,O/Al
CFx  (10)(50) DBzR TBP (15)/(0.3)/(100) DBzR TBP (15) (0.1)/(200)
(30) (40) (30) (40)
Comp. ITO/ NPB NPB + 3.0% TBADN + 2.5% BCP/Li,O/HAT-CN6 NPB + 3.0% TBADN +2.5% BCP Li,O/Al
Ex.7 CFx  (100) DBzR TBP (15)/(0.1)/(100) DBzR TBP {15) (0.1)/(200)
(30) (40) (30) (40)

[0272] Respective organic EL elements manufactured
were measured for a chromaticity (CIE(x,y)), and a light
emitting efficiency, and measurement results together with a
driving voltage are shown in Table 24. A light emitting
efficiency is a value at 10 mA/cm®.

TABLE 24
Light Emitting
Driving Efficiency

Voltage (V) CIE, CIE, (cd/A)
Ex. 33 16.7 0.33 0.39 19.8
Ex. 34 15.8 0.33 0.38 20.8
Ex. 35 16.1 0.32 0.38 20.1
Comp. 21.2 0.36 0.42 11.7
Ex. 7

[0273] As apparent from results shown in Table 24, in

Examples 33 to 35 in which a hole injecting unit consisting
of a hole injection promoting layer and a hole injecting layer
is provided in accordance with a fifth aspect of the present
invention, a driving voltage is lowered, and a high light
emitting efliciency is obtained as compared with Compara-
tive Example 7 using a hole injecting unit consisting only of
a NPB layer. This is thought that, by providing a hole
injection promoting layer between an anode and a hole
injecting layer in accordance with a fifth aspect of the
present invention, movement of a hole from an anode to a
second light emitting unit becomes easy, and injection of a
hole into a second light emitting unit is promoted.

[0274] Examples in accordance with a sixth aspect of the
present invention will be explained below.

[0275] An organic EL element of Examples in accordance
with a sixth aspect of the present invention has a structure
shown in FIG. 9 and, in FIG. 9, a hole injecting unit 10 is
constructed of a first electron extracting layer 10a and a first
adjacent layer 105.

[0276] FIG. 11 is a view showing energy diagram around
a hole injecting unit 10. A hole injecting unit 10 is con-
structed of a first electron extracting layer 10a and a first
adjacent layer 104, and a first electron extracting layer 10a
is formed of HAT-CNG6.

[0277] A first adjacent layer 105 is formed of NPB.

[0278] In a sixth aspect of the present invention, a thick-
ness of a first electron extracting layer 10a is preferably in
arange of 1 to 150 nm, further preferably in a range of 5 to

100 nm. In addition, a thickness of a first adjacent layer 105
is preferably in a range of 1 to 300 nm, further preferably in
a range of 5 to 200 nm.

[0279] An anode 52 is formed of ITO (indium tin oxide).

[0280] As shown in FIG. 11, a difference between an
absolute value (4.4 eV) of a LUMO energy level of a first
electron extracting layer 10a and an absolute value (5.4 V)
of a HOMO energy level of a first adjacent layer 105 is 1.0
eV. Therefore, a first electron extracting layer 105 can
extract an electron from a first adjacent layer 105 upon
application of a voltage to an anode and a cathode. The
extracted electron is absorbed into an anode 52.

[0281] On the other hand, in a first adjacent layer 105,
since an electron is extracted, a hole is generated. This hole
1s supplied to a second light emitting unit, and is recombined
with an electron supplied from an intermediate unit 30 or a
cathode 51. As described above, by extraction of an electron
from a first adjacent layer 105 by a first electron extracting
layer 10a, a hole is generated in a first adjacent layer 104,
and this hole is supplied to a light emitting unit. An absolute
value of a work function of an anode 52 is 4.8 eV, an
absolute value of an energy level of HOMO of a first
electron extracting layer 10a is 7.0 eV and, since a difference
thereof is large as 2.2 eV, a hole is injected from an anode
52 into a first electron extracting layer 104 with difficulty. In
a sixth aspect of the present invention, as described above,
by extraction of an electron from a first adjacent layer 105
by a first electron extracting layer 10a, a hole is generated
in a first adjacent layer 104, and this hole is supplied to a
light emitting unit.

[0282] In a sixth aspect of the present invention, by the
aforementioned mechanism, a hole can be effectively sup-
plied from a hole injecting unit 10 to a light emitting unit
and, for this reason, a driving voltage can be reduced, and a
light emitting efficiency can be improved.

EXPERIMENT 12

Examples 36 to 38 and Comparative Examples 8 to
9

[0283] Organic EL elements of Examples 36 to 38 and
Comparative Examples 8 to 9 having an anode, a hole
injecting unit, a second light emitting unit, an intermediate
unit, a first light emitting unit, an electron transporting layer,
and a cathode shown in Table 25 were manufactured. In the
following Table, a numerical in () indicates a thickness (nm)
of each layer.
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TABLE 25
Hole Electron
Injecting Second Light Intermediate First Light Transporting
Ancde  Unit Emitting Unit Unit Emitting Unit Layer Cathode
Ex. 36 ITO/  HAT- NPB +3.0% TBADN + 2.5% BCP(15)/ NPB + 3.0% TBADN +2.5% BCP Li,0(0.1)/
CF,  CN6(100)/ DBzR TBP Li,0(0.1)/ DBzR TBP (15) Al(200)
NPB(20) (30) (40) HAT-CN6(100)  (30) (40)
NPB(20)
Ex.37 ITO/  HAT- NPB +3.0% TBADN + 2.5% BCP(15)/ NPB + 3.0% TBADN +2.5% BCP Li,0(0.1)/
CF,  CN6(100)/ DBzR TBP Li(0.3)/ DBzR TBP (15) Al(200)
NPB(20) (30) (40) HAT-CN6(100)  (30) (40)
NPB(20)
Ex. 38 ITO/  HAT- NPB +3.0% TBADN + 2.5% BCP(15)/ NPB + 3.0% TBADN +2.5% BCP Li,0(0.1)/
CF,  CN6(100)/ DBzR TBP Cs(0.3) DBzR TBP (15) Al(200)
NPB(20)  (30) (40) HAT-CN6(100)  (30) (40)
NPB(20)
Comp. ITO/  NPB NPB +3.0% TBADN + 2.5% BCP(15)/ NPB + 3.0% TBADN +2.5% BCP Li,0(0.1)/
Ex.8 CF,  (100) DBzR TBP Li,0(0.1)/ DBzR TBP (15) Al(200)
(30) (40) HAT-CN6(100)  (30) (40)
NPB(20)
Comp. ITO/  None NPB +3.0% TBADN + 2.5% BCP(15)/ NPB + 3.0% TBADN +2.5% BCP Li,0(0.1)/
Ex.9 CF, DBzR TBP Li,0(0.1)/ DBzR TBP (15) Al(200)
(30) (40) HAT-CN6(100)  (30) (40)
NPB(20)
[0284] An anode was formed by forming a fluorocarbon
(CFE,) layer on a glass substrate on which an ITO (indium tin TABLE 26
oxide) film had been formed. A fluorocarbon layer was — . —
formed by plasma polymerization of a CHF; gas. A thick- \D/“ll’mg Ll%hi; Emitting
oltage iciency
ness of a fluorocarbon layer was 1 nm. W) CIE, CIE, (cdiA)
[0285] On the anode manufactured as described above, a Ex. 36 124 035 0.42 202
hole injecting unit, a second light emitting unit, an interme- Ex. 37 11.5 0.34 041 21.2
diate unit, a first light emitting unit, an electron transporting Ex. 38 1.3 0.35 0.42 209
. .. Comp. 21.0 036 042 117
layer, and a cathode were formed by successively depositing Fx %
them by a deposition method. Comp. 13.0 032 041 173
Ex. 9
[0286] In a hole injecting unit of Examples 36 to 38, a
“HAT-CN6” layer was formed as a first electron extracting
layer, and a NPB layer was formed thereon as a first adjacent [0292] As apparent from results shown in Table 26, in

layer. In Comparative Example 8, a hole injecting unit was
formed using only a NPB layer. In Comparative Example 9,
a second light emitting unit was formed directly on an anode
without forming a hole injecting unit.

[0287] In an intermediate unit, an electron injecting layer
is formed using Li,0, Li or Cs.

[0288] A first light emitting unit and a second light emit-
ting unit are formed by laminating a light emitting layer
(NPB+3.0% DBzR) and a blue emitting layer (TBADN+
2.5% TBP). In any light emitting unit, an orange emitting
layer is situated on an anode side, and a blue emitting layer
is situated on a cathode side. And, % is % by weight unless
otherwise is indicated.

[0289] In an orange emitting layer, NPB is used as a host
material, and DBzR is used as a dopant material.

[0290] In a blue emitting layer, TBADN is used as a host
material, and TBP is used as a dopant material.

[0291] Respective organic EL elements manufactured
were measured for a chromaticity (CIE(x,y)), and a light
emitting efficiency, and measurement results together with a
driving voltage are shown in Table 26. A light emitting
efficiency is a value at 10 nA/cm?.

organic EL elements of Examples 36 to 38 in which a hole
injecting unit consisting of a first electron extracting layer
and a first adjacent layer is formed in accordance with a sixth
aspect of the present invention, a driving voltage is low, and
a light emitting efficiency is high as compared with organic
EL elements of Comparative Examples 8 and 9.

[0293] Examples in accordance with a seventh aspect of
the present invention will be explained below.

[0294] FIG. 12 is a schematic cross-sectional view show-
ing an organic EL element in accordance with a seventh
aspect of the present invention. As shown in FIG. 12,
between a cathode 51 and an anode 52, a first light emitting
unit 41, a second light emitting unit 42, and a third light
emitting unit 43 are provided. Between a first light emitting
unit 41 and a second light emitting unit 42, an intermediate
unit 30 is provided. Between a second light emitting unit 42
and a third light emitting unit 43, an intermediate unit 31 is
provided.

[0295] An intermediate unit 30 is constructed of an elec-
tron extracting layer 30a situated on a cathode 51 side, an
electron transporting layer 30c¢ situated on an anode 52 side,
and an electron injecting layer 305 provided between an
electron extracting layer 30a and an electron transporting
layer 30c. Likewise. an intermediate unit 31 is constructed
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of an electron extracting layer 31a provided on a cathode 51
side, an electron transporting layer 31c provided on a
cathode 52 side, and an electron injecting layer 315 provided
between an electron extracting layer 31a and an electron
transporting layer 31c.

[0296] Between a cathode 51 and a first light emitting unit
41, an electron transporting layer 12 is provided. Between an
anode 52 and a third light emitting unit 43, a hole injecting
layer 10 is provided.

[0297] In a seventh aspect of the present invention, film
thicknesses of respective electron transporting layers 12, 30¢
and 31c are set to be greater as they become more distant
from a cathode 51. Therefore, a film thickness of an electron
transporting layer 30c is set to be greater than a film
thickness of an electron transporting layer 12, and a film
thickness of an electron transporting layer 31c is set to be
greater than a film thickness of an electron transporting layer
30c. Respective film thicknesses of electron transporting
layers 12, 30c and 31c are set to be not greater than 40 nm.

[0298] By providing film thicknesses of electron trans-
porting layers 12, 30c and 31¢ as described above, a balance
of electron injection into respective light emitting units 41,
42 and 43 can be improved. For this reason, light emitting
intensities in respective light emitting units 41, 42 and 43
can be made to approach a uniform intensity and, as a result,
a light emitting efficiency as a whole element can be
improved.

[0299] According to the other embodiment of a seventh
aspect of the present invention, film thicknesses of a hole
injecting layer 10 and electron extracting layers 30a and 31a
are set to be greater as they become more distant from an
anode 52. Therefore, a film thickness of an electron extract-
ing layer 31a is set to be greater than a film thickness of a
hole injecting layer 10, and a film thickness of an electron
extracting layer 30q is set to be greater than a film thickness
of an electron extracting layer 31a. In addition, respective
film thicknesses of a hole injecting layer and electron
extracting layers 30a and 31a are set to be not greater than
100 nm.

[0300] By setting film thicknesses of a hole injecting layer
10 and electron extracting layers 30a and 31a as described
above, a balance of injection of a hole into respective light
emitting units 41, 42 and 43 can be improved. As a result,
light emitting intensities in respective light emitting units
41, 42 and 43 can be made to approach a uniform intensity,
and a light emitting efficiency as a whole element can be
improved.

[0301] In Example shown in FIG. 12, three light emitting
units are possessed, but the present invention is not limited
to this, and it is enough that at least two light emitting units
may be provided.

[0302] FIG. 13 is a view showing energy diagram around
an intermediate unit. An intermediate unit 30 is constructed
of an electron extracting layer 30a, an electron injecting
layer 306 and an electron transporting layer 30c. On a
cathode side of an electron extracting layer 30a, an adjacent
layer 40 is provided. In addition, on an anode side of an
intermediate unit 30, a second light emitting unit 42 is
provided. In FIG. 13, only layers on an intermediate unit 30
side of a second light emitting unit 42 are shown.

[0303] In Example shown in FIG. 13, an electron extract-
ing layer 30a is formed of HAT-CN6.

