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Description
Technical Field

[0001] The presentinvention relates to an organic EL device, an organic EL display panel and a manufacturing method
of the same.

Background Art

[0002] In recent years, as candidates for post-liquid crystal displays and post-plasma displays, research and devel-
opment are being extensively undertaken in relation to self-luminous displays represented by organic EL displays. The
current organic EL displays are of two types: One is a low molecular weight type organic EL display in which a low
molecular weight organic compound is used in a light emitting layer; the other is a high molecular weight type organic
EL device in which a high molecular weight organic compound is used.

[0003] At present, for their high light emission efficiency, long life and the like, development of low molecular weight
type EL displays in which a light emitting layer is prepared by using vacuum process such as vacuum deposition is
ahead. However, the organic light emitting layer of the high molecular weight type EL display can be prepared by the
wet-process such as the ink-jet method or the gravue printing method. Therefore, the productivity of the high molecular
weight type organic EL display is much higher than that of the low molecular weight type organic EL display.

[0004] In the manufacturing of the high molecular weight type organic EL display, generally, for providing an organic
light emitting material on the electrode, a barrier wall (hereinafter referred to as "bank") surrounding the electrode is
formed and an composition containing an organic light emitting material is applied to the region defined by the bank.
The bank was usually formed by patterning a layer of the bank material applied on the substrate by the photolithography
method. In addition, there is also a known technology to control the wettability of the bank by providing a layer made of
silicon oxide between the bank and the substrate.

[0005] In addition, in the organic EL device, typically a hole injection layer is arranged between the anode and the
organic light emitting layer. The hole injection layer has a function to support the injection of holes from the anode to the
organic light emitting layer. In recent years, it was discovered that metal oxides such as tungsten oxide can be used as
the material of the hole injection layer (See, for example, Patent Document 2,)

Patent Document 1 : Japanese Patent N0.3743630
Patent Document 2: Japanese Patent Application Laid-Open No. 2006-114928

JP 2007288074 discloses an organic electroluminescent (OLED) device comprising a transition metal hole injection
layer. US 2005116632 discloses an OLED device having a bank layer comprising lyophilic and lyophobic layers.

Disclosure of the Invention
Problems to be Solved by the Invention

[0006] In the case when the region in which an ink is applied is defined by the bank, after laminating the hole injection
layer made of metal oxide on the anode by sputtering or the like, and then the bank is formed by patterning using the
photolithography method or the like. However, since the hole injection layer made of metal oxide is dissolved in water
and alkali, the layer is dissolved in the course of bank formation in which etching with alkaline solution is conducted and
there were cases in which the flatness of the surface of the hole injection

layer is deteriorated. In the case when the surface of the hole injection layer is not flat, the work function of the hole
injection layer varies and thus there was a concern that the light emitting efficiency of the organic EL device is decreased.
Furthermore, in the case when the hole injection layer was dissolved by an alkaline solution, there was a case in which
surface roughness of the hole injection layer became large. When the surface roughness of the hole injection layer
becomes large, it becomes difficult for the functional layer to be formed on the hole injection layer to cover the entire
surface of the hole injection layer, and thus there was a case of occurrence of the short circuit of the organic EL device.
[0007] In addition, in the case when the bank was formed after the hole injection layer was formed, there was a case
in which the surface of the hole injection layer was contaminated by the residues of the bank. When the surface of the
hole injection layer was contaminated by the residues of the bank, the work function of the hole injection layer varies
and there was a concern of lowering of the light emitting efficiency of the organic EL device. In addition, since the bank
is an insulating body, when the surface of the hole injection layer is contaminated by the residues of the bank, the surface
resistance of the hole injection layer increases, and then the driving voltage of the organic EL device increases.
[0008] An object of the present invention is to provide a method for manufacturing an organic EL device with low
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driving voltage and high light emitting efficiency, by preventing the hole injection layer from dissolution and by protecting
the surface of the hole injection layer from the contamination of the residues of the bank.

Means for Solving the Problem

[0009] The present invention relates to an organic EL device and corresponding manufacturing method according to
the subject matters of claims 1 and 6.

Advantageous Effects of the Invention

[0010] According to the present invention, since the hole infusion layer is protected from dissolution by an alkaline
solution and the contamination by the residues of the bank, it is possible to obtain a hole injection layer having a constant
work function, and also to decrease the surface resistance of the hole infusion layer. For these reasons, an organic EL
device with low driving voltage and high light emitting efficiency can be provided.
[0011] In addition, according to the present invention, the generation of the region where the organic light emitting
material is not applied can be prevented in the region on the hole injection layer.

