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Description

TECHNICAL FIELD

[0001] The present invention generally relates to a
photoelectron device and a flat panel display using a pho-
toelectron device, and more particularly to an organic
electroluminescence device and an organic electrolumi-
nescence display.

BACKGROUND ART

[0002] In recent years, demands of the market are
shifting from a conventional large size and heavyweight
CRT (Braun tube) display to a thin-size and light-weight
flat display. As for the flat displays, there are liquid crystal
displays and plasma displays which are employed, for
example, as home television receivers and monitors of
personal computers.
[0003] Currently, an electroluminescence display
(hereinafter referred to as "EL display") and more partic-
ularly, an organic electroluminescence display is drawing
attention as the next generation flat display. Ever since
the report on a multilayered type element being layered
with organic thin films having a hole transport property
and an electron transport property (C.W.Tang and
S.A.Van Slyke, Applied Physics Letters vol.51, 913
(1987), organic EL devices included in the organic EL
display are gathering attention as a large area light emit-
ting element that illuminates with a low voltage of 10 V
or less, and are being researched extensively. Compared
to the liquid crystal display, the organic EL display re-
quires no backlight since the organic EL display is self-
luminous, thereby yielding a thinner, simple-structured,
and flexible display. Therefore, the organic EL display is
expected to be widely applied in various fields. In em-
ploying the organic EL display for practical use, however,
a task of obtaining a longer life-span for the organic EL
display is yet to be achieved.
[0004] Fig.1 is a cross-sectional drawing showing a
conventional organic EL device. As shown in Fig.1, an
organic EL device 10 has a transparent anode 12, a hole
injection layer 13, a hole transport layer 14, a luminescent
layer 15, an electron transport layer 16, and a cathode
18 which are formed in this order on a transparent insu-
lating substrate 11. In the organic EL device 10, holes
are injected from the transparent anode 12 to the hole
injection layer 13, while electrons are injected from the
cathode 18. The holes and electrons are recombined in
the luminescent layer 15, to thereby release energy. This
energy excites, for example, an organic fluorescent part
in the luminescent layer 15, thereby causing illumination.
Luminance is determined by the amount of recombina-
tion of the recombining holes and electrons with respect
to time. Since luminous efficiency is expressed by lumi-
nance with respect to current consumption, the luminous
efficiency becomes higher when the amount of electrons
and holes contributing to illumination is more balanced.

[0005] In the organic EL device 10, the transparent an-
ode 12 is formed of ITO (Indium Tin Oxide). By oxidizing
the surface of the ITO with, for example, UV ozone or
oxygen plasma, the work function can be consistent with
the ionization potential of the hole injection layer. This
reduces the hole injection barrier between the transpar-
ent anode 12 to the hole injection layer 13 and increases
the amount of hole current.
[0006] Meanwhile, metals, such as Li, Mg, or alloys
such as Al-Li, Mg-Ag, which have a low electron injection
barrier work function with respect to the electron transport
layer 16, are used in the cathode 18. In recent years, it
is found that use of a metal fluoride (e.g. LiF/Al) for the
electron injection layer, even in a case of employing a
simple A1 as the cathode 18, yields an electron injection
performance that is equal to a device using low work
function simple metals, such as Li, Mg or alloys thereof,
and that device properties, such as luminous efficiency,
are the same as or greater than using metals with low
work function (L.S.Hung, C.W.Tang Tang, and M.G.Ma-
son, Applied Physics Letters vol.70(2), 152 (1997).
[0007] Nevertheless, when a low work function simple
metal, alloys or LiF, for example, is used in the cathode
18, the amount of electron current reaching the lumines-
cent layer 15 becomes less than the amount of hole cur-
rent, thereby causing unevenness in the amount of cur-
rent between the electrons and the holes. This causes
the current of the holes not contributing to illumination to
become wasted and prevents a sufficient luminous effi-
ciency from being obtained.
[0008] Furthermore, in a case where luminous efficien-
cy is low, the amount of voltage is to be increased for
obtaining a sufficient luminance and supplying a greater
amount of current. However, an excess application of
voltage is liable to cause a chemical reaction at interfaces
between the anode 12 and the hole injection layer 13 and
between the cathode 18 and the electron transport layer
16. This leads to property change and function deterio-
ration in the hole injection layer 13 and the electron trans-
port layer 16, and furthermore, device failure. Therefore,
there is a problem in obtaining sufficient life-span for the
device.
[0009] Furthermore, Japanese Laid-Open Patent Ap-
plication No.2002-43063 discloses a multilayer electron
transport area provided for improving carrier injection to
a luminescent layer and reducing operating voltage.
However, this document does not disclose a specific con-
figuration of the structure of the multilayer electron trans-
port area.

(Patent Document 1) Japanese Laid-Open Patent
Application No.2002-43063
(Patent Document 2) Japanese Laid-Open Patent
Application No.2001-357975

[0010] Fujita et al., Japanese Journal of Applied Phys-
ics, 39, (2000), 5301-5309, discloses an organic electro-
luminescent device comprising a hole transporting layer
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and 10 alternated layers of Alq3 and of PBD.