[0304] In addition, an electron injecting layer 305 is
formed of Li (metal lithium).
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[0305] In addition, an electron transporting layer 30c is
formed of BCP.

[0306] In a seventh aspect of the present invention, as
described above, a film thickness of an electron transporting
layer is not larger than 40 nm, further preferably in a range
of 1 to 40 nm. A film thickness of an electron injecting layer
is in a range of 0.1 to 10 nm, further preferably in a range
of 0.1 to 1 nm. A film thickness of an electron extracting
layer 30q is, as described above, preferably not larger than
100 nm, more preferably in a range of 1 to 100 nm, further
preferably in a range of 5 to 50 nm.

[0307] InExample shown in FIG. 13, an adjacent layer 40
is formed of NPB.

[0308] In Example shown in FIG. 13, a layer indicated as
a second light emitting unit 42 is formed of TBADN.

[0309] As shown in FIG. 13, a difference between an
absolute value (4.4 e¢V) of a LUMO energy level of an
electron extracting layer 30a and an absolute value (5.4 V)
of a HOMO energy level of an adjacent layer 40 is within 1.5
eV. In addition, an absolute value of a LUMO energy level
(work function) of an electron injecting layer 305 is smaller
than an absolute value of a LUMO energy level of an
electron extracting layer 30q, and an absolute value of a
LUMO energy level of an electron transporting layer 30¢ is
smaller than an absolute value of a LUMO energy level of
an electron injecting layer 304.

[0310] Therefore, an electron extracting layer 30a can
extract an electron from an adjacent layer 40 upon applica-
tion of a voltage to an anode and a cathode.

[0311] The extracted electron is supplied to a second light
emitting unit 42 through an electron injecting layer 305 and
an electron transporting layer 30c.

[0312] In addition, in an adjacent layer 40, since an
electron is extracted, a hole is generated. This hole is
supplied to a first light emitting unit, and is recombined with
an electron supplied from a cathode or an adjacent interme-
diate unit. As a result, light is emitted in a first light emitting
unit.

[0313] An electron supplied to a second light emitting unit
is recombined with a hole supplied from an anode or an
adjacent intermediate unit, in a second light emitting unit 42.
As aresult, light is emitted in a second light emitting unit 42
as well as in a third light emitting unit 43.

[0314] As described above, according to the present
invention, a recombination region can be formed in a first
light emitting unit, a second light emitting unit, and a third
light emitting unit, respectively, and light can be emitted. As
a result, a light emitting efficiency can be enhanced and, at
the same time, light can be emitted at an emitting color of
a first light emitting unit, a second light emitting unit, and a
third light emitting unit.

EXPERIMENT 13

[0315] An organic EL element having an anode, a hole
injecting layer, a second light emitting unit, an intermediate
unit, a first light emitting unit, an electron transporting layer,
and a cathode shown in Table 27 was manufactured. In the
following Table, a numerical in () indicates a film thickness
(nm) of each layer. In an intermediate unit, a film thickness
X of an electron transporting layer formed of BCP was
changed between 70 nm and 500 nm as shown in Table 28.

[0316] An anode was manufactured by forming a fluoro-
carbon (CF,) layer on a glass substrate on which an ITO
(indium tin oxide) film had been formed. A fluorocarbon
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layer was formed by plasma polymerization of a CHF; gas.
A thickness of a fluorocarbon layer was 1 nm.

[0317] On the anode manufactured as described above, a
hole injecting layer, a second light emitting unit, an inter-
mediate unit, a first light emitting unit, an electron trans-
porting layer, and a cathode were formed by successively
depositing them by a deposition method.

[0318] A hole injecting layer is formed of HAT-CM6.

[0319] An intermediate unit is formed as in the interme-
diate unit 30 shown in FIG. 2 except that an electron
injecting layer is formed of Li,0.

[0320] A first light emitting unit and a second light emit-
ting unit are formed by laminating an orange emitting layer
(90% NPB+10% tBuDPN+3.0% DBzR) and a blue emitting
layer (80% TBADN+20% NPB+2.5% TBP). In any light
emitting unit, an orange emitting layer is situated on an
anode side, and a blue emitting layer is situated on a cathode
side. And, % is % by weight unless otherwise is indicated.

[0321] In an orange emitting layer, 90% NPB+10%
tBuDPN is used as a host material, and 3.0% by weight of
DBzR with respect to 100% by weight of the sum of NPB
and tBuDPN is used as a dopant material.

[0322] In a blue emitting layer, 80% TBADN+20% NPB
are used as a host material, and 2.5% by weight of TBP with
respect to 100% by weight of the sum of TBADN and NPB
is used as a dopant material.
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layer of an intermediate unit is 17 nm to 40 nm, and is
greater than that of an electron transporting layer on a
cathode side, a light emitting efficiency is improved as
compared with the case where the film thickness is 120 nm
which is the same as that of an electron transporting layer on
a cathode side. This is thought as follows: By making a film
thickness of an electron transporting layer of an intermediate
unit great, injection of an electron in a second light emitting
unit which is far from a cathode side is promoted and, as a
result, injection of an electron becomes approximately the
same extent in a first light emitting unit and a second light
emitting unit, light emitting intensities of a first light emit-
ting unit and a second light emitting unit approach a uniform
intensity, and a light emitting efficiency as a whole is
enhanced.

[0325] When a film thickness of an electron transporting
layer of an intermediate unit is 50 nm, a light emitting
efficiency is lowered. This is thought as follows: Since a film
thickness of an electron transporting layer becomes too
great, disorder occurs in electron injection, thereby, a light
emitting efficiency is reduced.

[0326] Inaddition, it is seen that, when a film thickness of
an electron transporting layer of an intermediate unit is 7
nm, and is smaller than a film thickness of an electron
transporting layer on a cathode side, a light emitting effi-
ciency is reduced.

TABLE 27
Hole Electron
Injecting Intermediate First Light Emitting Transporting
Anode Layer Second light Emitting Unit Unit Unit Layer Cathode
ITO/ HAT- 90% NPB + 80% TBADN + 20% BCP(X)/ 90% NPB + 10% 80% TBADN + 20% BCP LiF(1)/
10%
CFx  CN6 tBuDPN + NPB + Li,0(0.2)/ (BuDPN +3.0% NPB + 2.5% (12) Al(200)
(50) 3.0%
2.5% DBzR TBP HAT-CN6(50) DBzR TBP
(50) (50) ¢0) (0)
[0323] Respective organic EL elements manufactured [0327] From the forgoing, it is seen that, in accordance

were measured for a light emitting efficiency, and measure-
ment results together with a driving voltage are shown in
Table 28. A light emitting efficiency is a value at 20 mA/cm?.

with a seventh aspect of the present invention, by setting
film thicknesses of respective electron transporting layers so
that they become greater as they become more distant from

TABLE 28
Film Thickness
Film Thickness  of Electron
of Electron Transporting ~ Ratio of Film Thickness Ratio of
Transporting Layer of of Electron Transporting ~ Light Light
Layer on Intermediate Layer Emitting  Emitting
Cathode Side Unit (Intermediate Efficiency Efficiency Driving
(nm} (nm) Unit/Cathode Side) (cd/A) (%) Voltage
12 7 0.6 22.8 93 7.9
12 12 1.0 24.1 100 7.2
12 17 1.4 29.5 122 7.8
12 22 1.8 30.5 127 7.7
12 32 2.7 264 110 7.8
12 40 33 24.4 101 8.2
12 50 4.2 19.1 e 8.5
[0324] As apparent from results shown in Table 28, it is a cathode, and setting film thicknesses to be not greater than

seen that, when a film thickness of an electron transporting

40 nm, a better light emitting efliciency is obtained.
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EXPERIMENT 14

[0328] An organic FL element having an anode, a hole
injecting layer a third light emitting unit, a second interme-
diate unit, a second light emitting unit, a first intermediate
unit, a first light emitting unit, an electron transporting layer,
and a cathode shown in Table 29 was manufactured. In the
following Table, a thickness in () indicates a thickness (am)
of each layer.

[0329] A first intermediate unit and a second intermediate
unit are formed as in Experiment 1 except that a film
thickness X of an electron transporting layer of a first
intermediate unit and a film thickness Y of an electron
transporting layer of a second intermediate unit are changed
as shown in Table 30.

[0330] In addition, first to third light emitting units are
formed as in light emitting units in Experiment 13. In
addition, an anode, a hole injecting layer, an electron trans-
porting layer, and a cathode are formed as in Experiment 13.

[0331] An organic EL device manufactured was measured
for a light emitting efficiency, and measurement results are
shown in Table 30.
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film thickness of an electron transporting layer of a second
intermediate unit to be greater than a film thickness of an
electron transporting layer of a first intermediate unit, a high
light emitting efficiency is obtained.

EXPERIMENT 15

[0334] An organic EL element having an anode, a hole
injecting layer, a forth light emitting unit, a third interme-
diate unit, a third light emitting unit, a second intermediate
unit, a second light emitting unit, a first intermediate unit, a
first light emitting unit, an electron transporting layer, and a
cathode shown in Table 31 was manufactured.

[0335] An intermediate unit was formed as in the inter-
mediate unit of Experiment 13 except that a film thickness
X of an electron transporting layer of a first intermediate
unit, a film thickness Y of an electron transporting layer of
a second intermediate unit, and a film thickness Z of an
electron transporting layer of a third intermediate unit were
set at values shown in Table 32.

[0336] First to fourth light emitting units were formed as
in the light emitting unit of Experiment 13. In addition, an
anode, a hole injecting layer, an electron transporting layer,
and a cathode were formed as in Experiment 13.

TABLE 29
Hole
Injecting Third light Second Intermediate Second Light
Anode Layer Emitting Unit Unit Emitting Unit
ITO/ HAT- 90% NPB + 10% 80% TBADN + 20% BCP(Y)/ 90% NPB + 10% 80% TBADN + 20%
CFx CN6 tBuDPN + 3.0% NPB + 2.5% Li,0(0.2)/ tBuDPN +3.0% NPB + 2.5%
(50) DBZR TBP HAT-CN6(50) DBzR TBP
(50) (50) (50) (50)
First Electron
Anode First Intermediate Light Emitting Transporting
Unit Unit Layer Cathode
1TO/ BCP(X)/ 90% NPB + 10% 80% TBADN + 20% BCP LiF(1)/
CEx LL,0(0.2)/ tBUDPN + 3.0% NPB + 2.5% 12) Al(200)
HAT-CN6(50) (50) DBzR TBP
(50)
[0332]
TABLE 30
Film
Film Thicknesses
Film Thickness Y (nm) of Ratio of Film Ratio of Film
Thickness of X (nm) of Electron Thickness of Thicknesses of
Electron Electron Transporting Electron Electron
Transporting  Transporting Layer of Transporting Transporting Light
Layer on  Layer of First Second Layers (First Layers (Second Emitting  Driving
Cathode side  Intermediate  Intermediate Intermediate Intermediate Efficiency Voltage
(nm) Unit Unit Unit/Cathode Side)  Unit/Cathode Side)  (cd/A) V)
12 12 12 1.00 1.00 57.1 11.2
12 14 18 1.17 1.50 65 11.3
[0333] As shown in Table 30, it is seen that, by makinga  [0337] Respective organic EL elements manufactured

film thickness of an electron transporting layer of a first
intermediate unit to be greater than a film thickness of an
electron transporting layer on a cathode side, and making a

were measured for a light emitting efficiency, and a light
emitting efliciency together with a driving voltage is shown
in Table 32.
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TABLE 31
Hole Fourth Third
Injecting Light Emitting Third Intermediate light Emitting
Anode Layer Unit Unit Unit
1TO/ HAT- 90% NPB + 10% 80% TBADN + 20% BCP(ZY/ 90% NPB + 10% 80% TBADN + 20%
CFx CN6 tBuDPN + 3.0% NPB + 2.5% Li,0(0.2)/ tBuDPN + 3.0% NPB +2.5%
(20) DBzR TBP HAT-CN6(20) DBzR TBP
(50) (50) (50) (50)
Second First First Electron
Second Intermediate Light Emitting Intermediate Light Emitting Transporting
Anode  Unit Thit Thit Thit Layer Cathode
ITO/ BCP(Y)/Li,0(0.2)/ 90% NPB + 10% 80% TBADN + 20% BCP(X)/ 90% NPB + 10% 80% TBADN + BCP LiF(1)/
CFx  HAT-CN6(20) {BuDPN + 3.0% NPB + 2.5% Li,0(0.2)/ tBuDPN + 3.0%  20% (12) Al(200)
DBzR TBP HAT-CN6(20) DBzR TBP NPB + 2.5%
(50) (50) (50) (50)
[0338]
TABLE 32
Film Thickness
Film Thickness Y (um) of  Film Thickness
Film Thickness X (nm) of Electron Z (nm) of
Electron Electron Transporting Electron
Transporting ~ Transporting Layer of Transporting
Layer on Layer of First Second Layer of Third ~ Light  Driving
Cathode Side  Intermediate Intermediate Intermediate  Emitting  Voltage
(nm) Unit Uit Uni Efficiency (V)
12 12 12 12 75.3 17.6
12 14 16 18 79.2 17.5
[0339] As apparent from results shown in Table 32, by ~ [0341] An organic EL element having an anode, a hole

making a film thickness of an electron transporting layer of
a first intermediate unit greater than a film thickness of an
electron transporting layer on a cathode side, making a film
thickness of an electron transporting layer of a second
intermediate unit greater than an electron transporting layer
of a first intermediate unit, and making a film thickness of
an electron transporting layer of an third intermediate unit
greater than a film thickness of an electron transporting layer
of a second intermediate unit, a high light emitting efficiency
is obtained.