Brief Description of Drawings
[0012]

Fig. 1 is a cross-sectional view of the organic light emitting layer in the case when the bank is subjected to the
plasma treatment with a fluorine gas;

Fig.2 is a cross-sectional view of the organic light emitting layer in the case when the bank is subjected to the plasma
treatment with a fluorine gas;

Fig. 3 is a cross-sectional view of the organic EL device of the present invention;

Fig.4 is an enlarged cross-sectional view of the organic EL device of the present invention;

Fig. 5 is a cross-sectional view of the organic EL device of the embodiment 1;

Figs.6A to 6F show a manufacturing flow chart of the organic EL device of the embodiment 1;

Fig.7 is a cross-sectional view of the organic EL device of the embodiment 2;

Figs. 8A to 8F show a manufacturing flow chart of the organic EL device of the embodiment 2;

Fig.9 is a cross-sectional view of the organic EL device of the embodiment 3;

Figs. 10A to 10E show a manufacturing flow chart of the organic EL device of the embodiment 3;

Fig. 11 is a graph showing the results of the examples;

Best Mode for Carrying Out the Invention

[0013] Now, embodiments of the present invention will be described in detail with reference to the accompanying
drawings.

1. Manufacturing method of organic EL device of the present invention
[0014] The manufacturing method of the organic EL device of the invention comprises:

1) a first step to form an anode on a substrate;

2) a second step to form a hole injection layer on the anode;

3) a third step to form an inorganic film on the substrate and the hole injection layer ;

4) a forth step to form a bank on the inorganic film;

5) a fifth step to expose the hole injection layer by etching the inorganic film using the bank as a mask;

6) a sixth step to form an organic light emitting layer by applying an organic emitting material on the exposed hole
injection layer; and

7) a seventh step to form a cathode on the organic light emitting layer.

[0015] 1) In the first step, an anode is formed on the substrate. The anode may be formed, for example, by subjecting
the conductive film formed on the substrate by sputtering and the like to patterning through etching and the like, however,
the method is not limited.

[0016] 2) In the second step, a hole injection layer is formed on the anode. The material of the hole injection layer is
a transition metal oxide. The hole injection layer is formed, for example, by sputtering, on the anode.
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[0017] 3) In the third step, an inorganic film is formed on the substrate and the hole injection layer to cover the hole
injection layer. The inorganic film is formed, for example, by sputtering. It is preferable that the material of the inorganic
film has a higher wettability than that of the bank to be described later. Furthermore, the material of the inorganic film
may be either conductive or insulative.

[0018] 4) In the forth step, a bank is formed on the inorganic film. It is preferable that the bank has a forward tapered
shape. In addition, since the bank defines the region where the organic light emitting material to be described later is
applied, it is preferable that the wettability is low. For lowering the wettability of the bank, the bank may be subjected to
plasma treatment with a fluorine gas and a fluorine containing resin is used as the material of the bank.

However, in the case when the plasma treatment is conducted using a fluorine gas, fluorine does not bind to the surface
of the bank chemically, but is simply absorbed on the surface of the bank by the inter molecular force. Therefore, even
when fluorine is absorbed on the surface of the bank by the plasma treatment, there are cases in which migration of
fluorine occurs by the thermal process and the like. If fluorine having a large electron-withdrawing ability migrates, for
example, to the organic light emitting layer to be described later, there is a concern that it adversely affect the emitting
efficiency and the like by inactivating the photoluminescent exciton.

[0019] In addition, in the case when the bank is subjected to the plasma treatment using a fluorine gas, the wettability
is decreased not only on the top face of the bank, but also on the wall face of the bank. Fig.1 shows a state in which
organic light emitting material 5 to be described later is applied in the region defined by bank 4 subjected to plasma
treatment. The symbol 1 in Fig. 1 represents a substrate, the symbol 2 represents an electrode, the symbol 3 represents
an inorganic film to be described later and the symbol 6 represents a hole injection layer.

As shown in Fig.1, in the case when bank 4 is subjected to plasma treatment with a fluorine gas, since applied organic
light emitting material 5 is repelled by the wall face, the film thickness of the organic light emitting layer becomes non-
uniform. When the film thickness of the organic light emitting layer becomes non-uniform, there is a concern that the life
of the organic EL device becomes short. In addition when the organic light emitting material is repelled by the wall face
of the bank, there is a concern that the short circuit of the organic EL device occurs.