DISCLOSURE OF INVENTION

[0011] Accordingly, it is an object of the present inven-
tion to provide a novel and useful organic electrolumi-
nescence device and an organic electroluminescence
display that obviate the above-described problems.
[0012] A more specific object of the present invention
is to provide an organic electroluminescence device that
has excellent luminous efficiency and that is able attain
a long life-span.
[0013] This object is achieved by the organic electro-
luminescence device having the features of claim 1 and
by the organic electroluminescence display having the
features of claim 5. Advantageous embodiments are de-
scribed in the dependent claims.
[0014] According to one aspect, an organic electrolu-
minescence device includes an anode, a luminescent
layer formed on the anode, a carrier transport multilay-
ered body formed on the luminescent layer, and a cath-
ode formed on the carrier transport multilayered body,
wherein the carrier transport multilayered body is alter-
nately layered by a first carrier transport layer and a sec-
ond carrier transport layer,
wherein the first carrier transport layer and the second
carrier transport layer have electron affinities that are dif-
ferent from each other.
[0015] Here, electron transportability is defined by, for
example, the electron affinity, the ionization potential, or
the energy gap of the organic material included in the
first carrier transport layer and the second carrier trans-
port layer.
[0016] With the present invention, the amount of elec-
tron current injected from the luminescent layer can be
increased by providing the carrier transport multilayered
body having alternate layers of the first carrier transport
layer and the second carrier transport layer having dif-
ferent electron affinities between the luminescent layer
and the cathode. As a result, the organic electrolumines-
cence device of the present invention attains a high lu-
minous efficiency and a long life-span by balancing the
amount of electron current and the amount of hole cur-
rent.
[0017] The first carrier transport layer and the second
carrier transport layer have different electron affinities.
Owing to the different electron affinities of the first carrier
transport layer and the second carrier transport layer,
multiple quantum wells can be formed and the amount
of electron current can be increased. It is to be noted that
electron affinity is expressed as an energy difference be-
tween an energy of a lower end of a conductive member
of a material included in, for example, the carrier transport
layer and a vacuum level, and is indicated as a positive
value.
[0018] According to another aspect of the present in-
vention, an organic electroluminescence display includ-
ing any one of the aforementioned organic electrolumi-

nescence devices is provided.
[0019] With the present invention, an organic electro-
luminescence display having high luminous efficiency
and a long life-span can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig.1A is a cross-sectional view showing a conven-
tional organic EL device;
Fig.2 is a cross-sectional view showing a configura-
tion of a device body of the present invention;
Fig.3 is a characteristic diagram I-V of the configu-
ration of the device body shown in Fig.2;
Fig.4 is a cross-sectional view showing an organic
EL device according to a first embodiment of the
present invention;
Fig.5 is an energy diagram of an organic EL device
according to the first embodiment;
Fig.6 is a drawing for describing a method for obtain-
ing an energy gap;
Fig.7 is a drawing for describing a method for obtain-
ing an ionization potential;
Fig.8 is a diagram showing a characteristic value of
an electron transport layer and a hole transport layer
used in organic EL devices for examples and com-
parative examples;
Fig.9 is a diagram showing layer configuration and
evaluation results of organic EL devices of first-third
examples and first-second comparative examples;
Fig.10 is a diagram showing layer configuration and
evaluation results of organic EL devices of fourth-
fifth examples and third-fourth comparative exam-
ples; and
Fig.11 is an exploded perspective view showing an
organic EL display according to a second embodi-
ment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0021] First, the process in reaching the present inven-
tion is described below. The inventors of the present in-
vention conducted the below-given experiments and
found that injectable current density can be increased by
providing a luminescent layer and a cathode having ther-
ebetween an electron transport multilayered body with
alternately layered electron transport layers having dif-
ferent electron transportabilities.
[0022] Fig.2 is a cross-sectional drawing showing a
configuration of a device body of the present invention
which was used in the experiments. With reference to
Fig.2, a device body 20 includes a substrate 21, an anode
22 formed on the substrate 21, an electron transport mul-
tilayered body 26 with two different electron transport lay-
ers 26A, 26B that are alternately layered on the anode
22, a cathode-side electron transport layer 27 layered on
the electron transport multilayered body 26, and a cath-
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ode 28 formed on the cathode-side electron transport
layer 27. A1 is used for the anode 22, and LiF/Al is used
for the cathode 28. Furthermore, TYE 704 (Name of prod-
uct manufactured by Toyo Ink Mfg. Co. Ltd.) is used for
the cathode-side electron transport layer 27. The electron
transport multilayered body 26 includes a first electron
transport layer 26A1 and a second electron transport lay-
er 26B1 layers (starting from the anode side), and further
continuing in this order, a first electron transport layer
26A2 and a second electron transport layer 26B2 being
layered alternately. Here, TYE 704 is used for the first
electron transport layer 26A, and TYG 201 (Name of
product manufactured by Toyo Ink Mfg. Co. Ltd.) is used
for the second electron transport layer 26B. Although
TYG 201 (Name of product manufactured by Toyo Ink
Mfg. Co. Ltd.) is known as a green color luminescent
material, it can also be used for an electron transport
layer. Device bodies for which the layering is repeated
N=1,3,4 times and a device body for comparison having
a similar configuration but without an electron transport
multilayered body, that is, a device body to which the
layering is repeated N=0 times, are fabricated. The thick-
nesses of the electron transport multilayered body 26 (as
indicated inside brackets {}) and the cathode-side elec-
tron transport layer 27 are shown below. It is to be noted
that the cathode-side electron transport layer 26 is pro-
vided to each of the device bodies so that the condition
(s) of the electron injection barrier from the anode may
be uniform.