EXPERIMENT 16

[0340] In the present Experiment, thicknesses of a hole
injecting layer and an electron extracting layer were
changed.

injecting layer, a second light emitting unit, an intermediate
unit, a first light emitting unit, an electron transporting layer
and a cathode shown in Table 33 was manufactured.

[0342] Respective layers were formed as in Experiment 13
except that a film thickness Y of an electron extracting layer
of an intermediate unit was changed in a range of 10 nm to
110 nm as shown in Table 34, and a film thickness of an
electron transporting layer of an intermediate unit is 12 nm
which is the same as a film thickness of an electron trans-
porting layer on a cathode side.

[0343] Respective organic EL elements manufactured
were measured for a light emitting efficiency, and a light
emitting efficiency and a driving voltage are shown in Table
34.

TABLE 33

Hole Second First Electron

Injecting Light Emitting Intermediate Light Emitting Transporting
Anode Layer Unit Unit Unit Layer Cathode
ITO/ HAT- 90% NPB + 80% TBADN + BCP(12)/ 90% NPB + 10% 80% TBADN + 20% BCP LiF(1)/
CFx CN6 10% tBuDPN + 20% NPB + Li,0(0.2)/ tBuDPN + 3.0% NPB + 2.5% (12) Al(200)

X) 3.0% DBzR 2.5% TBP HAT-CN6(Y) DBzR TBP

(50) (50) (50 (50)
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[0348] A film thickness Z of an electron extracting layer of
a first light emitting unit, and a film thickness Y of an

TABLE 34 . . . .
electron extracting layer of a second intermediate unit were
Ratio of changed as shown in Table 36. According to the same
Film Thickness  Film thickness Light Light . manner as that of Experiment 13 except for the above
X (nm) of Hole Y (um) of Electron  Emitting  Emitting  Driving . o ] )
Injecting Layer Extracting Layer of Efficiency Efficiency  Voltage condition, an anode, a hole njecting layer, each llght emit-
on Anode Side  Intermediate Unit  (cd/A) (%) A2 ting unit, each intermediate unit, an electron transporting
50 10 186 77 77 layer, and a cathode were formed.
50 50 24.1 100 7.2 . .
50 70 26.5 110 77 [0349] Respective organic EL elements manufactured
30 100 2438 103 8.1 were measured for a light emitting efficiency, and measure-
50 110 19.2 80 8.6

ment results together with a driving voltage are shown in
Table 36.

TABLE 35
Hole Third Second Second First
Injecting Light Emitting Intermediate Light Emitting Intermediate
Anode Layer Unit Unit Unit Unit
ITO/  HAT- 90% NPB + 10% 80% TBADN +  BCP(12)/ 90% NPB + 10% 80% TBADN +20%  BCP(12)/
CFx  CN6 tBuDPN + 3.0%  20% NPB + 2.5% Li,0(0.2)/ tBuDPN + 3.0% NPB +2.5% Li,0(0.2)
X) DBzR TBP HAT-CN6(Y)  DBzR TBP HAT-CN6(Z)
(30 (50) (50) (50
Anode First Light Emitting Unit Electron Transporting Layer Cathode
ITO/  90% NPB + 10% tBuDPN + 3.0% 80% TBADN + 20% NPB + 2.5% TBP BCP (12) LiF (1)/Al (200)
CFx DBzR (50) (50)
[0345] As apparent from results shown in Table 34, itis  [0350]
seen that by setting a film thickness of an electron extracting
. . . . TABLE 36
layer of an intermediate unit to be in a range of 70 nm to 100
nm which is greater than a film thickness of a hole injecting Film Thickness
. . . L. . . Y (nm) of Film Thickness
layer on a cathode side, higher light emitting efficiency is Film Electron Z (um) of
. . e . . Thickness Extracting Electron Light
obtained than a light emitting efficiency obtained when the X (am) of Hole Layer of First Fxtracting Emiting Driving

film thickness is 50 nm, being the same as a film thickness
of ahole injecting layer. It is seen that, when a film thickness
of an electron extracting layer is 110 nm, a light emitting
efficiency is lowered. This is thought that, when a thickness
of an electron extracting layer becomes too great, disorder
occurs in hole movement. In addition, it is seen that, when
a film thickness of an electron extracting layer is smaller
than a film thickness of a hole injecting layer, a light
emitting efficiency is reduced.

EXPERIMENT 17

[0346] In the present Experiment, the number of light
emitting units was 3, and a film thickness of an electron
extracting layer in an intermediate unit was changed.

[0347]
injecting layer, a third light emitting unit, a second inter-

An organic EL element having an anode, a hole

mediate unit, a second light emitting unit, a first intermediate
unit, a first light emitting unit, an electron transporting layer,
and a cathode shown in Table 35 was manufactured.

Injecting Layer Intermediate  Layer of Second Efficiency Voltage

on Anode Side Unit Intermediate Unit  (cd/A) W)
50 50 50 57.1 11.2
50 60 70 61.2 11.7

[0351] As apparent from results shown in Table 36, by
making a film thickness of an electron extracting layer of a
first intermediate unit greater than a film thickness of a hole
injecting layer on an anode side, and making a film thickness
of an electron extracting layer of a second intermediate unit
greater than a film thickness of an electron extracting layer
of a first intermediate unit, a high light emitting efficiency is
obtained.

EXPERIMENT 18

[0352] In the present Experiment, both of an electron
extracting layer and an electron transporting layer of an
intermediate unit were changed.

[0353] An organic EL element having an anode, a hole
injecting layer, a second light emitting unit, an intermediate
unit, a first light emitting unit, an electron transporting layer
and a cathode shown in Table 37 was manufactured.
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[0354] A film thickness Z of an electron transporting layer
of an intermediate unit and a film thickness Y of an electron
extracting layer were changed as shown in Table 38. Accord-
ing to the same manner as that of Experiment 13 except for
the above condition, an anode, a hole injecting layer, each
light emitting unit, an intermediate unit, an electron trans-
porting layer, and a cathode were formed.

[0355] Respective organic EL elements manufactured
were measured for a light emitting efficiency, and measure-
ment results together with a driving voltage are shown in

[0360] FIG. 14 is a schematic cross-sectional view show-
ing an organic EL element in accordance with an eighth
aspect of the present invention. As shown in FIG. 14,
between a cathode 51 and an anode 52, a first light emitting
unit 41 and a second light emitting unit 42 are provided.
Between a first light emitting unit 41 and a second light
emitting unit 42, an intermediate unit 30 is provided. A first
light emitting unit 41 is provided on a cathode 51 side
relative to an intermediate unit 30, and a second light
emitting unit 42 is provided on an anode 52 side relative to

Table 38. an intermediate unit 30.
TABLE 37
Hole Second First Electron
Injecting Light Emitting Intermediate Light Emitting Transporting
Anode Tayer Unit Unit Unit Layer Cathode
ITO/ HAT- 90% NPB + 10% 80% TBADN + BCP(Z)/ 90% NPB + 10% 80% TBADN + BCP LiF(1)/
CFx CNé6 tBuDPN + 3.0%  20% NPB + 2.5% Li,0(0.2)/ tBuDPN + 3.0%  20% NPB + 2.5% (W) Al(200)
X) DBzR TBP HAT-CN6(Y); DBzR TBP
(50) (50) (50) (50)
[0356]
TABLE 38
Film Thickness  Film thickness
Film Thickness W (nm) of Z (nm) of Ratio of
X (nm) of Film Thickness Electron Electron Light Light
Hole Injecting Y (nm) of Electron  Transporting Transporting Emitting  Emitting Driving
Layer on Anode  Extracting Layer of Layer on Layer of Efficiency Efficiency Voltage
Side Intermediate Unit ~ Cathode Side Intermediate Unit  (cd/A) (%) W)
50 10 12 7 18.8 78 78
50 50 12 12 241 100 72
50 70 12 17 30.2 125 7.6

[0357] As shown in Table 38, by making a film thickness
of an electron transporting layer of an intermediate unit
greater than a film thickness of an electron transporting layer
on a cathode side, and making a film thickness of an electron
extracting layer of an intermediate unit greater than a film
thickness of a hole injecting layer on an anode side, a high
light emitting efficiency is obtained. In addition, it is seen
that, by making a film thickness of an electron transporting
layer of an intermediate unit smaller than a film thickness of
an electron transporting layer on a cathode side, and making
a film thickness of an electron extracting layer of an inter-
mediate unit smaller than a film thickness of a hole injecting
layer on an anode side, a light emitting efficiency is reduced.

[0358] Alight emitting efficiency is higher as 30.2 cd/A as
compared with the case where a film thickness of an electron
transporting layer of an intermediate unit is 17 nm in Table
28 (light emitting efficiency 29.5 c¢d/A), and the case where
a film thickness of a hole injecting layer of an intermediate
unit is 70 nm in Table 34 (26.5 ¢d/A). From the forgoing, it
is seen that, by making both film thicknesses of an electron
transporting layer and a hole injecting layer greater in an
intermediate unit in accordance with a seventh aspect of the

present invention, a light emitting efficiency can be further
enhanced.

[0359] Example in accordance with an eighth aspect of the
present invention will be explained below.

[0361] In an intermediate unit 30, an electron extracting
layer 31 and an electron transporting layer 33 are provided.

[0362] In accordance with an eighth-1 aspect of the
present invention, an electron extracting layer 31 is doped
with an electron extraction promoting material. A content of
an electron extraction promoting material in an electron
extracting layer 31 is preferably in a range of 0.1 to 50% by
weight, further preferably 1 to 45% by weight.

[0363] In accordance with an eighth-2 aspect of the
present invention, an electron extraction promoting layer 34
is provided between an electron extracting layer 31 and a
first light emitting unit 41. A thickness of an electron
extraction promoting layer 34 is preferably in a range of 0.1
to 100 nm, further preferably in a range of 0.5 to 50 nm.

[0364] In accordance with an eighth-3 aspect of the
present invention, an electron transporting layer 33 and/or
an electron extracting layer 31 are doped with an electron
injecting organic material. A content of an electron injecting
organic material is preferably in a range of 0.1 to 50% by
weight, further preferably in a range of 1 to 45% by weight.

[0365] In accordance with an eighth-aspect of the present
invention, between an electron extracting layer 31 and an
electron transporting layer 33, an electron injecting organic
material layer 35 comprising an electron injecting organic
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material is provided. A thickness of an electron injecting
organic material layer is preferably in a range of 0.1 to 100
nm, further preferably in a range of 0.5 to 50 nm.

[0366] In an eighth-aspect of the invention, when an
electron injecting layer 31 is provided, it is provided
between an electron extracting layer 31 and an electron
transporting layer 33 and, when an electron injecting organic
material layer 35 is present, it is provided between an
electron extracting layer 31 and an electron injecting organic
material layer 35. A thickness of an electron injecting layer
32 is preferably in a range of 0.1 to 100 nm, further
preferably in a range of 0.2 to 50 nm. Since a thickness of
an electron injecting layer 32 is very small, the layer may be
formed in the state where it is diffused on a surface of an
adjoining electron injecting organic material layer 35 and
electron transporting layer 33 and is doped therein.

[0367] FIG. 15 is a view showing energy diagram around
intermediate unit of one embodiment in accordance with an
eighth-1 aspect of the present invention. An intermediate
unit 30 is constructed of an electron extracting layer 31, an
electron injecting layer 32 and an electron transporting layer
33. On a cathode side of an electron extracting layer 31, an
adjacent layer 40 which is a light emitting layer on an
intermediate unit 30 side of a first light emitting unit 41 is
provided. In addition, on an anode side of an intermediate
unit 30, a second light emitting unit 42 is provided. In FIG.
2, only a light emitting layer on an intermediate unit 30 of
a second light emitting unit 42 is shown.

[0368] In Example showing in FIG. 15, an electron
extracting layer 31 is formed of HAT-CN6.

[0369] An electron injecting layer 32 is formed of Li
(metal lithtum).

[0370]

[0371] An adjacent layer (light emitting layer) 40 contains
NBP as a host material.

[0372] A light emitting layer indicated as a second light
emitting unit 42 contains TBADN as a host material.

[0373] In Example shown in FIG. 15, an electron extract-
ing layer 31 is doped with 4F-TCNQ

An electron transporting layer 33 is formed of BCP.

(2,3,5,6-tetrafluoro-7,7,8,8-tetracyano-quinodimethane).
That is, 4F-TCNQ is doped as an electron extraction pro-
moting material. 4F-TCNQ has the following structure.

