EP 1 469 535 B1

(1 9) Europaisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 1 469 535 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
06.06.2012 Bulletin 2012/23

(21) Application number: 04090008.6

(22) Date of filing: 13.01.2004

(51)

Int Cl.:
HO1L 51/50 (2006.01)

(54) Organic electroluminescent display device

Organische elektrolumineszente Anzeigevorrichtung

Dispositif d’affichage électroluminescent organique

(84) Designated Contracting States:
DE FR GB

(30) Priority: 17.04.2003 KR 2003024424

(43) Date of publication of application:
20.10.2004 Bulletin 2004/43

(73) Proprietor: Samsung Mobile Display Co., Ltd.

Suwon-si
Gyeonggi-do (KR)

(72) Inventors:

¢ Lee, Jun-Yeob,
307-802 Cheongsol maeul Hanra Apt.,
Seongnam-city, Gyeonggi-do (KR)

* Kwon, Jang-Hyuk,
c/lo Samsung SDI Co., Ltd.
Yongin-si, Gyeonggi-do (KR)

e Choi, Yong-Joong,
116-703, Monsok maeul Ssangyong
Yongin-city, Gyeonggi-do (KR)

(74)

(56)

Representative: Hengelhaupt, Jiirgen et al
Gulde Hengelhaupt Ziebig & Schneider
Patentanwilte - Rechtsanwilte
Wallstrasse 58/59

10179 Berlin (DE)

References cited:
EP-A-1 011 155
EP-A- 1 285 957

EP-A- 1220 339
EP-A- 1 469 534

SCHMITZ CV ET AL: "Lithium-Quinolate
Complexes as Emitter and Interface Materials in
Organic Light-Emitting Diodes” CHEMISTRY OF
MATERIALS, AMERICAN CHEMICAL SOCIETY,
WASHINGTON, US, vol. 12, no. 10, 10 October
2000 (2000-10-10), pages 3012-3019,
XP002466152 ISSN: 0897-4756

KWONG RAYMOND C ET AL: "High operational
stability of electrophosphorescent devices"
APPLIED PHYSICS LETTERS, AIP, AMERICAN
INSTITUTE OF PHYSICS, MELVILLE, NY, US, vol.
81,n0.1,1July 2002 (2002-07-01), pages 162-164,
XP012031767 ISSN: 0003-6951

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1 469 535 B1
Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Korean Application No. 2003-24424, filed April 17, 2003, in the Korean
Intellectual Property Office, the disclosure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
Field of the invention

[0002] The present invention relates to an organic electroluminescent display device, and, more particularly, to a
display device that has a low driving voltage, superior life span characteristics, and is stabilized to the external environment
due to an improved electron transport layer and electron injection layer.

Description of Related Art

[0003] Recently, the organic electroluminescent display device is being noticed as a next generation display device
owing to various qualities such as its narrow thickness, wide viewing angle, light weight, small size, fast response time,
and low power consumption compared with a cathode-ray tube (CRT) or liquid crystal device (LCD).

[0004] Particularly, an organic electroluminescent display device has a quality of being easily fabricated through a
simple fabrication process, due to its simple structure of an anode, organic film layer, and a cathode. The organic film
layer consists of various layers according to functions, and may generally comprise a hole injection layer, a hole transport
layer, a luminescent layer, an electron transport layer, and an electron injection layer.

[0005] In FIG. 1, holes are injected from the anode 7, which is a transparent electrode, so that the injected holes are
transferred to an emitting layer 4 through a hole injection layer 6 and a hole transport layer 5, and electrons are injected
from a cathode 1 so that the injected electrons are transferred to the emitting layer 4 through an electron injection layer
2 and an electron transport layer 3. The transferred electrons and holes are bonded in the emitting layer to emit light.
[0006] There are methods for improving an electron transport layer and an electron injection layer in order to improve
the driving voltage and life span of an organic electroluminescent display device. According to U.S. Patent No. 5,776,622,
characteristics of a device were improved by depositing a dielectric material such as LiF, BaF, and CsF to a thickness
of about 1 nm between an electron transport layer and a metallic electrode to improve driving voltage.

[0007] Kido, et al., of Japan announced results in which a driving voltage was reduced by using a layer in which a
material in the alkaline metal series, such as Li, is doped on an organic electron transport layer adjacent to the cathode
as an electron injection layer (SID 97, Digest, page 775).