N=0: TYG 201 (80 nm)
N=1: {[TYG 201 (30 nm)/TYE 704 (30 nm)]1}/TYG
201 (20 nm)
N=3: {[TYG 201 (10 nm)/TYE 704 (10 nm)]3}/TYG
201 (20 nm)
N=4: {[TYG 201 (7.5 nm)/TYE 704 (7.5 nm)]4}/TYG
201 (20 nm)

[0023] In order to measure the amount of current flow-
ing in the electron transport multilayered body 26, a direct
current of 0-10 V in intervals of 0.5 V is applied between
the anode 22 and the cathode 28, and the amount of
current flowing in the device is measured with an ampere
meter.
[0024] Fig.3 is a drawing showing properties I - V of
the device body shown in Fig.2. In comparing between
N=0 and N=1 with reference to Fig.3, the amount of cur-
rent is relatively the same, or N=1 is slightly smaller.
Meanwhile, in N=3 and N=4, it is apparent that the
amount of current increases considerably and thus in-
creases as the number of repetitions becomes larger.
Accordingly, the amount of electron current can be in-
creased by repeating the layering of the two electron
transport layers 25A and 25B that have electron trans-
portabilities that are different from each other. By increas-
ing the number of the multilayers, a sufficient amount of
electron current can be provided to obtain balance with
the amount of hole current. It is assumed that this owes

to multiple quantum wells being formed by alternately
layering electron transport layers having different elec-
tron affinities, in which the effect of the multiple quantum
wells increases the amount of electron current. It is to be
noted that the reason the amount of current does not
increase in a case of N=1 is because it is assumed that
no multiple quantum well is formed in a case of N=1.
[0025] Accordingly, the inventors have arrived at the
present invention of an organic EL device having an elec-
tron transport multilayered body with layers of different
electron transport layers.

(First Embodiment)

[0026] Embodiments of the present invention of an or-
ganic EL device are described with reference to the ac-
companying drawings.
[0027] Fig.4 is a cross-sectional view showing an or-
ganic EL device according to an embodiment of the
present invention. Fig.5 is an example of an energy dia-
gram of an organic EL device according to the embodi-
ment shown in Fig.4. In Fig.5, "Ea" indicates electron
affinity, "Eg" indicates energy gap, and "Ip" indicates ion-
ization potential. With reference to Figs.4 and 5, accord-
ing to this embodiment, an organic EL device 30 has a
transparent substrate 31, an anode 32, a hole injection
layer 33, a hole transport layer 34, a luminescent layer
35, an electron transport multilayered body 36, a cath-
ode-side electron transport layer 37, and a cathode 38
which are formed in that order on the substrate 31.
[0028] For example, a transparent insulating substrate
such as glass or quartz, a semiconductor substrate such
as Si, a film such as PET or PEN, or a resin substrate
such as PVA may be used for the substrate 31. Further-
more, TFTs (Thin Film Transistor) may be disposed in a
matrix-like manner for controlling on/off of the organic EL
device on the aforementioned substrates. Although the
thickness of the substrate 31 may suitably selected de-
pending on the material of the substrate, the thickness
of the substrate 31 is approximately 200 mm-1000 mm.
[0029] The anode 32 is formed on the substrate 31 by
using a conductive material such as Al and performing a
vapor deposition method or a sputtering method there-
with. From the aspect of hole injection property, it is pref-
erable to use, for example, Au, Cr, or Mo, which has a
large work function. However, in a case where light is
emitted from the anode side, it is formed with a transpar-
ent material such as ITO or indium oxide.
[0030] The hole injection layer 33 and the hole trans-
port layer 34 have high HOMO, that is, materials with low
ionization potential are employed thereto. As a repre-
sentative example, there is copper phthalocyanine
(CuPc), m-MTDATA of starburst type amine, 2-TNATA,
TPD, or α-NPD. It is to be noted that a hole injection layer
may be provided for performing more hole injections be-
tween the anode and the hole transport layer. The afore-
mentioned copper phthalocyanine (CuPc), m-MTDATA
of starburst type amine, or 2-TNATA may be used as the
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hole injection layer.
[0031] Furthermore, the hole transport layer 34 has a
small electron affinity V with respect to the luminescent
layer 35. Thereby, electrons can accumulate in the lumi-
nescent layer and space density of electrons in the lumi-
nescent layer can be increased. More specifically, as
shown in Fig.5, an energy barrier having a height BR34
(=Ea35-Ea34) is formed, wherein a relation between elec-
tron affinity Ea 34 of the hole transport layer 34 and elec-
tron affinity Ea35 of the luminescent layer is represented
as Ea34<Ea35.
[0032] It is to be noted that hole transport layers having
different ionization potentials may be provided in an al-
ternately layered manner. By forming the energy barrier
against the holes, the amount of hole current can be con-
trolled, thereby achieving balance with the amount of
electron current.
[0033] A metal complex material, for example, Alq 3
(tris (8-hydroxyquinolio aluminum), Znq 2, or Balq 2, or
a pigment material, for example, PZ10 or EM2 may be
used for the luminescent layer 35. Furthermore, a mate-
rial having a pigment such as rubrene or TPB, doped with
a host material such as Alq3, may also be used.
[0034] The cathode-side electron transport layer 37 in-
cludes the same material(s) included in the below-de-
scribed electron transport multilayered body 36. More
particularly, it is preferable for the cathode-side electron
transport layer 37 to have an energy gap that is same as
or greater than the electron transport layer included in
the electron transport multilayered body 36. Thereby, the
cathode-side electron transport layer 37 can be prevent-
ed from illuminating.
[0035] A metal (e.g. Li) or a metal alloy (e.g. Mg-Ag,
Al-Li) having a small work function is used for the cathode
38. A cathode having an electron injection layer of, for
example, metal fluoride (e.g. LiF/Al) may also be used.
[0036] The electron transport multilayered body 36 has
alternately layered layers including a first electron trans-
port layer 36A and a second electron transport layer 36B
having different electron transportabilities. Here, different
electron transportabilities signify, for example, a differ-
ence in HOMO, LUMO (Lowest Unoccupied Molecular
Orbital), or conductivity. In this embodiment, the first elec-
tron transport layer 36A and the second electron trans-
port layer 36B are described as layers having different
electron affinities with respect to each other.
[0037] A metal chelate of 8-hydroxyquinoline, a metal
thioxynoid compound, an oxadiazole metal chelate, tri-
azine, 4,4’-bis (2,2-diphenylvinyl) biphenyl, for example,
may be used for the first electron transport layer 36A or
the second electron transport layer 36B. A preferable ma-
terial among the metal chelates of 8-hydroxyquinoline
may be, for example, Alq 3 (tris (8-hydroxyquinolinate)
aluminum, Balq (bis (8-hydroxyquinolato)-(4-phenylphe-
nolato) aluminum, or bis PBD. Furthermore, a preferable
material among the metal thioxynoid compounds may
be, for example, bis (8-quinolinthiolato) zinc, bis (8-qui-
nolinthilato) cadmium, tris (8-quinolinthiolato) gallium, or