F F
CN CN
C C
CN CN
F F
4F-TCNQ
[0374] OHBBDT

(4,5,6,7,4',5',6',7"-octahydro 2,2'|bi[ benzo[ 1,3 Jdithi-
olidene)) used as an electron extraction promoting material
in Example described later has the following structure.
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OHBBDT

[0375] In addition, TPBT

(2,2,2',2'-tetraphenyl-bi-thiapyran-4,4'-diylidene) used as an
electron extraction promoting material in Example
described later has the following structure.

TPBT

[0376] In addition, DTN

(2,3-diphenyl-1,4,6,11-tetraaza-naphthacene) used as an
electron injecting organic material in Example described
later has the following structure.

N, N,

& &

N N
DIN

[0377] As shown in FIG. 15, a difference between an
absolute value (4.4 e¢V) of a LUMO energy level of an
electron extracting layer 31 and an absolute value (5.4 eV)
of a HOMO energy level of an adjacent layer 40 is within 2.0
eV and, in the case of FIG. 15, the difference is 1.0 eV.
When this value is 2.0 eV, an electron extracting layer 31 can
extract an electron from an adjacent layer 40 upon applica-
tion of a voltage to an anode and a cathode. Further, as this
value is smaller, the electron extracting effect is larger. For
example, when this value is 1.5 eV, the electron extracting
effect is greater than the effect when this value is 2.0 eV and,
further, 1.0 eV or smaller as in FIG. 15 is most preferable.
An electron extracting layer 31 is doped with 4F-TCNQ, and
an absolute value of an energy level of LUMO of this
4F-TCNQ is 4.6 eV. Therefore, by doping a layer with an
electron extraction promoting material, extraction of an



US 2006/0289882 A1l

electron from an adjacent layer 40 becomes easy, and an
electron can be extracted effectively. The extracted electron
is supplied to a second light emitting unit 42 through an
electron injecting layer 32 and an electron transporting layer
33.

[0378] In an adjacent layer 40, since an electron is
extracted, a hole is generated. This hole is recombined with
an electron supplied from a cathode, in a first light emitting
unit. As a result, light is emitted in a first light emitting unit.

[0379] An electron supplied to a second light emitting unit
is recombined with a hole supplied from an anode, in a
second light emitting unit 42. As a result, light is emitted in
a second light emitting unit 42.

[0380] As described above, a recombination region can be
formed in a first light emitting unit and a second light
emitting unit, respectively, and light can be emitted. There-
fore, a light emitting efficiency can be enhanced and, at the
same time, light can be emitted at an emitting color of a first
light emitting unit and a second light emitting unit.

[0381] FIG. 16 is a view showing energy diagram around
intermediate unit in accordance with an eighth-1 aspect and
an eighth-4 aspect of the present invention. In Example
shown in FIG. 16, between an electron extracting layer 31
and an electron transporting layer 33, an electron injecting
organic material layer 35 comprising DTN is provided.

[0382] An electron extracting layer 31 is doped with
4F-TCNQ as an electron extraction promoting material as in
Example shown in FIG. 15. Therefore, an electron can be
easily extracted from an adjacent layer 40. An electron
extracted by an electron extracting layer 31 is supplied to an
electron transporting layer 33 and, between an electron
extracting layer 31 and an electron transporting layer 33, an
electron injecting organic material layer 35 is provided, and
since its LUMO energy level is a value between that of an
electron extracting layer 31 and that of an electron trans-
porting layer 33, an electron can be effectively injected into
an electron transporting layer 33.

[0383] InExample shown in FIG. 16, an electron injecting
organic material layer 35 comprising an electron injecting
organic material is provided between an electron extracting
layer 31 and an electron transporting layer 33, but in
accordance with an eighth-aspect of the present invention,
when an electron injecting organic material comprising
DTN is doped into an electron extracting layer 31 and/or an
electron transporting layer 33, the similar effect can be also
obtained.
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[0384] Inrespective Examples shown in FIG. 15 and FIG.
16, 4F-TCNQ which is an electron extraction promoting
material is doped into an electron extracting layer 31, but
also when an electron extraction promoting layer 34 com-
prising 4F-TCNQ is provided between an adjacent layer 40
and an electron extracting layer 31, the similar effect can be
obtained.

EXPERIMENT 19

Examples 39 to 53 and Comparative Examples 10
1o 12

[0385] Organic EL elements of Examples 39 to 53 and
Comparative Examples 10 to 12 having an anode, a hole
injective layer, a second light emitting unit, an intermediate
unit, a first light emitting unit, an electron transporting layer,
and a cathode shown in Table 39 were manufactured.

[0386] An anode was manufactured by forming a fluoro-
carbon (CF,) layer on a glass substrate on which an ITO
(indium tin oxide) film had been formed. A fluorocarbon
layer was formed by plasma polymerization of a CHF; gas.
A thickness of a fluorocarbon layer was 1 nm.

[0387] On the anode manufactured as described above, a
hole injecting layer, a second light emitting unit, an inter-
mediate unit, a first light emitting unit, an electron trans-
porting layer, and a cathode were formed by successively
depositing them by a deposition method.

[0388] A first light emitting unit and a second light emit-
ting unit are formed by laminating an orange emitting layer
(NPB+10% tBuDPN+3.0% DBzR) and a blue emitting layer
(TBADN+20% NPB+2.5% TBP). In any light emitting unit,
an orange emitting layer is situated on an anode side, and a
blue emitting layer is situated on a cathode side. And, % is
% by weight unless otherwise is indicated.

[0389] In an orange emitting layer, NPB and tBuDPN are
used as a host material, and DBzR is used as a dopant
material.

[0390] Inablueemitting layer, TBADN and NPB are used
as a host material, and TBP is used as a dopant material.

[0391] Respective organic EL elements manufactured
were measured for a light emitting efficiency, and measure-
ment results together with a driving voltage are shown in
Table 39. A light emitting efficiency is a value at 10 mA/cm?.

TABLE 39

Second Light Emitting Unit

Hole Orange Blue
Injecting Emitting Emitting
Anode Layer Layer Layer Intermediate Unit
Ex. ITO/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/Li,O/HAT-CN6 + 25% 4F-TCNQ
39 CFx (50) DBzR(30) TBP(40) (10)/(0.2)/(50)
Ex. ITO/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/Li;,O/HAT-CN6 + 20% OHBBDT
40 CFx (50) DBzR(30) TBP(40) (10)/(0.2)/(50)
Ex. ITO/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/Li,O/HAT-CN6 + 25% TPBT
41 CFx (50) DBzR(30) TBP(40) (10)/(0.2)/(50)
Ex. ITO/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/Li,O/HAT-CN6/TPBT
42 CFx (50) DBzR(30) TBP(40) (10)/(0.2)/(47)/(3)
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Ex. ITo/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/DTN/Li,O/HAT-CN6
43 CFx (50) DBzR(30) TBP(40) (10)/(3)/(0.2)/(50)
Ex. ITo/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/BCP + 50% DTN/Li,O/HAT-CN6
44 CFx (50) DBzR(30) TBP(40) (10)/(3)/(0.2)/(50)
Ex. ITo/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/DTN/Li;O/HAT-CN6 + 25% 4F-TCNQ
45 CFx (50) DBzR(30) TBP(40) (10)/(3)/(0.2)/(50)
Ex. ITo/ HAT-CN6/NPB  NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/DTN/Li,O/HAT-CN6 + 25%
46 CFx (50)/(30) DBzR(30) TBP(40) 4F-TCNQ/NPB (10)/(3)/(0.2)/(50)/(30)
Ex. ITo/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/50% DTN + 50% HAT-CN6/HAT-CN6
47 CFx (50) DBzR(30) TBP(40) (10)/(3)/(50)
Ex. ITo/ HAT-CN6/NPB ~ NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/DTN/LI/HAT-CN6 + 25% 4F-TCNQ-NPB
48 CFx (50)/(30) DBzR(30) TBP(40) (10)/(3)/(0.2)/(50)/(30)
Ex. ITo/ HAT-CN6/NPB ~ NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/DTN/Cs'HAT-CN6 + 25% 4F-TCNQ-NPB
49 CFx (50)/(30) DBzR(30) TBP(40) (10)/(3)/(0.2)/(50)/(30)
Ex. ITo/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/LiHAT-CN6 + 25% 4F-TCNQ
50 CFx (50) DBzR(30) TBP(40) (10)/(0.2)/(50)
Ex. ITo/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/50% Mg + 50% HAT-CN6/HAT-CN6
51 CFx (50) DBzR(30) TBP(40) (15)/(3)/(25)
Ex. ITo/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/50% Mg + 50% DTN/HAT-CN6
52 CFx (50) DBzR(30) TBP(40) (15)/(3)/(25)
Ex. ITo/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/50% Mg + 50% DTN/50% Mg + 50%
53 CFx (50) DBzR(30) TBP(40) HAT-CN6/HAT-CN6 (15)/(3)/(3)/(25)
Comp. ITO/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/HAT-CN6
Ex. 10 CFx (50) DBzR(30) TBP(40) (10)/(50)
Comp. ITO/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP/Li,O/HAT-CN6
Ex. 11 CFx (50) DBzR(30) TBP(40) (10)/(0.2)/(50)
Comp. ITO/ HAT-CN6 NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% None
Ex. 12 CFx (50) DBzR(30) TBP(40)
First light emitting unit

Orange Blue Light

Emitting Emitting Driving Light Emit-

Layer Layer Electron Transporting Layer Cathode Voltage  ting Efficiency (cd/A)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 72 32.0
39 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 73 28.8
40 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 72 29.8
41 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 85 29.7
42 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 71 33.1
43 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 73 245
44 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 6.8 345
45 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 74 335
46 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 11.0 27.0
47 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 73 32.5
48 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 73 32.6
49 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 72 31.8
50 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 73 29.7
51 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 72 313
52 DBzR(30) TBP(40) (10) (10)/(2000)
Ex. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 73 33.8
53 DBzR(30) TBP(40) (10) (10)/(2000)
Comp. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 14.2 11.5
Ex. 10 DBzR(30) TBP(40) (10) (10)/(2000)
Comp. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 74 24,0
Ex. 11  DBzR(30) TBP(40) (10) (10)/(2000)
Comp. NPB + 10% tBuDPN + 3.0% TBADN + 20% NPB + 2.5% BCP LiF/Al 6.0 12.1
Ex. 12 DBzR(30) TBP(40) (10) (10)/(2000)
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[0392] As shown in Table 39, in Example 39, 4F-TCNQ as
an electron extraction promoting material is doped into an
electron transporting layer. In Example 40, OHBBDT as an
electron extraction promoting material is doped into an
electron extracting layer. In Example 41, TPBT as an
electron extraction promoting material is doped into an
electron extracting layer.

[0393] In Example 42, an electron extraction promoting
layer comprising TPBT is provided between an electron
transporting layer, and an orange emitting layer of a first
light emitting unit which is an adjacent layer.

[0394] In Example 43, an electron injecting organic mate-
rial layer comprising DTN which is an electron injecting
organic material is provided between an electron transport-
ing layer comprising BCP, and an electron injecting layer
comprising [i,0.

[0395] In Example 44, between an electron transporting
layer comprising BCP, and an electron injecting layer com-
prising Li,0, a layer of BCP doped with 50% DTN is
provided. Therefore, a surface of an electron transporting
layer is doped with an electron injecting organic material
comptrising DTN.

[0396] In Example 45, between an electron transporting
layer comprising BCP, and an electron injecting layer com-
prising Li,0, an electron injecting organic material layer
comprising DTN is provided. In addition, an electron
extracting layer is doped with an electron extraction pro-
moting material comprising 4F-TCNQ.

[0397] In Example 46, between an electron transporting
layer comprising BCP and an electron injecting layer com-
prising Li,O, an electron injecting organic material layer
comprising DTN is provided. In addition, an electron
extracting layer is doped with 4F-TCNQ and, as an adjacent
layer, a layer comprising NPB is provided in an intermediate
unit.

[0398] In Example 47, between an electron extracting
layer and an electron transporting layer comprising BCP, a
layer comprising HAT-CN6doped with 50% DTN is pro-
vided. Therefore, a surface of an electron extracting layer is
doped with an electron injecting organic material compris-
ing DTN.

[0399] In Example 48, between an electron transporting
layer comprising BCP, and an electron injecting layer com-
prising Li, an electron injecting organic material layer
comprising DTN is provided. An electron extracting layer is
doped with 4F-TCNQ and, in an intermediate unit, an
adjacent layer comprising NPB is provided.

[0400] In Example 49, between an electron transporting
layer comprising BCP, and an electron injecting layer com-
prising Cs, an electron injecting organic material layer
comprising DTN is provided. In addition, an electron
extracting layer is doped with an electron extraction pro-
moting material comprising 4F-TCNQ. In addition, in an
intermediate unit, an adjacent layer comprising NPB is
provided.

[0401] In Example 50, an electron extracting layer is
doped with an electron extraction promoting material com-
prising 4F-TCNQ.

[0402] In Example 51, an electron injecting layer com-
prising Mg is 50% doped with HAT-CN6 as a material for
an electron extracting layer. A work function of Mg is -3.7
eV.
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[0403] In Example 52, an electron injecting layer com-
prising Mg is 50% doped with DTN as an electron injecting
organic material.