[0008] The reduction of the driving voltage by the doping of an alkaline metal results from the fact that electrons are
more smoothly injected by removing an electron injection barrier from the cathode. However, the material in the Li series
has a problem in that it is sensitive to oxidization, and is diffused to a large extent. Furthermore, a finely controlled doping
concentration is required, since the concentration of a doping metal has an influence on the characteristics of a device
in the case of metal doping.

[0009] Disclosed in U.S. Patent No. 6,396,209 is a structure in which a mixed layer of an electron transporting organic
compound and an organic metal complex compound is used as an electron injection layer, and a metal is deposited on
the mixed layer to improve the characteristics of an organic electroluminescent display device. Using this electron
transporting organic compound and the organic metal complex compound could reduce the driving voltage.

[0010] However, a structure of a new device for obtaining more stable device characteristics is required, since the
methods discussed above have a high degree of difficulty in the depositing process, and also have a low device stability.

SUMMARY OF THE INVENTION

[0011] It is an aspect of the present invention to develop a structure of a device having a lower driving voltage by
improving an electron transport layer and an electron injection layer when forming an organic electroluminescent display
device.

[0012] It is another aspect of the present invention to improve a life span of the organic electroluminescent display
device by improving an electron transport layer and an electron injection layer, thereby improving the stability of an
organic electroluminescent display device.

[0013] It is another aspect of the present invention to improve the life span of the device by fabricating an organic
electroluminescent display device that is stable to the external environment.

[0014] In order to achieve the foregoing and/or other aspects, the present invention provides an organic electrolumi-
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nescent display device as described in claim 1 and subsequent dependent claims 2-12.
[0015] Additional aspects and advantages of the invention will be set forth in part in the description which follows and,
in part, will be obvious from the description, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] These and/orother aspects and advantages of the invention will become apparent and more readily appreciated
from the following description of the preferred embodiments, taken in conjunction with the accompanying drawings of
which:

[0017] FIG.1 is a drawing schematically illustrating the structure of an ordinary organic electroluminescent display
device; and

[0018] FIG. 2 is a drawing schematically illustrating the structure of an organic electroluminescent display device
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Reference will now made in detail to the present preferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings, wherein like reference numerals refer to the like elements throughout.
The embodiments are described below in order to explain the present invention by referring to the figures.

[0020] FIG. 1 is a drawing schematically illustrating the structure of an ordinary organic electroluminescent display
device, and FIG. 2 is a drawing schematically illustrating the structure of an organic electroluminescent display device
fabricated according to an embodiment of the present invention. The same marks are used for the same constituent
elements hereinafter.

[0021] Referringto FIG. 2, an embodiment of the present invention comprises afirst electrode 7 and a second electrode
1 formed on a substrate, and one or more organic film layers 10 positioned between the first electrode 7 and the second
electrode 1. One or more emitting layers 4 are provided in the organic film layers 10, and a first organic film layer 8 is
provided between the emitting layers 4 and the second electrode 1.

[0022] That is, the first organic film layer 8 is used in the present invention to improve the electron injection layer 2
found in the ordinary organic electroluminescent display device illustrated in FIG 1.

[0023] Furthermore, an embodiment of the present invention further comprises a second organic film layer 9, between
the emitting layers 4 and the first organic film layer 8, to further improve the transmission property of the electric charges.
[0024] The first organic film layer 8 of the present invention is formed using an organic metal complex compound. The
organic metal complex compound includes 8-quinolinolato lithium, comprising one or more 8-quinolinolatos as a ligand,
and derivatives thereof.

[0025] The first organic film layer is preferably formed to a thickness of 0.5 to 10 nm. That is, it is not desirable to form
the first organic film layer to a thickness of more than 10 nm, because the driving voltage of the device increases. And
it is not desirable to form the first organic film layer to a thickness of less than 0.5 nm, because electron injection from
the electrode is limited.

[0026] The organic metal complex compound comprises one or more alkali metal ions, alkali earth metal ions, and
rare earth metal ions.