tris (8-quinolinthiolato) indium. Furthermore, a preferable
material among the oxadiazole metal chelates may be,
for example, bis [2-(2-hydroxyphenyl)-5-phenyl-1,3,4-
oxadiazolato] zinc, bis [2-(2-hydroxyphenyl)-5-phenyl-
1,3,4-oxadiazolato] beryllium, bis [2-(2-hydroxyphenyl)-
5-(1-naphthyl)-1,3,4-oxadiazolato] zinc, or bis [2-(2-hy-
droxyphenyl)-5-(1-naphthyl)-1,3,4-oxadiazolato] berylli-
um.
[0038] The aforementioned materials for the electron
transport layers are chosen as the first electron transport
layer 36A and the second electron transport layer 36B
so that the relation of electron affinities satisfies EaA<EaB
in a case where EaA indicates the electron affinity of the
first electron transport layer 36A and EaB indicates the
electron affinity of the second electron transport layer
36B. In choosing a material that satisfies this relation, a
below-described measuring method may be employed
to obtain electron affinity.
[0039] Although electrons flow from the cathode 38 to-
ward the luminescent layer 35, in the interface between
the second electron transport layer 36B2 and the first
electron transport layer 36A2, for example, of the electron
transport multilayered body 36, a difference EaB2-EaA2
in electron affinity between the two layers causes an en-
ergy barrier BR2 to be formed and a square-well potential
to be generated. Likewise, between the second transport
layer 36B1 and the first electron transport layer 36A1, an
energy barrier BR1 is formed and a square-well potential
is generated. It is, therefore, assumed that multiple quan-
tum wells are formed and the amount of electron current
is increased.
[0040] The film thicknesses of the first electron trans-
port layer 36A and the second electron transport layer
36B can be suitably selected in accordance with the
number of repetitions of the layering of the first electron
transport layer 36A and the second electron transport
layer 36B; they are, however, set in a range of 5 nm - 50
nm (preferably 5 nm-20 nm). If the thickness is greater
than 50 nm, the thickness of the entire organic EL device
would be too thick. Thereby, application voltage would
too large, an electrochemical reaction would more easily
occur at the anode, cathode, or at its interface with re-
spect to a contacting hole injection layer or a cathode-
side electron transport layer, and the life-span of the or-
ganic EL element would be adversely affected. Further-
more, if the thickness is less than 5 nm, a successive film
would be difficult to form, and the periodicity of the
square-well potential would be out of order.
[0041] The first electron transport layer 36A and the
second electron transport layer 36B are set to a prede-
termined thicknesses within the above-described range,
respectively. Accordingly, a satisfactory periodicity of the
multiple quantum well can be attained. It is to be noted
that the first electron transport layer 36A and the second
electron transport layer 36B may be of the same thick-
ness or different thicknesses.
[0042] Furthermore, the first electron transport layer
36A may be a thin film which is thinner than the second