[0404] In Example 53, a first electron injecting layer
comprising Mg doped with 50% HAT-CN6, and a second
electron injecting layer comprising Mg doped with 50%
DTN are provided. A first electron injecting layer is arranged
on a cathode side, and a second electron injecting layer is
arranged on an anode side.

[0405] In Comparative Example 10, in an intermediate
unit, only an electron extracting layer and an electron
transporting layer are provided.

[0406] In Comparative Example 11, only an electron
extracting layer, an electron injecting layer, and an electron
transporting layer are provided.

[0407] In Comparative Example 12, an intermediate unit
is not provided.

[0408] As apparent from results shown in Table 39,
Examples 39 to 41 in accordance with an eighth-1 aspect of
the present invention exhibit a better light emitting effi-
ciency as compared with Comparative Examples 10 to 12.

[0409] Example 42 in accordance with an eighth-2 aspect
of the present invention exhibits a better light emitting
efficiency as compared with Comparative Examples 10 to
12.

[0410] Example 43 in accordance with an eithth-4 aspect
of the present invention exhibits a better light emitting
efficiency as compared with Comparative Examples 10 to
12.

[0411] Example 44 in accordance with an eighth-3 aspect
of the present invention exhibits a better light emitting
efficiency as compared with Comparative Examples 10 to
12.

[0412] Examples 45 and 46 in accordance with an eighth-1
aspect and an eighth-4 aspect of the present invention
exhibit a better light emitting efficiency as compared with
Comparative Examples 10 to 12.

[0413] Example 47 in accordance with an eighth-3 aspect
of the present invention exhibits a better light emitting

efficiency as compared with Comparative Examples 10 to
12.

[0414] Examples 48 and 49 in accordance with an eighth-1
aspect and an eighth-4 aspect of the present invention
exhibit a better light emitting efficiency as compared with
Comparative Examples 10 to 12.

[0415] Example 50 in accordance with an eighth-1 aspect
of the present invention exhibits a better light emitting
efficiency as compared with Comparative Examples 10 to
12.

[0416] Examples 51 to 53 in accordance with an eighth-5
aspect of the present invention exhibit a better light emitting
efficiency as compared with Comparative Examples 10 to
12.

[0417] Table 40 shows absolute values of HOMO energy
levels and absolute values of LUMO energy levels of
4F-TCNQ, OHBBDT, TPBT, DTN, HAT-CN6, NPB, and
BCP.
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TABLE 40
HOMO (eV) LUMO (6V)
4F-TCNQ — 4.6
OHBBDT — 5.0
TPBT — 49
DIN 6.5 39
HAT-CN6 7.0 44
NPB 54 2.6
BCP 6.4 27

[0418] As shown in Table 40, in an eighth aspect of the
present invention, absolute values of energy levels of
LUMO of 4F-TCNQ, OHBBDT, and TPBT used as an
electron extraction promoting material are higher than an
absolute value of an energy level of LUMO of HAT-CN6 of
an electron extracting layer, and lower than an absolute
value of an energy level of HOMO of NBP which is a host
material for an adjacent layer.

[0419] In addition, in an eighth aspect of the present
invention, an energy level of LUMO of DTN used as an
electron injecting organic material is smaller than an abso-
lute value of an energy level of LUMO of HAT-CN6 of an
electron extracting layer, and is larger than an absolute value
of an energy level of LUMO of BCP of an electron trans-
porting layer.

[0420] FIG. 4 is a cross-sectional view showing an
example of a bottom emission-type of organic EL display
device in accordance with the present invention. In this
organic EL display device, light emission in each pixel is
driven using TFT as an active element. Alternatively, as an
active element, a diode may be used. In addition, in this
organic EL display device, a color filter is provided. This
organic EL display device is a bottom emission-type display
device performing display by irradiating light below a
substrate 1 as shown by an arrow.

[0421] Referring to FIG. 4, a first insulating layer 2 is
provided on a substrate 1 comprising a transparent substrate
such as a glass. A first insulating layer 2 is formed, for
example, of SiO, or SiN_. On a first insulating layer 2, a
channel region 20 comprising a polysilicon layer is formed.
On a channel region 20, a drain electrode 21 and a source
electrode 23 are formed and, between a drain electrode 21
and a source electrode 23, a gate electrode 22 is provided via
a second insulating layer 3. On a gate electrode 22, a fourth
insulating layer 4 is provided. A second insulating layer 3 is
formed, for example, of SiN,, and SiO,, and a third insulat-
ing layer 4 is formed of SiO, and SiN..

[0422] On a third insulating layer 4, a fourth insulating
layer 5 is formed. A fourth insulating layer 5 is formed, for
example, of SiN,.. A color filter layer 7 is provided at a part
of a pixel region on a fourth insulating layer 5. As a color
filter layer 7, color filters of R (red), G (green) and B (blue)
are provided. On a color filter layer 7, a first flattening film
6 is provided. A throughhole part is formed in a first
flattening film 6 above a drain electrode 21, and a hole
injecting electrode 8 comprising ITO (indium-tin oxide)
formed on a first flattening film 6 is introduced into a
throughhole part. On a hole injecting electrode (anode) 8 in
a pixel region, a hole injecting layer 10 is formed. On a part
other than a pixel region, a second flattening film 9 is
formed.

[0423] On a hole injecting layer 10, a light emitting
element layer 11 laminated in accordance with the present
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invention is provided. A light emitting element layer 11 has
a structure in accordance with the present invention in which
a first light emitting unit is laminated on a second light
emitting unit via an intermediate unit. On a light emitting
element layer 11, an electron transporting layer 12 is pro-
vided and, on an electron transporting layer 12, an electron
injecting electrode (cathode) 13 is provided.

[0424] As described above, in the organic EL element in
the present Example, an organic EL element is constructed
by laminating a hole injecting electrode (anode) 8, a hole
injecting layer 10, a light emitting element layer 11 having
a structure in accordance with the present invention, an
electron transporting layer 12, and an electron injecting
electrode (cathode) 13 on a pixel region.

[0425] Inthe light emitting element layer 11 in the present
Example, since a light emitting unit in which an orange
emitting layer and a blue emitting layer are laminated is
used, white light is emitted from a light emitting element
layer 11. This white emitted light is radiated to the outside
through a substrate 1, and since a color filter layer 7 is
provided on an emitting side, a color of R, G or B is radiated
depending on a color of a color filter layer 7. In the case of
a monochromatic light emitting element, no color filter layer
may be provided.

[0426] FIG. 5 is a cross-sectional view showing an
example of a top emission-type organic EL display device in
accordance with the present invention. The organic EL
display device of the present Example is an organic EL
display device performing display by radiating light above a
substrate 1 as shown by an arrow.

[0427] A part of from a substrate 1 to an anode 3 is
manufactured approximately as in the Example shown in
FIG. 4, provided that a color filter layer 7 is provided not on
a fourth insulating layer 5, but above an organic EL element.
Specifically, the color filter layer 7 is attached by attaching
a color filter layer 7 on a transparent sealing substrate 10
comprising a glass, coating an overcoating layer 5 thereon,
and applying this on an anode 8 via a transparent adhesive
layer 14. In addition, in the present Example, positions of an
anode and a cathode are reverse relative to Example shown
in FIG. 4.

[0428] As an anode 8, a transparent electrode is formed,
for example, by laminating ITO having a film thickness of
around 100 nm and silver having a film thickness of around
20 nm. As a cathode 13, a reflection electrode is formed and,
for example, a thin film of aluminum, chromium or silver
having a film thickness of around 100 nm is formed. An
overcoating layer 15 is formed of an acryl resin at a
thickness of about 1 um. A color filter layer 7 may be of a
pigment type, or of a dye type. A thickness thereof is around
1 pm.

[0429] White light emitted from a light emitting element
layer 11 is radiated to the outside through a sealing substrate
16, and a color filter layer 7 is provided on a light emitting
side, a color of R, G or B is radiated depending on a color
of a color filter layer 7. Since the organic EL display device
of the present Example is a top emission-type, a region in
which a thin film transistor is provided, can be also used as
a pixel region, and a color filter layer 7 is provided in a wider
range than Example shown in FIG. 4. A light emitting
element layer 11 is formed of an organic EL element in
accordance with the present invention, and is a light emitting
layer having a high light emitting efficiency and, according
to the present Example, since a wider region can be used as
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a pixel region, an advantage of a light emitting element layer
having a high light emitting efficiency can be sufficiently
utilized. In addition, since formation of a light emitting
element layer having a plurality of light emitting units can
be performed without considering influence by an active
matrix, a freedom degree of design can be enhanced.

[0430] In the above Example, a glass plate is used as a
sealing substrate, but in the present invention, a sealing
substrate is not limited to a glass plate, but a film such as an
oxidized film of Si0, and a nitrided film such as SiN, may
be also used as a sealing substrate. In this case, since a
film-like sealing substrate can be formed directly on an
element, it becomes unnecessary to provide a transparent
adhesive layer.

[0431] Alternatively, even in the case of a top emission-
type display device, as a structure of an element, a hole
injecting electrode may be formed on a first flattening film
6, and a hole injecting layer 10, a second light emitting unit,
an intermediate unit, a first light emitting unit, an electron
transporting layer 12, and an electron injecting electrode 13
may be formed on the hole injecting electrode in this order
as in a bottom emission-type. In this case, a hole injecting
electrode (anode) takes a structure of a metal film having
light reflecting property, or a laminated structure of ITO and
a metal film, and an electron injecting electrode (cathode)
takes a structure of a metal film which is very thin and has
light permeability, or a laminated structure of such the metal
film and an ITO-based permeable electrically conductive
layer. Thereby, light can be taken out on a cathode side.

[0432] In the aforementioned respective Examples, an
organic EL element in which two light emitting units (first
light emitting unit and second light emitting unit) are
arranged between an anode and a cathode is exemplified, but
the number of light emitting units in the present invention is
not limited to 2, but 3 or more light emitting units may be
provided, and an intermediate unit may be provided between
respective light emitting units.

1. An organic electroluminescent element comprising a
cathode, an anode, an intermediate unit arranged between
said cathode and said anode, a first light emitting unit
arranged between said cathode and said intermediate unit,
and a second light emitting unit arranged between said
anode and said intermediate unit,

wherein an electron extracting layer for extracting an
electron from an adjacent layer adjoining a cathode side
is provided in said intermediate unit, an absolute value
of an energy level of a lowest unoccupied molecular
orbital (LUMO) of said electron extracting layer
ILUMO(A)], and an absolute value of an energy level of
a highest occupied molecular orbital (HOMO) of said
adjacent layer [HOMO(B)| are in the relationship of
[HOMO(B)|-[LUMO(A)| =1.5 ¢V,

and said intermediate unit supplies a hole generated by
extraction of an electron from said adjacent layer by
said electron extracting layer to said first light emitting
unit and, at the same time, supplies the extracted
electron to said second light emitting unit.

2. The organic electroluminescent device according to
claim 1, wherein said second light emitting unit is a light
emitting unit which emits substantially the same color as
that of said first light emitting unit.

3. The organic electroluminescent device according to
claim 1, wherein said first light emitting unit and said second
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light emitting unit have a structure in which two light
emitting layers are laminated so that they are directly
contacted.

4. The organic electroluminescent device according to
claim 1, wherein said adjacent layer is provided in said first
light emitting unit.

5. The organic electroluminescent element according to
claim 1, wherein said adjacent layer is provided in said
intermediate unit.

6. The organic electroluminescent element according to
claim 1, wherein the adjacent layer is formed of a hole
transporting material.

7. The organic electroluminescent element according to
claim 1, wherein said adjacent layer is formed of an ary-
lamine-based hole transporting material.

8. The organic electroluminescent device according to
claim 1, wherein said electron extracting layer is formed of
a pyrazine derivative represented by the following structural
formula:

(wherein Ar represents an aryl group, and R represents
hydrogen, an alkyl group having a carbon number of 1 to 10,
an alkyloxy group having a carbon number of 1 to 10, a
dialkylamine group having a carbon number of 1 to 10, F, Cl,
Br, I or CN).

9. The organic electroluminescent device according to
claim 1, wherein said electron extracting layer is formed of
a hexaazatriphenylene derivative represented by the follow-
ing structural formula:

—N

N\ /N
R>_<R

(wherein R represents hydrogen, an alkyl group having a
carbon number of 1 to 10, an alkyloxy group having a carbon
number of 1 to 10, a dialkylamine group having a carbon
number of 1 to 10, F, Cl, Br, I or CN).

10. The organic electroluminescent element according to
claim 1, wherein an electron injecting layer is provided
between said electron extracting layer and said second light
emitting unit.
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11. The organic electroluminescent element according to
claim 10, wherein said electron injecting layer is formed of
a metal lithium, and a thickness thereof is in a range of 0.3
to 0.9 nm.

12. The organic electroluminescent element according to
claim 10, wherein an electron transporting layer is provided
between said electron injecting layer and said second light
emitting unit.