[0027] Furthermore, an’embodiment of the present invention further comprises a second organic film layer 9, which
is a thin film formed through a solution process by mixing a material used as an existing electron transport layer 3 with
an organic metal complex compound, or may be formed by co-depositing the electron transport layer material and the
organic metal complex compound under a vacuum, so that the two materials are mixed. The organic metal complex
compound comprises 8-quinolinolato lithium, comprising one or more 8-quinolinolatos as a ligand, and derivatives thereof,
and comprises one or more alkali metal ions, alkali earth metal ions, and rare earth metal ions. The organic metal complex
compound, having a concentration of 75 % or less of the existing electron transport layer, is contained in the second
organic film layer 9.

[0028] The existing electron transport layer material is not limited to a particular material, and typical electron transport
layer materials are selected from the group consisting of polycyclic hydrocarbon series derivatives, heterocyclic com-
pounds, and derivatives thereof.

[0029] The first organic film layer 8 comprises an organic metal complex compound that is a thin film positioned
adjacently to the second electrode 1.

[0030] A metallic electrode is used as the second electrode 1 when the second electrode 1 is the cathode. Although
the metallic electrode may comprise Al, Ag, Yt, metal halide, etc., the metallic electrode is not limited to those materials.
ITO, or 1ZO, is used as the first electrode 7 when the first electrode 7 is the anode.

[0031] Another embodiment (not forming part of the invention) comprises a metal halide as a first layer, instead of the
first organic film layer 8 of the above cited embodiment, and a second layer of this embodiment of the present invention
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is the same as the second organic layer of the above cited embodiment.

[0032] The metal halide comprises one or more metals selected from the group consisting of an alkali metal, an alkali
earth metal, and a rare earth metal.

[0033] The thickness of the first layer is preferably 0.5 to 10 nm.

[0034] Furthermore, an organic electroluminescent display device according to this embodiment further comprises an
electron transport layer 3, or a hole retardation layer, to improve electrical characteristics. The electron transport layer
3, or the hole retardation layer, is formed between the emitting layer 4 and the second organic film layer 9. Materials
used as ordinary electron transport layers or hole retardation layers are used to form the electron transport layer 3 or
the hole retardation layer.

[0035] The luminescent principle of an organic electroluminescent display device according to an embodiment of the
present invention is examined as follows. In FIG. 2, electrons are injected from the second electrode 1, and the first
organic film layer 8, comprising an organic metal complex compound, removes an energy barrier to the second organic
film layer 9, which is a mixed material of the electron transport layer material and the organic metal complex compound,
so that the electrons generated from the second electrode 1 are easily injected into the second organic film layer 9.
[0036] Thatis, the first organic film layer 8 and the second organic film layer 9 perform the same function as an existing
electron injection layer 2.

[0037] The second organic film layer 9, which is a mixed layer of the electron transport layer material and the organic
metal complex compound, assists with the easy injection and transport of electrons, while an electron transport layer 3,
or a hole retardation layer, assists with the transferring of electrons and the blocking of the movement of holes.

[0038] Holes passing through a hole injection layer 6 from the first electrode 7 are transferred through a hole transport
layer 5 to an emitting layer 4 and are bonded with electrons from the second electrode 1 so as to emit light. The first
electrode 7 is an ordinary anode electrode, and a transparent electrode such as ITO or IZO can be used as the first
electrode 7.

[0039] Ingeneral, the performances of electroluminescent devices show maximum values at a thickness range between
1 nm and 4 nm. However, this thin an electron injection layer is too thin to form a continuous film. Instead, the electron
injection layer in that thickness range forms an island structure.

[0040] To overcome this lack of uniformity, and to improve the electron injection from the second electrode 1 to the
electron transport layer 3, a supplementary layer (the second organic film layer 9) comprising a mixture of organic metal
complex compound and an electron transport layer material was introduced as a second layer of a bi-layer electron
injection structure. The bi-layer electron injection structure enhances the electron injection, which results in the improve-
ment of the efficiency and lifetime of the device. A mixture of organic metal complex compound and electron transport
layer material can also be used as an electron transport layer 3, as well as an electron injection layer 2.

[0041] A display device in an embodiment of the present invention lowers the driving voltage of the device, and
increases the efficiency and luminance of the device, by using a thin film organic metal complex compound layer (the
first organic film layer 8), thereby removing an electron injection barrier.