7 8 



EP 1 603 369 B1

6

5

10

15

20

25

30

35

40

45

50

55

electron transport layer 36B. Although the first electron
transport layer 36A functions as a barrier layer owing to
its small electron affinity, the amount of electron current
may be further increased by making the barrier layer thin-
ner.
[0043] Furthermore, the number of repetitions of the
layering of the first electron transport layer 36A and the
second electron transport layer 36B are set from 2. If the
repetition is greater than 4, the organic EL device would
be too thick. If the repetition is less than 2, the multiple
quantum wells could not be formed.
[0044] It is to be noted that the energy gap, ionization
potential, and electron affinity for the electron transport
layer, the hole transport layer, etc. are obtained accord-
ing to the below-given measuring conditions and meas-
uring methods.
[0045] As for energy gap Eg, the optical absorption
spectrum is measured, in which the energy of the long
wavelength end of the optical absorption spectrum is the
energy gap Eg. More specifically, with the same condi-
tions for forming each layer of the organic EL device,
each measure target (e.g. electron transport layer) is in-
dividually formed into a thin film with a thickness of ap-
proximately 50 nm. A spectrophotometric apparatus ca-
pable of measuring optical absorption spectra (Spectro-
photometer U-4100: name of product manufactured by
Hitachi Ltd.) is used, in which the optical absorption spec-
trum (wavelength dependency) is measured by irradiat-
ing ultraviolet light through visible light to a thick film in
the atmosphere.
[0046] Fig.6 is a drawing showing properties of the op-
tical absorption spectrum. With reference to Fig.6, the
energy gap Eg is obtained by performing energy conver-
sion with respect to a wavelength of an intersection point
CP1 between a straight line being extrapolated by ap-
proximating a straight line portion LN1 at a skirt of the
optical absorption spectrum toward a long wavelength
side and a straight line being extrapolated by approxi-
mating straight line portion BG1 of the background to-
ward a short wavelength side.
[0047] As for the ionization potential Ip, ionization po-
tential Ip is the energy of photoemission threshold meas-
ured by an ultraviolet photoelectron analyzing method.
More specifically, the number of discharged photoelec-
trons are measured by irradiating an ultraviolet light to a
thin film in the atmosphere by using an atmosphere type
ultraviolet photoelectron analyzing apparatus (AC-1:
Name of product manufactured by Riken Keiki Co. Ltd.),
in which the same thick film used for the energy gap Eg
is employed. Thereby, a relation between the energy of
the incident ultraviolet ray and the number of photoelec-
trons is obtained. In terms of measuring conditions, the
range of energy of the incident ultraviolet ray is 3.8-6.2
eV, and the strength of the ultraviolet ray is 20 nW.
[0048] Fig.7 is a characteristic diagram showing an ex-
ample of a relation between a square root of the number
of photoelectrons and the energy of the incident ultravi-
olet ray. With reference to Fig.7, the ionization potential

Ip is obtained from the energy of an intersection point
CP2 between a straight line being extrapolated by ap-
proximating a straight line portion LN2 at a rising part of
the characteristic line toward a low energy side and a
straight line being extrapolated by approximating a
straight line portion of the background toward a high en-
ergy side.
[0049] Furthermore, the electron affinity Ea is obtained
by the difference between the above-obtained ionization
potential Ip and the energy gap Eg (Ea=Ip-Eg).
[0050] By using these methods, the energy gap, the
ionization potential, and the energy affinity of each elec-
tron transport material is measured. Thereby, selection
of a combination of electron transport layers to be includ-
ed in the electron transport multilayered body is enabled.
[0051] Fig.8 is a diagram showing measurement val-
ues of the energy gap, the ionization potential, the elec-
tron affinity of the electron transport layer and the hole
transport layer included in the organic EL device with
respect to examples which are of the present invention
and comparative examples which are not of the present
invention. The examples and comparative examples are
described below based on the measurement values
shown in Fig.8.

[Example 1]

[0052] An anode with a thickness of 150 nm is formed
on a glass substrate by a sputtering method with use of
ITO, and is subject to UV ozone processing in which the
anode surface is irradiated with UV rays under an oxygen
atmosphere for 20 minutes. Then, 2-TNATA (thickness
40 nm) serving as the hole injection layer, α-NPD (thick-
ness 10 nm) serving as the hole transport layer, and TYG
201 (thickness 20 nm) serving as the luminescent layer,
are formed in order.
[0053] Next, starting from TYE 704, the formation of a
combination of TYE 704 (thickness 15 nm) and TYG 201
(thickness 15 nm), serving as the electron transport mul-
tilayered body, is repeated twice. Furthermore, a single
layer of TYE 704 (thickness 20 nm) is formed on the
electron transport multilayered body, and the cathode
formed of LiF/Al is last formed.
[0054] In the organic EL device in this example, a green
luminescence is observed in a case where voltage is no
less than 3 V. When voltage of 10 V is applied, luminance
of 913 cd/m2 and a luminous efficiency of 8.40 cd/A are
obtained.