[0020] In addition, the plasma treatment with fluorine makes the plasma density non-uniform. When the plasma density
is non-uniform, dispersion of the wettability of the bank occurs among the light emitting elements. Fig 2 shows a state
in which organic light emitting material 5 to be described later is applied in the region defined by bank 4 subjected to the
plasma treatment with a fluorine gas. As shown in Fig2, in the case when bank 4 is subjected to the plasma treatment
with fluorine, affinity with organic light emitting material 5 is different by each pixel, wetting behavior of organic light
emitting material 5 differs among pixels. When wetting behavior of organic light emitting material 5 differs among pixels,
there is a concern that variatin of the thickness of the organic light emitting layer occurs among pixels. The variation of
the thickness of the organic light emitting layer among light emitting pixels causes unevenness of the brightness in the
organic EL display panel.

[0021] Therefore, it is preferable to use a fluorine containing resin as the material of the bank. This is because it is
made possible to form a bank having a surface with liquid repellency without conducting the plasma treatment, as the
material of the bank comprises a fluorine containing resin. These banks can be formed by using the photolithography
technology or the printing technology.

[0022] In the case when the bank comprising a fluorine containing resin is formed by using the photolithography
technology, a) a step to form a film of a photosensitive resin composition comprising a fluorine containing resin on the
inorganic film; and b) a step to expose and develop the film and to expose a part of the inorganic film; are involved.
For forming a film of the photosensitive resin composition comprising a fluorine containing resin on an inorganic resin
film, for example, a fluorine containing resin composition is applied by spin coating, die coating, slit coating or the like
to form a film made of a fluorine-containing resin composition, and the formed film may be subjected to drying. The
drying condition is not particularly limited, and the film may be left standing for 2 to 3 minutes at 80°C.

[0023] By subjecting the photosensitive resin composition comprising a fluorine containing resin to exposure and
development, an inorganic film in the region where the organic light emitting material to be described later is applied is
exposed. In the step of the development of the film, etching by an alkaline solution is carried out. However, in the present
invention, the hole injection layer is protected by the inorganic film, there is no concern that the hole injection layer is
dissolved by the alkaline solution.

[0024] After development, the film is subjected to baking treatment. Thereby, a bank having a surface with a desired
wettability is formed. The baking condition is not particularly limited, however, for example, the temperature is approxi-
mately 200°C or higher, and the time is approximately 1 hour.

In the case when the material of the bank comprises a fluorine containing resin, it is inferred that the bake treatment can
cause the fluorine component of the fluorine containing resin contained in the film to be transported to the face containing
the top of the bank (hereinafter, referred to as "the top face of the bank"). As a result, the fluorine component is localized
at the top face of the bank. When fluorine is localized at the top face of the bank, the wettability of the top face of the
bank is decreased, and the wettability of the face of the bank contacting with the organic light emitting layer (hereinafter,
referred to as "the wall face of the bank") becomes higher than that of the top face of the bank.
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Therefore, in the case when the material of the bank comprises a fluorine containing resin and the bank is formed by
using the photolithography technology, the wettability of the top face of the bank is decreased, and the wettability of the
wall face of the bank is increased. The wettability of the bank will be explained in detail in the chapter "2. the organic EL
device of the present invention"

[0025] As seen above, in the present invention, it is preferable to form the bank having a desired wettability by using
a fluorine-containing resin as the material, rather than by lowering the wettability of the bank by subjecting it to the plasma
treatment.

[0026] On the other hand, in the case when a resin film with a predetermined pattern is formed by using the printing
technology, it may be printed by the method such as intaglio printing, anastatic printing.

[0027] Inthe conventional manufacturing process of the organic EL device, there was a problem that the hole injection
layer having a flat surface could not be obtained, because the hole injection layer is dissolved by an etchant alkaline
solution in the development step of the bank. However, as described above, in the organic EL device of the present
invention, the hole injection layer is covered by the inorganic layer at the time of the development of the bank, the hole
injection layer is not dissolved by the alkaline solution.

[0028] 5) In the fifth step, an exposed inorganic film on the electrode is subjected to etching by using the bank as a
mask. By this step, the inorganic film on the hole injection layer is subjected to etching. By etching the inorganic film on
the hole injection layer, a hole injection layer with flatness and less surface roughness can be obtained. In addition, by
subjecting the inorganic film on the hole injection layer to etching, a hole injection layer having a clean surface which is
not contaminated by the residues of the bank can be obtained. On the other hand, the inorganic film between the bank
and the substrate remain without subjecting to etching, and defines the region where the organic light emitting material
is applied as the bank does (to be described later).