[0042] Furthermore, the display device in an embodiment of the present invention additionally lowers the driving
voltage of the device, and increases the efficiency and luminance of the device, by introducing an electron injection layer
2, which in an embodiment of the present invention is a mixed layer of the existing electron transport layer 3 and an
organic metal complex compound layer, allowing electrons to be transported more smoothly. The display device in an
embodiment of the present invention also has an increased life span due to the improved stability of the device.
[0043] The same organic metal complex compounds, or different organic metal complex compounds, can be used in
the first organic film layer 8 and the second organic film layer 9.

[0044] A few embodiments of the present invention are as follows. The following embodiments are only for helping to
understand the present invention, but the present invention is not limited to the following embodiments.

EXAMPLE 1

[0045] After depositing copper phthalocyanine (CuPc) to a thickness of 10 nm on an ITO transparent electrode under
a vacuum of 106 torr, to serve as a hole injection layer of an organic electroluminescent display device, N,N-di(1-
naphthyl)-N,N’-diphenylbenzidine (NPD) was deposited to a thickness of 50 nm on the hole injection layer under a
vacuum of 106 torr, to serve as a hole transport layer. After depositing the N,N’-di(1-naphthyl)-N,N’-diphenylbenzidine
(NPD), a luminescent layer, in which iridium tris(phenylpyridine) (Irppy;) was doped on carbazole biphenyl (CBP) to a
concentration of 5 %, was formed on the hole transport layer to a thickness of 30 nm. Biphenoxy-bi(8-quinolinolato)
aluminum (BAlq) was deposited on the luminescent layer to a thickness of 5 nm, after depositing the luminescent layer
on the hole transport layer, to serve as a hole retardation layer. Tris(8-quinolinolato)aluminum (Alq) was deposited at a
thickness of 20 nm as an electron transport layer. A mixture in which tris(8-quinolinolato)aluminum (Alqg) is mixed with
8-quinolinolato lithium (Lig), in a mixing ratio of 3:1, was deposited to a thickness of 1 nm on the electron transport layer
under a vacuum of 10-6 torr, to serve as an electron transport layer. A pure Liq layer was deposited at a thickness of 1
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nm on top of the mixed layer. After depositing Al as a metallic electrode, to a thickness of 300 nm, on the Liq electron
injection layer, the resulting material was finally encapsulated using a metallic can and barium oxide.

[0046] An organic electroluminescent display device fabricated using the process shown above had a luminance of
1000 cd/m?2, an efficiency of 25 cd/A at 6 V, and a life span of 1000 hours at 400 cd/m2.

EXAMPLE 2 (not forming part of the invention)

[0047] After depositing copper phthalocyanine (CuPc) to a thickness of 10 nm on an ITO transparent electrode under
a vacuum of 106 torr, to serve as a hole injection layer of an organic electroluminescent display device, N,N’-di(1-
naphthyl)-N,N’-diphenylbenzidine (NPD) was deposited to a thickness of 50 nm on the hole injection layer under a
vacuum of 106 torr, to serve as a hole transport layer. After depositing the N,N’-di(1-naphthyl)-N,N’-diphenylbenzidine
(NPD), a luminescent layer, in which iridium tris(phenylpyridine) (Irppys;) was doped on carbazole biphenyl (CBP) to a
concentration of 5 %, was formed on the hole transport layer to a thickness of 30 nm. BiPhenoxy-bi(8-quinolinolato)
aluminum (BAlq) was deposited on the luminescent layer to a thickness of 5 nm, after depositing the luminescent layer
on the hole transport layer, to serve as a hole retardation layer. Tris(8-quinolinolato)aluminum (Alq) was deposited at a
thickness of 20 nm as an electron transport layer. A mixture in which tris(8-quinolinolato)aluminum (Alq) is mixed with
8-quinolinolato lithium (Liqg), in a mixing ratio of 3:1, was deposited to a thickness of 1 nm on the electron transport layer
under a vacuum of 10-6 torr, to serve as an electron transport layer. A pure lithium fluoride (LiF) layer was deposited at
a thickness of 1 nm on top of the mixed layer. After depositing Al as a metallic electrode, to a thickness of 300 nm, on
the LiF electron injection layer, the resulting material was finally encapsulated using a metallic can and barium oxide.
[0048] An organic electroluminescent display device fabricated using the process shown above had a luminance of
900 cd/m2, an efficiency of 24 cd/A at 6 V, and a life span of 900 hours at 400 cd/m?2.