[Second Example]

[0055] The organic EL element of this example is the
same as that of the first example except for repeating the
formation of a combination of TYE 704 (thickness 10 nm)
and TYG 201 (thickness 10 nm) for three times.
[0056] In the organic EL device in this example, a green
luminescence is observed in a case where voltage is no
less than 3 V. When voltage of 10 V is applied, luminance
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of 1075 cd/m2 and a luminous efficiency of 9.70 cd/A are
obtained.

[Third Example]

[0057] The organic EL element of this example is the
same as that of the first example except for repeating the
formation of a combination of TYE 704 (thickness 7.5
nm) and TYG 201 (thickness 7.5 nm) for four times.
[0058] In the organic EL device in this example, a green
luminescence is observed in a case where voltage is no
less than 3 V. When voltage of 10 V is applied, luminance
of 1017 cd/m2 and a luminous efficiency of 8.89 cd/A are
obtained.

[First Comparative Example]

[0059] The organic EL device in this comparative ex-
ample is the same as that of the first example except for
forming TYG 201 (thickness 50 nm) as the luminescent
layer and forming a single layer of TYG 201 (thickness
50 nm) as the electron transport layer instead of the elec-
tron transport multilayered body.
[0060] In the organic EL device in this comparative ex-
ample, a green luminescence is observed in a case
where voltage is no less than 3 V. When voltage of 10 V
is applied, luminance of 967 cd/m2 and a luminous effi-
ciency of 8.25 cd/A are obtained.

[Second Comparative Example]

[0061] The organic EL device in this comparative ex-
ample is the same as that of the first example except for
providing a combination of TYE 704 (thickness 30 nm)
and TYG 201 (thickness 30 nm) as the electron transport
multilayered body.
[0062] In the organic EL device in this comparative ex-
ample, a green luminescence is observed in a case
where voltage is no less than 4 V. When voltage of 10 V
is applied, luminance of 750 cd/m2 and a luminous effi-
ciency of 7.48 cd/A are obtained.
[0063] Fig.9 shows the layer configurations and eval-
uation results of the first-third examples and the first-sec-
ond comparative examples. With reference to Fig.9, it is
apparent that luminous efficiency increases when the lay-
ering of the TYE 704 and TYG 201, which form the elec-
tron transport multilayered body, is repeated two times
or more, when compared to the first comparative exam-
ple in which the electron transport multilayered body is
a single layer of the electron transport layer or the second
comparative example in which the number of repetition
is 1. Furthermore, the luminous efficiency is highest for
the organic EL device of the second example. It is as-
sumed that this owes to the balance between the amount
of electron current and the amount of hole current. Fur-
thermore, it is apparent that luminance is also highest for
the organic EL device of the second example.
[0064] Next, in the TYE 704 and the TYG 201 forming

the electron transport multilayered body, examples and
comparative examples replacing the TYG 201 with Alq
3 is described.

[Fourth Example]

[0065] The organic EL element of this example is the
same as that of the second example except for using Alq
3 (thickness 10 nm) as an alternative of TYG 201 (thick-
ness 10 nm), in which the number of the repetitions is 3.
[0066] In the organic EL device in this example, a green
luminescence is observed in a case where voltage is no
less than 5 V. When voltage of 10 V is applied, luminance
of 994 cd/m2 and a luminous efficiency of 7.52 cd/A are
obtained.

[Fifth Example]

[0067] The organic EL element of this example is the
same as that of the fourth example except for forming
each layer of the electron transport multilayered body
with a thickness of 7.5 nm, and repeating for 4 times.
[0068] In the organic EL device in this example, a green
luminescence is observed in a case where voltage is no
less than 5 V. When voltage of 10 V is applied, luminance
of 1021 cd/m2 and a luminous efficiency of 7.44 cd/A are
obtained.

[Third Comparative Example]

[0069] The organic EL element of this comparative ex-
ample is the same as that of the fourth example except
for employing an electron transport layer having a single
layer of Alq 3 (thickness 30 nm) as an alternative of the
electron transport multilayered body and employing TYG
201 (thickness 50 nm) as the electron transport layer in
abutment with the cathode.
[0070] In the organic EL device in this example, a green
luminescence is observed in a case where voltage is no
less than 5 V. When voltage of 10 V is applied, luminance
of 1058 cd/m2 and a luminous efficiency of 6.68 cd/A are
obtained.

[Fourth Comparative Example]

[0071] The organic EL element of this comparative ex-
ample is the same as that of the fourth example except
for forming each layer of the electron transport multilay-
ered body with a thickness of 30 nm and repeating 1 time.
[0072] In the organic EL device in this example, a green
luminescence is observed in a case where voltage is no
less than 5 V. When voltage of 10 V is applied, luminance
of 1005 cd/m2 and a luminous efficiency of 6.75 cd/A are
obtained.
[0073] Fig.10 shows the layer configurations and eval-
uation results of the fourth-fifth examples and the third-
fourth comparative examples. With reference to Fig. 10,
it is apparent that luminous efficiency increases when
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the layering of the TYE 704 and Alq 3, which form the
electron transport multilayered body, is repeated three
times or more, when compared to the third comparative
example in which the electron transport multilayered
body is a single layer of the electron transport layer or
the fourth comparative example in which the number of
repetition is 1.
[0074] Furthermore, in comparing the second-third ex-
amples with the fourth-fifth examples having the same
number of repetitions, the organic EL device of the sec-
ond-third examples having multilayers of the TYG 201
layer and the TYE 704 layer have a higher improvement
rate of luminous efficiency than the organic EL device of
the fourth-fifth examples having multilayers of the Alq3
layer and the TYE 704 layer with respect to the compar-
ative example where its repetition number is 1 (second
comparative example, fourth comparative example). The
reason for this is assumed in that the difference of elec-
tron affinity between the Alq 3 layer and the TYE 704
layer is 0.10 eV whereas the difference of electron affinity
between the TYG 201 layer and the TYE 704 layer is
0.23 eV, and that the combination between the TYG 201
and the TYE 704 can form multiple quantum wells more
sufficiently, thereby a more significant multiple quantum
well effect is generated.