[0029] Itis preferable that the inorganic film is subjected to etching by the wet-etching method. In addition, the etchant
for etching the inorganic film is preferably acid. Because, the hole injection layer is dissolved by alkali, but the hole
injection layer has a certain degree of acid resistance. The etchant is selected depending on the kind of the inorganic
film. For example, in the case when the inorganic film is a metal, examples of the etchant include mixed acid (a liquid
in which conc.sulfuric acid and conc.nitric acid are mixed at the volume ratio of 3:1) and a ferric chloride solution.
Especially, a ferric chloride solution is preferable as the etchant of aluminum. On the other hand, in the case when the
inorganic film is silicon oxide and the like, examples of the etchant include hydrofluoric acid.

[0030] Inthe case when the inorganic film is subjected to etching by the wet-etching method, in the boundary between
the bank and the inorganic film, no difference in level is formed (see Fig.4). In addition, in the present invention it is
preferable that the bottom face of the inorganic film extends in the region where the organic light emitting material is
applied farther than the top face of the inorganic film (see Fig. 4). In other words, it is preferred that in the present
invention the inorganic film has a forward tapered shape.

[0031] 6) In the sixth step, on the exposed hole injection layer, a composition containing an organic light emitting
material is applied. The composition to be applied contains a desired organic light emitting material and a solvent. The
solvent is determined according to the kind of the organic light emitting material. Examples of the solventinclude aromatic
solvents such as anisole. The coating method is not limited particularly. Examples of the coating method include, ink-jet,
dispenser, nozzle coating, intaglio printing, anastatic printing and the like. Preferable coating means is ink-jet.

[0032] As described above, in the present invention, the wettability of the top face of the bank is low; the wettability
of the wall face of the bank is higher than that of the top face of the bank; and the wettability of the inorganic film is
further higher than that of the wall face of the bank. Therefore, the organic light emitting material applied in the region
defined by the bank and the inorganic film has affinity to the inorganic film and the wall face of the bank, and spread in
the entire region defined by the bank uniformly. Therefore, the region where the organic light emitting material is not
applied is not generated on the hole injection layer, and thus an organic light emitting layer with uniform thickness can
be formed (See Fig.3). On the other hand, because the wettability of the top face of the bank is low, there is no concern
that the solution of the organic light emitting material in the region defined by the bank leaks from the region defined by
the bank.

[0033] In addition, as described above, in this invention the bank is preferred to have a forward tapered shape.
Moreover, in this invention, difference in level is not formed between the bank and the inorganic film, and further the
inorganic film has a tapered shape. In the case when the bank and the inorganic film have such a shape, the organic
light emitting material applied in the region defined by the bank and the inorganic film becomes flat in the process of
drying, and an organic light emitting layer with an uniform thickness is obtained.

On the other hand, in the cases when difference in level is present between the bank and the inorganic film or when the
wall face of the inorganic film is perpendicular to the substrate, there is a concern that the thickness of the organic light
emitting layer becomes non-uniform in the neighborhood of the bank and the inorganic film.

[0034] Before the organic light emitting material is applied on the hole injection layer, in the region on the hole injection
layer defined by the inorganic film and the bank, a solution of the intermediate layer material containing polyaniline-based
material may be formed by the ink-jet method, the die coating method, the anastatic printing method or the like.
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[0035] 7) In the seventh step, a cathode is formed on the organic light emitting layer. The cathode is formed, for
example, by sputtering.

[0036] As seen above, in the manufacturing method of the organic device of the present invention, at the time when
the bank is formed, since the hole injection layer is protected by the inorganic film, the hole injection layer having a flat
and uncontaminated surface can be obtained. For this reason, an organic EL device having a hole injection layer with
a constant work function can be obtained.

[0037] Furthermore, according to the present invention, since the organic light emitting material is applied in the region
defined by the bank and the inorganic film, the region in which the organic light emitting material is not applied is not
present, and then the yield is improved. In addition, since difference in level is not present between the bank and the
inorganic film, an organic light emitting layer having a uniform thickness can be obtained.

[0038] 2. Organic EL device of the present invention The organic EL device of the present invention is an organic EL
device manufactured by the manufacturing method of the organic EL device of the present invention.