EXAMPLE 3

[0049] After depositing copper phthalocyanine (CuPc) to a thickness of 10 nm on an ITO transparent electrode under
a vacuum of 106 torr, to serve as a hole injection layer of an organic electroluminescent display device, N,N’-di(1-
naphthyl)-N,N’-diphenylbenzidine (NPD) was deposited to a thickness of 50 nm on the hole injection layer under a
vacuum of 106 torr, to serve as a hole transport layer. After depositing the N,N’-di(1-naphthyl)-N,N’-diphenylbenzidine
(NPD), a luminescent layer, in which iridium tris(phenylpyridine) (Irppys;) was doped on carbazole biphenyl (CBP) to a
concentration of 5 %, was formed on the hole transport layer to a thickness of 30 nm. Biphenoxy-bi(8-quinolinolato)
aluminum (BAlq) was deposited on the luminescent layer to a thickness of 5 nm, after depositing the luminescent layer
on the hole transport layer, to serve as a hole retardation layer. A mixture in which tris(8-quinolinolato)aluminum (Alq)
is mixed with 8-quinolinolato lithium (Lig), in a mixing ratio of 3:1, was deposited to a thickness of 20 nm on the hole
retardation layer under a vacuum of 10-6 torr, to serve as an electron transport layer, as well as an electron injection
layer. A pure Liq layer was deposited at a thickness of 1 nm on top of the mixed layer. After depositing Al as a metallic
electrode, to a thickness of 300 nm, on the Liqg electron injection layer, the resulting material was finally encapsulated
using a metallic can and barium oxide.

[0050] An organic electroluminescent display device fabricated using the process shown above had a luminance of
1200 cd/m?2, an efficiency of 27 cd/A at 6 V, and a life span of 1200 hours at 400 cd/m?2.

EXAMPLE 4 (not forming part of the invention)

[0051] After depositing copper phthalocyanine (CuPc) to a thickness of 10 nm on an ITO transparent electrode under
a vacuum of 106 torr, to serve as a hole injection layer of an organic electroluminescent display device, N,N’-di(1-
naphthyl)-N,N’-diphenylbenzidine (NPD) was deposited to a thickness of 50 nm on the hole injection layer under a
vacuum of 106 torr, to serve as a hole transport layer. After depositing the N,N’-di(1-naphthyl)-N,N’-diphenylbenzidine
(NPD), a luminescent layer, in which iridium tris(phenylpyridine) (Irppys;) was doped on carbazole biphenyl (CBP) to a
concentration of 5 %, was formed on the hole transport layer to a thickness of 30 nm. Biphenoxy-bi(8-quinolinolato)
aluminum (BAlq) was deposited on the luminescent layer to a thickness of 5 nm, after depositing the luminescent layer
on the hole transport layer, to serve as a hole retardation layer. A mixture in which tris(8-quinolinolato)aluminum (Alq)
is mixed with 8-quinolinolato lithium (Lig), in a mixing ratio of 3:1, was deposited to a thickness of 20 nm on the hole
retardation layer under a vacuum of 10-6 torr, to serve as an electron transport layer, as well as an electron injection
layer. A pure LiF layer was deposited at a thickness of 1 nm on top of the mixed layer. After depositing Al as a metallic
electrode, to a thickness of 300 nm, on the LiF electron injection layer, the resulting material was finally encapsulated
using a metallic can and barium oxide.

[0052] An organic electroluminescent display device fabricated using the process shown above had a luminance of
1100 cd/m?2, an efficiency of 26 cd/A at 6 V, and a life span of 1100 hours at 400 cd/m?2.
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COMPARATIVE EXAMPLE 1