(Second Embodiment)

[0075] Fig.11 is an exploded perspective view showing
an organic EL display according to a second embodiment
of the present invention. With reference to Fig. 11, an
organic EL display 50 includes, for example, a glass sub-
strate 51, a cathode 52 formed on the glass substrate in
a stripe-like manner, an anode 54 formed perpendicularly
facing the cathode 52 in a stripe-like manner, and a mul-
tilayered body 53 formed between the cathode 52 and
the anode 54. Furthermore, although not illustrated, the
organic EL display 50 includes, for example, a drive cir-
cuit for driving voltage applied between the cathode and
the anode, and a sealing material for preventing expo-
sure to water vapor or oxygen.
[0076] The organic EL display 50 is able to illuminate
a desired area by applying voltage to the cathode 52 and
the anode 54 in a desired area. The characteristic of the
organic EL display 50 is that the cathode 52, the multi-
layered body 53, and the anode 54 are formed of the
above-described organic EL device of the present inven-
tion. Therefore, an organic EL display which is able to
attain excellent luminous efficiency and a long life-span
can be obtained.
[0077] Further, the present invention is not limited to
these embodiments, but variations and modifications
may be made without departing from the scope of the
present invention.
[0078] For example, in the embodiments of the present
invention, the organic EL device may be formed by lay-
ering on a substrate from an anode side or from a cathode
side.

Industrial Applicability

[0079] With the present invention, by providing an elec-
tron transport multilayered body having alternately lay-
ered electron transport layers having different electron
transportabilities on a cathode side of a luminescent layer
in an organic electroluminescence device, an organic
electroluminescence device capable of attaining excel-
lent luminous efficiency and a long life-span can be pro-
vided.

Claims

1. An organic electroluminescence device character-
ized by comprising:

an anode (32);
a luminescent layer (35) formed above the an-
ode;
a hole transport layer (34) between the anode
and the luminescent layer;
a electron transport multilayered body (36)
formed on the luminescent layer (35); and
a cathode (38) formed on the electron transport
multilayered body (36);
wherein the luminescent layer (35) directly con-
tacts the hole transport layer;
wherein the hole transport layer (34) has an
electron affinity which is smaller than that of the
luminescent layer;
wherein the electron transport multilayered body
(36) is alternately layered by a first electron
transport layer (36A) and a second electron
transport layer (36B),
wherein the first electron transport layer (36A)
and the second electron transport layer (36B)
have electron affinities that are different from
each other,
wherein the first electron transport layer and the
second electron transport layer respectively
have a film thickness of 5 nm or more, and
wherein the electron transport multilayered body
(36) includes alternate layers of the first electron
transport layer (36A) and the second electron
transport layer (36B) that are repeated in a range
from 2-4 times.

2. The organic electroluminescence device as claimed
in claim 1, characterized in that the first electron
transport layer (36A) has an electron affinity which
is smaller than that of the second electron transport
layer (36B), and has a thickness which is same as
or smaller than that of the second electron transport
layer (36B).

3. The organic electroluminescence device as claimed
in claim 1, characterized in that one of the first elec-
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tron transport layer (36A) and the second electron
transport layer (36B) is of a material which is the
same as that of the luminescent layer (35).

4. The organic electroluminescence device as claimed
in claim 1, characterized by further comprising:

an electron transport layer between the electron
transport multilayered body (36) and the cath-
ode (38) ;
wherein the electron transport layer has an en-
ergy gap that is same as or larger than a larger
one of the first electron transport layer (36A) and
the second electron transport layer (36B).

5. An organic electroluminescence display character-
ized by comprising:

the organic electroluminescence device in any
one of the preceding claims.