13. A bottom emission-type organic electroluminescent
display device comprising; an organic electroluminescent
element 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 said organic electroluminescent ele-
ment; wherein said organic electroluminescent element is
provided on said active matrix driving substrate and, among
said cathode and said anode, an electrode provided on said
substrate side is a transparent electrode,

said organic electroluminescent display device character-
ized in that:

said organic electroluminescent element comprises said
cathode, said anode, an intermediate unit arranged
between said cathode and said anode, a first light
emitting unit arranged between said cathode and said
intermediate unit, and a second light emitting unit
arranged between said anode and said intermediate
unit,

an electron extracting layer for extracting an electron
from an adjacent layer adjoining a cathode side is
provided in said intermediate unit, an absolute value of
an energy level of a lowest unoccupied molecular
orbital (LUMO) of said electron extracting layer
ILUMO(A)|, and an absolute value of an energy level of
a highest occupied molecular orbital (HOMO) of said
adjacent layer [HOMO(B)| are in the relationship of
[HOMO(B)|-[LUMO(A)|£1.5 ¢V, and

said intermediate unit supplies a hole generated by extrac-
tion of an electron from said adjacent layer by said
electron extracting layer and, at the same time, supplies
the extracted electron to said second light emitting unit.

14. The organic electroluminescent display device
according to claim 13, wherein said organic electrolumines-
cent element is a white emitting element, and a color filter
is arranged between said organic electroluminescent element
and said substrate.

15. A top emission-type organic electroluminescent dis-
play device comprising; an organic electroluminescent ele-
ment 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 said organic electroluminescent ele-
ment; and a transparent sealing substrate provided opposite
to said active matrix driving substrate; wherein said organic
electroluminescent element is arranged between said active
matrix driving substrate and said sealing substrate and,
among said cathode and said anode, an electrode provided
on said sealing substrate side is a transparent electrode,

said organic electroluminescent display device character-
ized in that:

said organic electroluminescent element comprises said
cathode, said anode, an intermediate unit arranged

Dec. 28, 2006

between said cathode and said anode, a first light
emitting unit arranged between said cathode and said
intermediate unit, and a second light emitting unit
arranged between said anode and said intermediate
unit,

an electron extracting layer for extracting an electron
from an adjacent layer adjoining a cathode side is
provided in said intermediate unit, an absolute value of
an energy level of a lowest unoccupied molecular
orbital (LUMO) of said electron extracting layer
ILUMO(A)|, and an absolute value of an energy level of
a highest occupied molecular orbital (HOMO) of said
adjacent layer [HOMO(B)| are in the relationship of
[HOMO(B)|-[LUMO(A)|£1.5 eV, and

said intermediate unit supplies a hole generated by extrac-
tion of an electron from said adjacent layer by said
electron extracting layer and, at the same time, supplies
the extracted electron to said second light emitting unit.

16. The organic electroluminescent display device
according to claim 15, wherein said organic electrolumines-
cent element is a white emitting element, and a color filter
is arranged between said organic electroluminescent element
and said sealing substrate.

17. An organic electroluminescent element comprising a
cathode, an anode, an intermediate unit arranged between
said cathode and said anode, a first light emitting unit
arranged between said cathode and said intermediate unit,
and a second light emitting unit which is arranged between
said anode and said intermediate unit, and emits a color
substantially different from that of said first light emitting
unit,

wherein an electron extracting layer for extracting an

electron from an adjacent layer adjoining a cathode side
is provided in said intermediate unit, an absolute value
of an energy level of a lowest unoccupied molecular
orbital (LUMO) of said electron extracting layer
ILUMO(A)|, and an absolute value of an energy level of
a highest occupied molecular orbital (HOMO) of said
adjacent layer [HOMO(B)| are in the relationship of
[HOMO(B)|-[LUMO(A)|£1.5 eV, and said intermedi-
ate unit supplies a hole generated by extraction of an
electron from said adjacent layer by said electron
extracting layer to said first light emitting unit and, at
the same time, supplies the extracted electron to said
second light emitting unit.

18. The organic electroluminescent element according to
claim 17, wherein an electron injecting layer is provided
adjoining an anode side of said electron extracting layer, an
absolute value of an energy level of a lowest unoccupied
molecular orbital (LUMO) of said electron injecting layer
ILUMO(C)| or an absolute value of a work function [WF (C)|
is smaller than [LUMO(A)|, and

said intermediate unit supplies an electron extracted by
said electron extracting layer to said second light
emitting unit via said electron injecting layer.

19. The organic electroluminescent element according to
claim 16, wherein an electron transporting layer is provided
in said intermediate unit between said electron injecting
layer and said second light emitting unit, an absolute value
of an energy level of a lowest unoccupied molecular orbital
of said electron transporting layer [LUMO(D)| is smaller
than [LUMO(C)| or [WF (C)), and
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said intermediate unit supplies an electron extracted by
said electron extracting layer to said second light
emitting unit via said electron injecting layer and said
electron transporting layer.

20. The organic electroluminescent element according to
claim 17, wherein at least one of said first light emitting unit
and said second light emitting unit has a structure in which
two light emitting layers are laminated so that they are
directly contacted.

21. A bottom emission-type organic electroluminescent
display device comprising; an organic electroluminescent
element 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 said organic electroluminescent ele-
ment; wherein said organic electroluminescent element is
provided on said active matrix driving substrate and, among
said cathode and said anode, an electrode provided on said
substrate side is a transparent electrode,

characterized in that:

said organic electroluminescent element comprises said
cathode, said anode, an intermediate unit arranged
between said cathode and said anode, a first light
emitting unit arranged between said cathode and said
intermediate unit, and a second light emitting unit
which is arranged between said anode and said inter-
mediate unit, and emits a color substantially different
from that of said first light emitting unit,

an electron extracting layer for extracting an electron
from an adjacent layer adjoining a cathode side is
provided in said intermediate unit, an absolute value of
an energy level of a lowest unoccupied molecular
orbital (LUMO) of said electron extracting layer
ILUMO(A)|, and an absolute value of an energy level of
a highest occupied molecular orbital (HOMO) of said
adjacent layer [HOMO(B)| are in the relationship of
[HOMO(B)|-[LUMO(A)|£1.5 €V, and said intermedi-
ate unit supplies a hole generated by extraction of an
electron from said adjacent layer by said electron
extracting layer to said first light emitting unit and, at
the same time, supplies the extracted electron to said
second light emitting unit.

22. A top emission-type organic electroluminescent dis-
play device comprising; an organic electroluminescent ele-
ment 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 said organic electroluminescent ele-
ment; and a transparent sealing substrate provided opposite
to said active matrix driving substrate; wherein said organic
electroluminescent element is arranged between said active
matrix driving substrate and said sealing substrate and,
among said cathode and said anode, an electrode provided
on said sealing substrate side is a transparent electrode,

characterized in that:

said organic electroluminescent element comprises said
cathode, said anode, an intermediate unit arranged
between said cathode and said anode, a first light
emitting unit arranged between said cathode and said
intermediate unit, and a second light emitting unit
which is arranged between said anode and said inter-
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mediate unit, and emits a color substantially different
from that of said first light emitting unit,

an electron extracting layer for extracting an electron
from an adjacent layer adjoining a cathode side is
provided in said intermediate unit, an absolute value of
an energy level of a lowest unoccupied molecular
orbital (LUMO) of said electron extracting layer
ILUMO(A)|, and an absolute value of an energy level of
a highest occupied molecular orbital (HOMO) of said
adjacent layer [HOMO(B)| are in the relationship of
[HOMO(B)|-[LUMO(A)|£1.5 €V, and said intermedi-
ate unit supplies a hole generated by extraction of an
electron from said adjacent layer by said electron
extracting layer to said first light emitting unit and, at
the same time, supplies the extracted electron to said
second light emitting unit.

23. An organic electroluminescent element comprising a
cathode, an anode, an intermediate unit arranged between
said cathode and said anode, a first light emitting unit
arranged between said cathode and said intermediate unit,
and a second light emitting unit arranged between said
anode and said intermediate unit,

wherein an electron extracting layer for extracting an
electron from an adjacent layer adjoining a cathode side
is provided in said intermediate unit, an absolute value
of an energy level of a lowest unoccupied molecular
orbital (LUMO) of said electron extracting layer
ILUMO(A)|, and an absolute value of an energy level of
a highest occupied molecular orbital (HOMO) of said
adjacent layer [HOMO(B)| are in the relationship of
[HOMO(B)|-[LUMO(A)|£1.5 &V,

a light emitting layer situated on an intermediate unit side
of said first light emitting unit contains an arylamine-
based hole transporting material, said light emitting
layer is provided adjoining said electron extracting
layer so as to function as said adjacent layer, and

said intermediate unit supplies a hole generated by extrac-
tion of an electron from said light emitting layer by said
electron extracting layer to said first light emitting unit
and, at the same time, supplies the extracted electron to
said second light emitting unit.

24. The organic electroluminescent element according to
claim 23, wherein said electron extracting layer is formed of
a pyrazine derivative represented by the following structural
formula:

N\ / N
R>_<R

(wherein Ar represents an aryl group, and R represents
hydrogen, an alkyl group having a carbon number of 1 to 10,
an alkyloxy group having a carbon number of 1 to 10, a
dialkylamine group having a carbon number of 1 to 10, F, Cl,
Br, I or CN).
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25. The organic electroluminescent element according to
claim 23, wherein said electron extracting layer is formed of
a hexaazatriphenylene derivative represented by the follow-
ing structural formula:

—N

(wherein R represents hydrogen, an alkyl group having a
carbon number of 1 to 10, an alkyloxy group having a carbon
number of 1 to 10 having a carbon number of 1 to 10, a
dialkylamine group having a carbon number of 1 to 10, F, Cl,
Br, I or CN).

26. A bottom emission-type organic electroluminescent
display device comprising; an organic electroluminescent
element 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 said organic electroluminescent ele-
ment; wherein said organic electroluminescent element is
provided on said active matrix driving substrate and, among
said cathode and said anode, an electrode provided on said
substrate side is a transparent electrode,

characterized in that:

said organic electroluminescent element comprises said
cathode, said anode, an intermediate unit arranged
between said cathode and said anode, a first light
emitting unit arranged between said cathode and said
intermediate unit, and a second light emitting unit
arranged between said anode and said intermediate
unit,

an electron extracting layer for extracting an electron
from an adjacent layer adjoining a cathode side is
provided in said intermediate unit, an absolute value of
an energy level of a lowest unoccupied molecular
orbital (LUMO) of said electron extracting layer
ILUMO(A)|, and an absolute value of an energy level of
a highest occupied molecular orbital (HOMO) of said
adjacent layer [HOMO(B)| are in the relationship of
[HOMO(B)|-[LUMO(A)| £1.5 eV,

a light emitting layer situated on an intermediate unit side
of said first light emitting unit contains an arylamine-
based hole transporting material, said light emitting
layer is provided adjoining said electron extracting
layer so as to function as said adjacent layer, and

said intermediate unit supplies a hole generated by extrac-
tion of an electron from said light emitting layer by said
electron extracting layer to said first light emitting unit
and, at the same time, supplies the extracted electron to

said second light emitting unit.
27. A top emission-type organic electroluminescent dis-
play device comprising; an organic electroluminescent ele-

Dec. 28, 2006

ment 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 said organic electroluminescent ele-
ment; and a transparent sealing substrate provided opposite
to said active matrix driving substrate; wherein said organic
electroluminescent element is arranged between said active
matrix driving substrate and said sealing substrate and,
among said cathode and said anode, an electrode provided
on said sealing substrate side is a transparent electrode,

characterized in that:

said organic electroluminescent element comprises said
cathode, said anode, an intermediate unit arranged
between said cathode and said anode, a first light
emitting unit arranged between said cathode and said
intermediate unit, and a second light emitting unit
arranged between said anode and said intermediate
unit,

an electron extracting layer for extracting an electron
from an adjacent layer adjoining a cathode side is
provided in said intermediate unit, an absolute value of
an energy level of a lowest unoccupied molecular
orbital (LUMO) of said electron extracting layer
ILUMO(A)|, and an absolute value of an energy level of
a highest occupied molecular orbital (HOMO) of said
adjacent layer [HOMO(B)| are in the relationship of
[HOMO(B)|-[LUMO(A)|£1.5 eV, a light emitting
layer situated on an intermediate unit side of said first
light emitting unit contains an arylamine-based hole
transporting material, said light emitting layer is pro-
vided adjoining said electron extracting layer so as to
function as said adjacent layer, and

said intermediate unit supplies a hole generated by extrac-
tion of an electron from said light emitting layer by said
electron extracting layer to said first light emitting unit
and, at the same time, supplies the extracted electron to
said second light emitting unit.