[0053] After depositing copper phthalocyanine (CuPc) to a thickness of 10 nm on an ITO transparent electrode under
a vacuum of 106 torr, to serve as a hole injection layer of an organic electroluminescent display device, N,N’-di(1-
naphthyl)-N,N’-diphenylbenzidine (NPD) was deposited to a thickness of 50 nm on the hole injection layer under a
vacuum of 106 torr, to serve as a hole transport layer. After depositing the N,N’-di(1-naphthyl)-N,N’-diphenylbenzidine
(NPD), a luminescent layer, in which iridium tris(phenylpyridine) (Irppys;) was doped on carbazole biphenyl (CBP) to a
concentration of 5 %, was formed on the hole transport layer to a thickness of 30 nm. Biphenoxy-bi(8-quinolinolato)
aluminum (BAlq) was deposited on the luminescent layer to a thickness of 5 nm, after depositing the luminescent layer
on the hole transport layer, to serve as a hole retardation layer. A mixture in which tris(8-quinolinolato) aluminum (Alq)
is mixed with 8-quinolinolato lithium (Liqg), in a mixing ratio of 1:1, was deposited to a thickness of 20 nm on the hole
retardation layer under a vacuum of 10-6 torr, to serve as an electron transport layer. After depositing Al as a metallic
electrode, to a thickness of 300 nm, on a mixed layer of Lig and Alq, the resulting material was finally encapsulated
using a metallic can and barium oxide.

[0054] An organic electroluminescent display device fabricated using the process shown above had a luminance of
800 cd/m2, an efficiency of 25 cd/A at 6 V, and a life span of 550 hours at 400 cd/m?2.

COMPARATIVE EXAMPLE 2

[0055] After depositing copper phthalocyanine (CuPc) to a thickness of 10 nm on an ITO transparent electrode under
a vacuum of 106 torr, to serve as a hole injection layer of an organic electroluminescent display device, N,N’-di(1-
naphthyl)-N,N’-diphenylbenzidine (NPD) was deposited to a thickness of 50 nm on the hole injection layer under a
vacuum of 106 torr, to serve as a hole transport layer. After depositing the N,N’-di(1-naphthyl)-N,N’-diphenylbenzidine
(NPD), a luminescent layer, in which iridium tris(phenylpyridine) (Irppys;) was doped on carbazole biphenyl (CBP) to a
concentration of 5 %, was formed on the hole transport layer to a thickness of 30 nm. Biphenoxy-bi(8-quinolinolato)
aluminum (BAlq) was deposited on the luminescent layer to a thickness of 5 nm, after depositing the luminescent layer
on the hole transport layer, to serve as a hole retardation layer. Tris(8-quinolinolato)aluminum (Alq) was deposited to a
thickness of 20 nm on the hole retardation layer, under a vacuum of 10-6 torr, to serve as an electron transport layer. 8-
quinolinolato lithium (Liq) was deposited to a thickness of 3 nm on the electron transport layer, after depositing tris(8-
quinolinolato)aluminum (Alg) as the electron transport layer, to serve as an electron injection layer.. After depositing Al
as a metallic electrode, to a thickness of 300 nm, on the Liq electron injection layer, the resulting material was finally
encapsulated using a metallic can and barium oxide.

[0056] An organic electroluminescent display device fabricated using the process shown above had a luminance of
1000 cd/m?2, an efficiency of 21 cd/A at 6 V, and a life span of 500 hours at 400 cd/m2.

Device structure Luminance @6v(nit) | Efficiency (cd/A) | Lifetime(h)
Al/Lig/Alg3:Lig/Alg3/EML(EXAMPLE1) 1000 25 1000
Al/LiF/Alq3:Lig/Alg3/EML(EXAMPLE2) 900 24 900
Al/Lig/Alg3:Lig/EML(EXAMPLE3) 1200 27 1200
Al/LiF/Alq3:Lig/EML(EXAMPLE4) 1100 26 1100
Al/Alg3:Lig/Alg3/EML (COMPARATIVE EXAMPLE 1) | 800 25 550
Al/Lig/Alg3/EML (COMPARATIVE EXAMPLE 2) 1000 21 500

[0057] An organic electroluminescent display device, according to an embodiment of the present invention, improved
efficiency and luminance by 20% or more, and improved the life span 80% or more, compared with an organic electro-
luminescent display device having the conventional structure, by using a bi-layer electron injection layer comprised of
an organic metal complex compound layer and a mixture layer of electron transport layer material and an organic metal
complex compound.