Patentansprüche

1. Organische Elektrolumineszenzvorrichtung, da-
durch gekennzeichnet, dass sie umfasst:

eine Anode (32);
eine Lumineszenzschicht (35), gebildet über der
Anode;
eine Lochtransportschicht (34) zwischen der
Anode und der Lumineszenzschicht;
einen mehrschichtigen Elektronentransportkör-
per (36), gebildet auf der Lumineszenzschicht
(35); und
eine Kathode (38), gebildet auf dem mehr-
schichtigen Elektronentransportkörper (36);
worin die Lumineszenzschicht (35) in direktem
Kontakt mit der Lochtransportschicht steht;
worin die Lochtransportschicht (34) eine Elek-
tronenaffinität aufweist, die kleiner ist als die der
Lumineszenzschicht;
worin der mehrschichtige Elektronentransport-
körper (36) abwechselnd durch eine erste Elek-
tronentransportschicht (36A) und eine zweite
Elektronentransportschicht (36B) geschichtet
ist,
worin die erste Elektronentransportschicht
(36A) und die zweite Elektronentransport-
schicht (36B) voneinander unterschiedliche
Elektronenaffinitäten aufweisen, worin die erste
Elektronentransportschicht und die zweite Elek-
tronentransportschicht jeweils eine Filmdicke
von 5 nm oder mehr aufweisen, und
worin der mehrschichtige Elektronentransport-
körper (36) abwechselnde Schichten der ersten
Elektronentransportschicht (36A) und der zwei-
ten Elektronentransportschicht (36B) umfasst,

die sich im Bereich von 2 bis 4-mal wiederholen.

2. Organische Elektrolumineszenzvorrichtung gemäß
Anspruch 1, dadurch gekennzeichnet, dass die er-
ste Elektronentransportschicht (36A) eine Elektro-
nenaffinität aufweist, die kleiner ist als die der zwei-
ten Elektronentransportschicht (36B), und eine Dik-
ke aufweist, die gleich oder kleiner als die der zwei-
ten Elektronentransportschicht (36B) ist.

3. Organische Elektrolumineszenzvorrichtung gemäß
Anspruch 1, dadurch gekennzeichnet, dass eine
von der ersten Elektronentransportschicht (36A) und
eine zweiten Elektronentransportschicht (36B) aus
einem Material ist, welches das gleiche ist wie das
der Lumineszenzschicht (35).

4. Organische Elektrolumineszenzvorrichtung gemäß
Anspruch 1, dadurch gekennzeichnet, dass sie
ferner umfasst:

eine Elektronentransportschicht zwischen dem
mehrschichtigen Elektronentransportkörper
(36) und der Kathode (38) ;
worin die Elektronentransportschicht eine Ener-
gielücke aufweist, die gleich oder größer ist als
die größere von der ersten Elektronentransport-
schicht (36A) und der zweiten Elektronentrans-
portschicht (36B).

5. Organische Elektrolumineszenzanzeigenvorrich-
tung, dadurch gekennzeichnet, dass sie umfasst:

die organische Elektrolumineszenzvorrichtung
gemäß irgendeinem der vorhergehenden An-
sprüche.

Revendications

1. Dispositif électroluminescent organique caractérisé
en ce qu’il comprend :

une anode (32) ;
une couche luminescente (35) formée au-des-
sus de l’anode ;
une couche de transport de trous (34) entre
l’anode et la couche luminescente ;
un corps multicouche de transport d’électrons
(36) formé sur la couche luminescente (35) ; et
une cathode (38) formée sur le corps multicou-
che de transport d’électrons (36) ;
dans lequel la couche luminescente (35) est di-
rectement en contact avec la couche de trans-
port de trous ;
dans lequel la couche de transport de trous (34)
a une affinité électronique qui est plus petite que
celle de la couche luminescente ;
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dans lequel le corps multicouche de transport
d’électrons (36) est alternativement stratifié
avec une première couche de transport d’élec-
trons (36A) et une deuxième couche de trans-
port d’électrons (36B),
dans lequel la première couche de transport
d’électrons (36A) et la deuxième couche de
transport d’électrons (36B) ont des affinités
électroniques qui sont différentes l’une de
l’autre,
dans lequel la première couche de transport
d’électrons et la deuxième couche de transport
d’électrons ont respectivement une épaisseur
de film de 5 nm ou plus, et
dans lequel le corps multicouche de transport
d’électrons (36) comprend des couches alter-
nées de la première couche de transport d’élec-
trons (36A) et de la deuxième couche de trans-
port d’électrons (36B) qui sont répétées dans
une plage de 2 à 4 fois.

2. Dispositif électroluminescent organique selon la re-
vendication 1, caractérisé en ce que la première
couche de transport d’électrons (36A) a une affinité
électronique qui est plus petite que celle de la deuxiè-
me couche de transport d’électrons (36B) et a une
épaisseur qui est égale ou inférieure à celle de la
deuxième couche de transport d’électrons (36B).

3. Dispositif électroluminescent organique selon la re-
vendication 1, caractérisé en ce qu’une parmi la
première couche de transport d’électrons (36A) et la
deuxième couche de transport d’électrons (36B) est
d’un matériau qui est le même que celui de la couche
luminescente (35).

4. Dispositif électroluminescent organique selon la re-
vendication 1, caractérisé en ce qu’il comprend en
outre :

une couche de transport d’électrons entre le
corps multicouche de transport d’électrons (36)
et la cathode (38) ;
dans lequel la couche de transport d’électrons
a une bande interdite qui est la même ou plus
grande qu’une plus grande parmi la première
couche de transport d’électrons (36A) et la
deuxième couche de transport d’électrons
(36B).

5. Affichage électroluminescent organique caractéri-
sé en ce qu’il comprend :

le dispositif électroluminescent organique selon
l’une quelconque des revendications précéden-
tes.
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