28. An organic electroluminescent element comprising a
cathode, an anode, an intermediate unit arranged between
said cathode and said anode, a first light emitting unit
arranged between said cathode and said intermediate unit,
and a second light emitting unit arranged between said
cathode and said intermediate unit,

an electron extracting layer for extracting an electron
from an adjacent layer adjoining a cathode side, and an
electron injecting layer adjoining an anode side of said
electron extracting layer are provided in said interme-
diate unit, an absolute level of an energy level of a
lowest unoccupied orbital (LUMO) of said electron
extracting layer [LUMO(A)|, and an absolute value of
an energy level of a highest occupied molecular orbital
(HOMO) of said adjacent layer HOMO(B) are in the
relationship of |[HOMO(B)-[LUMO(A)|£1.5 eV, an
absolute value of an energy level of a lowest unoccu-
pied molecular orbital (LUMO) of said electron inject-
ing layer [LUMO(C)| or an absolute value of a work
function [WF(C)| is smaller than |LUMO(A)|, and said
intermediate unit supplies a hole generated by extrac-
tion of an electron from said adjacent layer by said
electron extracting layer to said first light emitting unit
and, at the same time, supplies the extracted electron to
said second light emitting unit via said electron inject-
ing layer.
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29. The organic electroluminescent element according to
claim 28, wherein an electron transporting layer is provided
in said intermediate unit between said electron injecting
layer in said intermediate unit, and said second light emitting
unit, an absolute value of an energy level of a lowest
unoccupied molecular orbital of said electron transporting
layer [LUMO(D)| is smaller than [LUMO(C)| or an absolute
value of a work function [WF(C)|, and said intermediate unit
supplies an electron extracted by said electron extracting
layer to said second light emitting unit via said electron
injecting layer and said electron transporting layer.

30. The organic electroluminescent element according to
claim 28, wherein a thickness of said electron extracting
layer is in a range of 8 to 100 nm.

31. The organic electroluminescent element, wherein said
electron extracting layer is formed of a pyrazine derivative
represented by the following structural formula:

N>\_/<N

R R

(wherein Ar represents an aryl group, and R represents
hydrogen, an alkyl group having a carbon number of 1 to 10,
an alkyloxy group having a carbon number of 1 to 10 having
a carbon number of 1 to 10, a dialkylamine group having a
carbon number of 1 to 10, F, Cl, Br, I or CN).

32. The organic electroluminescent element according to
claim 28, wherein said electron extracting layer is formed of
a hexaazatriphenylene derivative represented by the follow-
ing structural formula:

—N

(wherein R represents hydrogen, an alkyl group having a
carbon number of 1 to 10, an alkyloxy group having a carbon
number of 1 to 10 having a carbon number of 1 to 10, a
dialkylamine group having a carbon number of 1 to 10, F, Cl,
Br, T or CN).

33. An organic electroluminescent element comprising a
cathode, an anode, an intermediate unit arranged between
said cathode and said anode, a first light emitting unit
arranged between said cathode and said intermediate unit, a
second light emitting unit arranged between said anode and
said intermediate unit, and a hole injecting unit arranged
between said anode and said second light emitting unit,
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wherein an electron extracting layer for extracting an
electron from an adjacent layer adjoining a cathode side
is provided in said intermediate unit, an absolute value
of an energy level of a lowest unoccupied molecular
orbital (LUMO) of said electron extracting layer
ILUMO(A)|, and an absolute value of an energy level of
a highest occupied molecular orbital (HOMO) of said
adjacent layer [HOMO(B)| are in the relationship of
|[HOMO(B)|-[LUMO(A)|£1.5 eV, and said intermedi-
ate unit supplies a hole generated by extraction of an
electron from said adjacent layer by said electron
extracting layer to said first light emitting unit and, at
the same time, supplies the extracted electron to said
second light emitting unit,

characterized in that:

said hole injecting unit is constructed of a hole injecting
layer comprising an arylamine-based hole transporting
material, and a hole injection promoting layer arranged
between said hole injecting layer and said anode, and
an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of said hole injec-
tion promoting layer [HOMO(X)| has a relationship of
|[WF (Y)|<[HOMO(X)|<[HOMO(Z)| relative to an abso-
lute value of a work function of said anode [WF (Y)|
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of said hole
injecting layer [HOMO(Z).

34. The organic electroluminescent element according to
claim 33, wherein an electron injecting layer is provided
adjoining an anode side of said electron extracting layer, an
absolute value of an energy level of a lowest unoccupied
molecular orbital (LUMO) of said electron injecting layer
ILUMO(C)| or an absolute value of a work function |WF(C)|
is smaller than [LUMO(A)|, and

said intermediate unit supplies an electron extracted by
said electron extracting layer to said second light
emitting unit via said electron injecting layer.

35. The organic electroluminescent element according to
claim 34, wherein an electron transporting layer is provided
in said intermediate unit between said electron injecting
layer and said second light emitting unit, an absolute value
of an energy level of a lowest unoccupied molecular orbital
of said electron transporting layer |[LUMO(D)| is smaller
than [LUMO(C)| or |WF (C)|, and said intermediate unit
supplies an electron extracted by said electron extracting
layer to said second light emitting unit via said electron
injecting layer and said electron transporting layer.

36. A bottom emission-type organic electroluminescent
display device comprising; an organic electroluminescent
element 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 said organic electroluminescent ele-
ment; wherein said organic electroluminescent element is
provided on said active matrix driving substrate and, among
said cathode and said anode, an electrode provided on said
substrate side is a transparent electrode,

characterized in that:

said organic electroluminescent element comprises said
cathode, said anode, an intermediate unit arranged
between said cathode and said anode, a first light
emitting unit arranged between said cathode and said
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intermediate unit, a second light emitting unit arranged
between said anode and said intermediate unit, and a
hole injecting unit arranged between said anode and
said second light emitting unit, an electron extracting
layer for extracting an electron from an adjacent layer
adjoining a cathode side is provided in said interme-
diate unit, an absolute value of an energy level of a
lowest unoccupied molecular orbital (LUMO) of said
electron extracting layer [LUMO(A), and an absolute
value of an energy level of a highest occupied molecu-
lar orbital (HOMO) of said adjacent layer [ HOMO(B))|
are in the relationship of HOMO(B)|-|LUMO(A)| £1.5
eV, and said intermediate unit supplies a hole generated
by extraction of an electron from said adjacent layer by
an electron extracting layer to said first light emitting
unit and, at the same time, supplies the extracted
electron to said second light emitting unit,

wherein said hole injecting unit is constructed of a hole
injecting layer comprising an arylamine-based hole
transporting material, and a hole injection promoting
layer arranged between said hole injecting layer and
said anode, and an absolute value of an energy level of
a highest occupied molecular orbital (HOMO) of said
hole injection promoting layer [HOMO(X)| has a rela-
tionship of [WE(Y)|<|HO MO(X)|<[HOMO(Z)| relative
to an absolute value of a work function of said anode
|WF (Y)| and an absolute value of an energy level of a
highest occupied molecular orbital (HOMO) of said
hole injecting layer [HOMO(Z))|.

37. A top emission-type organic electroluminescent dis-
play device comprising; an organic electroluminescent ele-
ment 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 said organic electroluminescent ele-
ment; and a transparent sealing substrate provided opposite
to said active matrix driving substrate; wherein said organic
electroluminescent element is arranged between said active
matrix driving substrate and said sealing substrate and,
among said cathode and said anode, an electrode provided
on said sealing substrate side is a transparent electrode,

characterized in that:

said organic electroluminescent element comprises said
cathode, said anode, an intermediate unit arranged
between said cathode and said anode, a first light
emitting unit arranged between said cathode and said
intermediate unit, a second light emitting unit arranged
between said anode and said intermediate unit, and a
hole injecting unit arranged between said anode and
said second light emitting unit, an electron extracting
layer for extracting an electron from an adjacent layer
adjoining a cathode side is provided in said interme-
diate unit, an absolute value of an energy level of a
lowest unoccupied molecular orbital (LUMO) of said
electron extracting layer [LUMO(A), and an absolute
value of an energy level of a highest occupied molecu-
lar orbital (HOMO) of said adjacent layer [ HOMO(B)|
are in the relationship of HOMO(B)|-|LUMO(A) £1.5
eV, and said intermediate unit supplies a hole generated
by extraction of an electron from said adjacent layer by
an electron extracting layer to said first light emitting
unit and, at the same time, supplies the extracted
electron to said second light emitting unit,
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wherein said hole injecting unit is constructed of a hole
injecting layer comprising an arylamine-based hole
transporting material, and a hole injection promoting
layer arranged between said hole injecting layer and
said anode, and an absolute value of an energy level of
a highest occupied molecular orbital (HOMO) of said
hole injection promoting layer [HOMO(X)| has a rela-
tionship of [WE(Y)|<|JHO MO(X)|<|[HOMO(Z)| relative
to an absolute value of a work function of said anode
|[WF (Y)| and an absolute value of an energy level of a
highest occupied molecular orbital (HOMO) of said
hole injecting layer [HOMO(Z)|.

38. An organic electroluminescent element comprising a
cathode, an anode, a light emitting unit arranged between
said cathode and said anode, and a hole injecting unit
arranged between said anode and said light emitting unit,
characterized in that said hole injecting unit has a first
electron extracting layer provided on said anode side, and a
first adjacent layer comprising a hole transporting material
provided adjoining said first electron extracting layer on said
cathode side.

39. The organic electroluminescent element according to
claim 38, wherein an absolute value of an energy level of a
lowest unoccupied molecular orbital (LUMO) of said first
electron extracting layer LUMO(A, )|, and an absolute value
of an energy level of a highest unoccupied molecular orbital
(HOMO) of said first adjacent layer HOMO(B, )| are in the
relationship of [HOMO(B,)|- LUMO(A, )| £1.5 eV.

40. The organic electroluminescent element according to
claim 38, wherein said light emitting unit has a first light
emitting unit provided on a cathode side holding an inter-
mediate unit, and a second light emitting unit provided on an
anode side,

a second electron extracting layer for extracting an elec-
tron from a second adjacent layer adjoining a cathode
side is provided in said intermediate unit, an absolute
value of an energy level of a lowest unoccupied
molecular orbital (LUMO) of said second electron
extracting layer [LUMO(A,)|, and an absolute value of
an energy level of a highest occupied molecular orbital
(HOMO) of said second adjacent layer [HOMO(B,)
are in the relationship of |[HOMO(B,)-LU-
MO(A,)|=1.5 eV, and

said intermediate unit supplies a hole generated by extrac-
tion of an electron from said second adjacent layer by
said second electron extracting layer to said first light
emitting unit and, at the same time, supplies the
extracted electron to said second light emitting unit.
41. The organic electroluminescent element according to
claim 40, wherein an electron injecting layer is provided
adjoining an anode side of said second electron extracting
layer, an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) of said second elec-
tron injecting layer [LUMO(C)| or an absolute value of a
work function |[WF (C)| is smaller than [LUMO(A,)|, and

said intermediate unit supplies an electron extracted by
said second electron extracting layer to said second
light emitting unit via said electron injecting layer.
42. The organic electroluminescent value according to
claim 41, wherein an electron transporting layer is provided
in said intermediate unit between said electron injecting
layer and said second light emitting unit, an absolute value
of an energy level of a lowest unoccupied molecular orbital
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of said electron transporting layer [LUMO (D)| is smaller
than [LUMO(C)| or [WF (C)|, and

said intermediate unit supplies an electron extracted by
said second electron extracting layer to said second
light emitting unit via said electron injecting layer and
said electron transporting layer.

43. The organic electroluminescent element according to
claim 38, wherein said first electron extracting layer and/or
said second electron extracting layer is formed of a pyrazine
derivative represented by the following structural formula:

N \ / N
R>_<R

(wherein Ar represents an aryl group, and R represents
hydrogen, an alkyl group having a carbon number of 1 to 10,
an alkyloxy group having a carbon number of 1 to 10 having
a carbon number of 1 to 10, a dialkylamine group having a
carbon number of 1 to 10, F, Cl, Br, I or CN).

44. The organic electroluminescent element according to
claim 38, wherein said first electron extracting layer and/or
said second electron extracting layer is formed of a hexaaza-
triphenylene derivative represented by the following struc-
tural formula:

—N N—

N\ / N
R>_<R

(wherein R represents hydrogen, an alkyl group having a
carbon number of 1 to 10, an alkyloxy group having a carbon
number of 1 to 10 having a carbon number of 1 to 10, a
dialkylamine group having a carbon number of 1 to 10, F, Cl,
Br, I or CN).

45. An organic electroluminescent element comprising a
cathode, an anode, a plurality of light emitting units
arranged between said cathode and said anode, and an
intermediate unit arranged between said light emitting units,

wherein said intermediate unit has an electron transport-
ing layer provided on an anode side, and an electron
extracting layer provided on a cathode side, said elec-
tron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of said
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital
(LUMO) of said electron extracting layer [LUMO(A)|,
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and an absolute value of an energy level of a highest
unoccupied molecular orbital (HOMO) of said adjacent
layer |[HOMOB)| are in the relationship of
[HOMO(B)|-[LUMO(A)|=1.5 eV, and said intermedi-
ate unit supplies a hole generated by extraction of an
electron from said adjacent layer by said electron
extracting layer and, at the same time, supplies the
extracted electron to a light emitting unit on an anode
side via said electron transporting layer,

characterized in that:

an electron transporting layer is provided also between
said cathode, and said light emitting unit closest to said
cathode, and film thicknesses of respective electron
transporting layers are set to be greater as they become
more distant from said cathode, and are set to be not
greater than 40 nm.

46. The organic electroluminescent element according to
claim 45, wherein a hole injecting layer is provided between
said anode, and said light emitting unit closest to said anode,
and film thicknesses of said hole injecting layer and respec-
tive electron extracting layers are set to be greater as they
become more distant from said anode, and are set to be not
greater than 100 nm.