Claims

1. An organic electroluminescent display device comprising;
a substrate;
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a first electrode and a second electrode formed on the substrate; and
a plurality of organic film layers between the first and second electrodes, comprising:

an emitting layer,

a first organic film layer provided between the emitting layer and the second electrode, and

a second organic film layer provided between the emitting layer and the first organic film layer,

wherein the first organic film layer comprises a first organic metal complex compound, and the second organic
film layer comprises a mixture of a charge carrier transport material and a second organic metal complex
compound, characterized in that

the first and second organic metal complex compounds each comprise at least one metal selected from the
group consisting of an alkali metal, an alkali earth metal, and a rare earth metal.

2. The organic electroluminescent display device according to claim 1, wherein a charge carrier of the charge carrier
transport material is an electron.

3. The organic electroluminescent display device according to claim 1, wherein the charge carrier transport material
comprises at least one material selected from the group consisting of a polycyclic hydrocarbon series derivative, a
heterocyclic compound, and derivatives thereof.

4. The organic electroluminescent display device according to claim 1, wherein the first and second organic metal
complex compounds comprise the same metal.

5. The organic electroluminescent display device according to claim 1, wherein the thickness of the first organic film
layer is 10 nm or less.

6. The organic electroluminescent display device according to claim 1, wherein the thickness of the first organic film
layer is 0.5 to 10 nm.

7. The organic electroluminescent display device according to claim 1, wherein the thickness of the second organic
film layer is 10 nm or less.

8. The organic electroluminescent display device according to claim 1, wherein the second organic film layer comprises
75 % or less of the charge carrier transport material.

9. The organic electroluminescent display device according to claim 1, wherein the first and second organic metal
complex compounds each comprise 8-quinolinolato lithium, comprising one or more 8-quinolinolatos as a ligand,
and derivatives thereof.

10. The organic electroluminescent display device according to claim 1, further comprising a hole retardation layer.

11. The organic electroluminescent display device according to claim 1, wherein the first electrode is an anode, and the
second electrode is a cathode comprised of at least one metal selected from the group of Al, Ag, Yt, and metal halide.

12. The organic electroluminescent display device according to claim 1, wherein the first organic film layer is positioned
adjacent to the second electrode.

Patentanspriiche

1. Organische elektrolumineszente Anzeigevorrichtung, aufweisend:

ein Substrat;
eine erste Elektrode und eine zweite Elektrode, die auf dem Substrat ausgebildet sind; und
eine Vielzahl organischer Filmschichten zwischen der ersten und zweiten Elektrode, aufweisend:

eine Emissionsschicht,
eine erste organische Filmschicht, die zwischen der Emissionsschicht und der zweiten Elektrode bereitge-
stellt wird, und
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eine zweite organische Filmschicht, die zwischen der Emissionsschicht und der ersten organischen Film-
schicht bereitgestellt wird,

wobei die erste organische Filmschicht eine erste organische Metallkomplexverbindung aufweist und die
zweite organische Filmschicht eine Mischung aus einem Ladungstréger-Transportmaterial und einer zwei-
ten organischen Metallkomplexverbindung aufweist, dadurch gekennzeichnet, dass

die erste und zweite organische Metallkomplexverbindung jeweils zumindest ein Metall aufweisen, das aus
der Gruppe bestehend aus einem Alkalimetall, einem Erdalkalimetall und einem Seltenerdmetall ausgewahlt
ist.

Organische elektrolumineszente Anzeigevorrichtung nach Anspruch 1, wobei ein Ladungstréger des Ladungstrager-
Transportmaterials ein Elektron ist.

Organische elektrolumineszente Anzeigevorrichtung nach Anspruch 1, wobei das Ladungstrager-Transportmaterial
zumindest ein Material aufweist, das aus der Gruppe bestehend aus einem Derivat der polycyclischen Kohlenwas-
serstoffreihe, einer heterocyclischen Verbindung und deren Derivaten ausgewahlt ist.

Organische elektrolumineszente Anzeigevorrichtung nach Anspruch 1, wobei die erste und zweite organische Me-
tallkomplexverbindung das gleiche Metall aufweisen.

Organische elektrolumineszente Anzeigevorrichtung nach Anspruch 1, wobei die Dicke der ersten organischen
Filmschicht 10 nm oder weniger betragt.

Organische elektrolumineszente Anzeigevorrichtung nach Anspruch 1, wobei die Dicke der ersten organischen
Filmschicht 0,5 bis 10 nm betragt.

Organische elektrolumineszente Anzeigevorrichtung nach Anspruch 1, wobei die Dicke der zweiten organischen
Filmschicht 10 nm oder weniger betragt.

Organische elektrolumineszente Anzeigevorrichtung nach Anspruch 1, wobei die zweite organische Filmschicht 75
% oder weniger des Ladungstrager-Transportmaterials aufweist.

Organische elektrolumineszente Anzeigevorrichtung nach Anspruch 1, wobei die erste und die zweite organische
Metallkomplexverbindung jeweils 8-Quinolinolat-Lithium aufweisen, das ein oder mehrere 8-Quinolinolate als einen
Liganden aufweist, und deren Derivate.

Organische elektrolumineszente Anzeigevorrichtung nach Anspruch 1, weiterhin aufweisend eine Lochverzdge-
rungsschicht.

Organische elektrolumineszente Anzeigevorrichtung nach Anspruch 1, wobei die erste Elekirode eine Anode ist
und die zweite Elektrode eine Kathode ist, die zumindest ein Metall enthélt, das aus der Gruppe von Al, Ag, Yt und
Metallhalogenid ausgewahlt ist.

Organische elektrolumineszente Anzeigevorrichtung nach Anspruch 1, wobei die erste organische Filmschicht be-
nachbart zur zweiten Elektrode positioniert ist.

Revendications

1.

Dispositif d’affichage électroluminescent organique comprenant :

un substrat ;
une premiére électrode et une seconde électrode formées sur le substrat ; et
une pluralité de couches de film organique entre les premiére et seconde électrodes, comprenant :

une couche émettrice ;

une premiere couche de film organique disposée entre la couche émettrice et la seconde électrode ; et
une seconde couche de film organique disposée entre la couche émettrice et la premiére couche de film
organique,
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la premiére couche de film organique comprenant un premier composé complexe organométallique, et la
seconde couche de film organique comprenant un mélange d’une matiére de transport de porteurs de
charge et d’'un second composé complexe organométallique, caractérisées en ce que

les premier et second composés complexes organométalliques comprennent chacun au moins un métal
choisi a partir du groupe constitué d’'un métal alcalin, d'un métal alcalino-terreux et d’'une terre rare.

Dispositif d’affichage électroluminescent organique selon la revendication 1, dans lequel un porteur de charge de
la matiére de transport de porteurs de charge est un électron.

Dispositif d’affichage électroluminescent organique selon la revendication 1, dans lequel la matiére de transport de
porteurs de charge comprend au moins une matiére choisie a partir du groupe constitué d’'un dérivé sériel d’hydro-
carbures polycycliques, d’'un composé hétérocyclique et de leurs dérivés.

Dispositif d’affichage électroluminescent organique selon la revendication 1, dans lequel les premier et second
composés complexes organométalliques comprennent le méme métal.

Dispositif d’affichage électroluminescent organique selon la revendication 1, dans lequel I'épaisseur de la premiére
couche de film organique est égale ou inférieure a 10 nm.

Dispositif d’affichage électroluminescent organique selon la revendication 1, dans lequel I'épaisseur de la premiéere
couche de film organique est comprise entre 0,5 et 10 nm.

Dispositif d’affichage électroluminescent organique selon la revendication 1, dans lequel I'épaisseur de la seconde
couche de film organique est égale ou inférieure a 10 nm.

Dispositif d’affichage électroluminescent organique selon la revendication 1, dans lequel la seconde couche de film
organique comprend 75 % ou moins de la matiére de transport de porteurs de charge.

Dispositif d’affichage électroluminescent organique selon la revendication 1, dans lequel les premier et second
composés complexes organométalliques comprennent chacun du 8-quinolinoléate de lithium, comprenant un ou
plusieurs 8-quinolinoléates comme ligand, et leurs dérivés.

Dispositif d’affichage électroluminescent organique selon la revendication 1, comprenant en outre une couche de
retardement des trous.

Dispositif d’affichage électroluminescent organique selon la revendication 1, dans lequel la premiére électrode est
une anode, et la seconde électrode est une cathode constituée d’au moins un métal choisi a partir du groupe
constitué de I'Al, de I'Ag, de I'Yt et des halogénures métalliques.

Dispositif d’affichage électroluminescent organique selon la revendication 1, dans lequel la premiére couche de film
organique est placée adjacente a la seconde électrode.
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