47. An organic electroluminescent element comprising a
cathode, an anode, a plurality of light emitting units
arranged between said cathode and said anode, and an
intermediate unit arranged between said light emitting units,

wherein said intermediate unit has an electron transport-
ing layer provided on an anode side, and an electron
extracting layer provided on a cathode side, said elec-
tron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of said
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital
(LUMO) of said electron extracting layer [LUMO(A)),
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of said adjacent
layer |[HOMO(B) are in the relationship of
[HOMO(B)|-[LUMO(A)|£1.5 €V, and said intermedi-
ate unit supplies a hole generated by extraction of an
electron from said adjacent layer by said electron
extracting layer and, at the same time, supplies the
extracted electron to a light emitting unit on an anode
side via an electron transporting layer,

characterized in that:

a hole injecting layer is provided between said anode, and
said light emitting unit closest to said anode, and film
thicknesses of said hole injecting layer and respective
electron extracting layers are set to be greater as they
become more distant from said anode, and are set to be
not greater than 100 nm.

48. The organic electroluminescent element according to
claim 45, wherein an electron injecting layer is provided
adjoining an anode side of said electron extracting layer, an
absolute value of an energy level of a lowest unoccupied
molecular orbital (LUMO) of said electron injecting layer
ILUMO(C)| or an absolute value of a work function [WF (C)|
is smaller than [LUMO(A)|, and an absolute value of an
energy level of a lowest unoccupied molecular orbital of said
electron transporting layer [LUMO(D)| is smaller than
ILUMO(C)| or WE(C)|, and
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said intermediate unit supplies an electron extracted by
said electron extracting layer to said light emitting unit
via said electron injecting layer and said electron
transporting layer.

49. A bottom emission-type organic electroluminescent
display device comprising; an organic electroluminescent
element 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 said organic electroluminescent ele-
ment; wherein said organic electroluminescent element is
provided on said active matrix driving substrate and, among
said cathode and said anode, an electrode provided on said
substrate side is a transparent electrode,

characterized in that:

said organic electroluminescent element comprises said
cathode, said anode, a plurality of light emitting units
arranged between said cathode and said anode, and an
intermediate unit arranged between said light emitting
units,

wherein said intermediate unit has an electron transport-
ing layer provided on an anode side, and an electron
extracting layer provided on a cathode side, said elec-
tron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of said
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital
(LUMO) of said electron extracting layer [LUMO(A)|,
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of said adjacent
layer |[HOMO@B)| are in the relationship of
[HOMO(B)|-[LUMO(A)|=1.5 eV, said intermediate
unit supplies a hole generated by extraction of an
electron from said adjacent layer by said electron
extracting layer to a light emitting unit on a cathode
side and, at the same time, supplies the extracted
electron to a light emitting unit on an anode side via
said electron transporting layer, a hole injecting layer is
provided between said anode, and said light emitting
unit closest to said anode, and film thicknesses of said
hole injecting layer and respective electron extracting
layers are set to be greater as they become more distant
from said anode, and are set to be not greater than 100
nm.

50. A top emission-type organic electroluminescent dis-
play device comprising; an organic electroluminescent ele-
ment 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 said organic electroluminescent ele-
ment; and a transparent sealing substrate provided opposite
to said active matrix driving substrate; wherein said organic
electroluminescent element is arranged between said active
matrix driving substrate and said sealing substrate and,
among said cathode and said anode, an electrode provided
on said sealing substrate side is a transparent electrode,

characterized in that:

said organic electroluminescent element comprises said
cathode, said anode, a plurality of light emitting units
arranged between said cathode and said anode, and an
intermediate unit arranged between said light emitting
units,

wherein said intermediate unit has an electron transport-
ing layer provided on an anode side, and an electron

Dec. 28, 2006

extracting layer provided on a cathode side, said elec-
tron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of said
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital
(LUMO) of said electron extracting layer [LUMO(A)),
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of said adjacent
layer [HOMO(B)| are in the relationship of [HOMO
(B)[-|[LUMO (A)|£1.5 &V, said intermediate unit sup-
plies a hole generated by extraction of an electron from
said adjacent layer by said electron extracting layer to
a light emitting unit on a cathode side and, at the same
time, supplies the extracted electron to a light emitting
unit on an anode side via said electron transporting
layer, a hole injecting layer is provided between said
anode, and said light emitting unit closest to said anode,
and film thicknesses of said hole injecting layer and
respective electron extracting layers are set to be
greater as they become more distant from said anode,
and are set to be not greater than 100 nm.

51. An organic electroluminescent element comprising a
cathode, an anode, a plurality of light emitting units
arranged between said anode and said cathode, and an
intermediate unit arranged between said light emitting units,

wherein said intermediate unit has an electron transport-
ing layer provided on an anode side, and an electron
extracting layer provided on a cathode side, said elec-
tron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of said
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital
(LUMO) of said electron extracting layer [LUMO(A)),
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of said adjacent
layer |[HOMO(B) are in the relationship of
|[HOMO(B)|-[LUMO(A)|=2.0 eV, and said intermedi-
ate unit supplies a hole generated by extraction of an
electron from said adjacent layer by said electron
extracting layer to a light emitting unit on a cathode
side and, at the same time, supplies the extracted
electron to a light emitting unit on an anode side via
said electron transporting layer,

characterized in that:

an electron extraction promoting material having an abso-
lute value of an energy level of a lowest unoccupied
molecular orbital (LUMO) [LUMO(C)| in a relation-
ship of [HOMO(B)|>LUMO(C)|>|LUMO(A)| is doped
into said electron extracting layer.

52. An organic electroluminescent element comprising a
cathode, an anode, a plurality of light emitting units
arranged between said cathode and said anode, and an
intermediate unit arranged between said light emitting units,

wherein said intermediate unit has an electron transport-
ing layer provided on an anode side, and an electron
extracting layer provided on a cathode side, said elec-
tron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of said
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital
(LUMO) of said electron extracting layer [LUMO(A)|,
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of said adjacent
layer |[HOMO(B) are in the relationship of
[HOMO(B)|-[LUMO(A)| £2.0 ¢V, and said intermedi-
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ate unit supplies a hole generated by extraction of an
electron from said adjacent layer by said electron
extracting layer to a light emitting unit on a cathode
side and, at the same time, supplies the extracted
electron to a light emitting unit on an anode side via
said electron transporting layer,

characterized in that an electron extraction promoting
layer comprising an electron extraction promoting
material having an absolute value of an energy level of
a lowest unoccupied molecular orbital (LUMO)
ILUMO(C)| in the relationship of
|[HOMO(B)|>[LUMO(C)|>|LUMO(A)| is provided
between said electron extracting layer and said adjacent
layer.

53. An organic electroluminescent element comprising a

cathode, an anode, a plurality of light emitting units

arranged between said cathode and said anode, and an

intermediate unit arranged between said light emitting units,

wherein said intermediate unit has an electron transport-
ing layer provided on an anode side, and an electron
extracting layer provided on a cathode side, said elec-
tron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of said
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital
(LUMO) of said electron extracting layer [LUMO(A)|,
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of said adjacent
layer |[HOMOB)| are in the relationship of
[HOMO(B)|-[LUMO(A)|=2.0 eV, and said intermedi-
ate unit supplies a hole generated by extraction of an
electron from said adjacent layer by said electron
extracting layer to a light emitting unit on a cathode
side and, at the same time, supplies the extracted
electron to a light emitting unit on an anode side via
said electron transporting layer,

characterized in that:

an electron injecting organic material having an absolute
value of an energy level of a lowest unoccupied
molecular orbital (LUMO) [LUMO(D)| in a relation of
ILUMO(A)[>ILUMO (D)]>LUMO(E)| relative to an
absolute value of an energy level of a lowest unoccu-
pied molecular orbital (LUMO) of said electron trans-
porting layer [LUMO(E)| and LUMO(A)| is doped into
said electron transporting layer and/or said electron
extracting layer.

54. An organic electroluminescent element comprising a

51
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extracting layer to a light emitting unit on a cathode
side and, at the same time, supplies the extracted
electron to a light emitting unit on an anode side via
said electron transporting layer,

characterized in that:

an electron injecting organic material layer comprising an
electron injecting organic material having an absolute
value of an energy level of a lowest unoccupied
molecular orbital (LUMO) [LUMO(D)| in relation of
ILUMO(A)|> LUMOD)]>[LUMO(E)| relative to an
absolute value of an energy level of a lowest unoccu-
pied molecular orbital (LUMO) of said electron trans-
porting layer [LUMO(E)| and [LUMO(A)] is provided
between said electron extracting layer and said electron
transporting layer.

55. The organic electroluminescent element according to
claim 89, wherein an electron injecting layer comprising at
least one kind selected from an alkali metal, an alkaline earth
metal, and an oxide thereof is provided between said elec-
tron extracting layer and said electron transporting layer.

56. The organic electroluminescent element according to
claim 54, wherein an electron injecting layer comprising at
least one kind selected from an alkali metal, an alkaline earth
metal, and an oxide thereof is provided between said elec-
tron extracting layer and said electron injecting organic
material layer.

57. An organic electroluminescent element comprising a
cathode, an anode, a plurality of light emitting units
arranged between said cathode and said anode, and an
intermediate unit arranged between said light emitting units,

wherein said intermediate unit has an electron transport-
ing layer provided on an anode side, and an electron
extracting layer provided on a cathode side, said elec-
tron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of said
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital
(LUMO) of said electron extracting layer [LUMO(A)),
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of said adjacent
layer |[HOMO(B) are in the relationship of
|[HOMO(B)|-[LUMO(A)|=2.0 eV, and said intermedi-
ate unit supplies a hole generated by extraction of an
electron from said adjacent layer by said electron
extracting layer to a light emitting unit on a cathode
side and, at the same time, supplies the extracted
electron to a light emitting unit on an anode side via

cathode, an anode, a plurality of light emitting units said electron transporting layer,
arranged between said cathode and said anode, and an S .
. . . .o - . characterized in that:

intermediate unit arranged between said light emitting units,

an electron injecting layer comprising at least one kind

wherein said intermediate unit has an electron transport- selected from an alkali metal, an alkaline earth metal,

ing layer provided on an anode side, and an electron
extracting layer provided on a cathode side, said elec-
tron extracting layer is a layer for extracting an electron
from an adjacent layer adjoining a cathode side of said
electron extracting layer, an absolute value of an energy
level of a lowest unoccupied molecular orbital
(LUMO) of said electron extracting layer [LUMO(A)|,
and an absolute value of an energy level of a highest
occupied molecular orbital (HOMO) of said adjacent
layer |[HOMO(B)| are in the relationship of
[HOMO(B)|-|[LUMO(A)|£2.0 eV, and said intermedi-
ate unit supplies a hole generated by extraction of an
electron from said adjacent layer by said electron

and an oxide thereof is provided between said electron
extracting layer and said electron transporting layer,
and

an electron injecting organic material having an absolute
value of an energy level of a lowest unoccupied
molecular orbital (LUMO) [LUMO(D)| in a relation-
ship of [LUMO (A)|>[LUMO(D)|>|LUMO (E)| relative
to an absolute value of an energy level of a lowest
unoccupied molecular orbital (LUMO) of said electron
transporting layer [LUMO(E)| and [LUMO(A)|, or a
material for said electron extracting layer is doped into
said electron injecting layer.
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58. The organic electroluminescent element according to
claim 51, wherein said electron extracting layer is formed of
a pyrazine derivative represented by the following structural
formula:

N \ / N
R>_<R

(wherein Ar represents an aryl group, and R represents
hydrogen, an alkyl group having a carbon number of 1 to 10,
an alkyloxy group having a carbon number of 1 to 10 having
a carbon number of 1 to 10, a dialkylamine group having a
carbon number of 1 to 10, F, Cl, Br, I or CN).

59. The organic electroluminescent element according to
claim 51, wherein said electron extracting layer is formed of
a hexaazatriphenylene derivative represented by the follow-
ing structural formula:

R R
—N

N \ / N
R>_<R
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(wherein R represents hydrogen, an alkyl group having a
carbon number of 1 to 10, an alkyloxy group having a carbon
number of 1 to 10 having a carbon number of 1 to 10, a
dialkylamine group having a carbon number of 1 to 10, F, Cl,
Br, T or CN).

60. A bottom emission-type organic electroluminescent
display device comprising; an organic electroluminescent
element 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 said organic electroluminescent ele-
ment; wherein said organic electroluminescent element is
provided on said active matrix driving substrate and, among
said cathode and said anode, an electrode provided on said
substrate side is a transparent electrode,

characterized in that said organic electroluminescent ele-
ment is the organic electroluminescent element as
defined in claim 51.

61. A top emission-type organic electroluminescent dis-
play device comprising; an organic electroluminescent ele-
ment 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 said organic electroluminescent ele-
ment; and a transparent sealing substrate provided opposite
to said active matrix driving substrate; wherein said organic
electroluminescent element is arranged between said active
matrix driving substrate and said sealing substrate and,
among said cathode and said anode, an electrode provided
on said sealing substrate side is a transparent electrode,

characterized in that said organic electroluminescent ele-
ment is the organic electroluminescent element as
defined in claim 51.
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