The organic EL device of the present invention comprises: 1) a substrate, 2) an anode arranged on the substrate, 3) a
hole injection layer arranged on the anode, 4) an organic light emitting layer arranged on the hole injection layer, 5) an
inorganic film arranged on the substrate, 6) a bank arranged on the inorganic film and 7) a cathode arranged on the
organic light emitting layer.

1) Substrate

[0039] The material of the substrate is different depending on whether the organic EL device of the present invention
is a bottom emission type or a top emission type. In the case when the organic EL device is a bottom emission type,
transparency is required for the substrate, and then examples of the material of the substrate include transparent resins
such as polyethylene terephthalate (PET), polyethylene naphthalate (PEN), polyimides (PI) and the like and glass.

On the other hand, in the case when the organic EL device is a top emission type, transparency is not required for the
substrate, and the material of the substrate may be any material so long as it is an insulating body.

Anode

[0040] The anode is a conductive member arranged on the substrate. The material of the anode is different depending
on whether the organic EL device is a bottom emission type or a top emission type.

In the case when the organic EL display panel is a bottom emission type, transparency is required for the anode, and
then examples of the material of the anode include indium tin oxide (ITO), indium zinc oxide (IZO), and tin oxides.

On the other hand, in the case when the organic EL display panel is a top emission type, reflexivity is required for the
anode, and then examples of the material of the anode include an APC alloy (an alloy of silver, palladium and copper),
ARA (an alloy of silver, rubidium and gold), MoCr (an alloy of molybudenum and chromium) and the like.

The thickness of the anode is typically from 100 to 500 nm, and it can be approximately 150 nm.

[0041] In addition, the anode may be connected to the drain electrode of the TFT device. In this case, the TFT device
functions as the driving TFT. In addition, the anode of the organic EL device may be arranged on the same plane as
that of the source electrode or the drain electrode. Of course, the organic EL device may be arranged over the TFT device.

3) Hole injection layer

[0042] The hole injection layer has a function to support the injection of holes from the anode to the organic light
emitting layer to be described later. The hole injection layer is arranged on the anode. The material of the hole injection
layer is preferably a transition metal oxide. Examples of the transition metal include tungusten, molybdenum, vanadium,
ruthenium, manganese, chromium, nickel, iridium, APC (an alloy of silver, palladium and copper) and the combination
thereof. The thickness of the hole injection layer is typically from 10 nm to 100 nm, and it can be approximately 30 nm.
[0043] As described above, according to the manufacturing method of the organic EL device of the present invention,
the residues of the bank are hardly present on the hole injection layer, because before the formation of the bank the
hole injection layer is protected by the inorganic film, and after the formation of the bank the inorganic film on the hole
injection layer is removed. As used herein "the residues of the bank are hardly present" means that the concentration
of carbon atom in the hole injection layer is 20 atom% or less, preferably 15 atom% or less. The concentration of carbon
atom may be determined by using the Electron Spectroscopy for Chemical Analysis (XPS or ESCA) Equipment.
[0044] Asdescribed above, according to the presentinvention, since the bank is formed by the composition comprising
a fluorine containing resin, and the bank is not required for the plasma treatment, fluorine atom is hardly present on the
hole injection layer. As used herein, the phrase "... hardly present..." means that the concentration of fluorine atom in
the hole injection layer is 0.1 atom% or less. The concentration of fluorine atom on the hole injection layer may be
determined by using the Electron Spectroscopy for Chemical Analysis (XPS or ESCA) equipment.
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4) Organic light emitting layer

[0045] The organic light emitting layer contains an organic light emitting material. The organic light emitting layer is
arranged in the region defined by the bank and the inorganic film (to be described later). The organic light emitting
material contained in the organic light emitting layer is preferably a high molecular weight organic light emitting material.
Examples of the high molecular weight organic light emitting material include poly(phenylene vinylene) and its derivatives,
polyacetylene and its derivatives, polyphenylene and its derivatives, polyparaphenylene ethylene and its derivatives,
poly 3-hexyl thiophene and its derivatives and polyfluorene and its derivatives.

[0046] In addition, between the hole injection layer and the organic light emitting layer, an intermediate layer may be
arranged. The intermediate layer has a role to block the transport of electrons from the organic light emitting layer to the
hole injection layer or a role to transport holes efficiently to the organic light emitting layer. Examples of the material of
the intermediate layer include triphenylamine or polyaniline.

5) Inorganic film

[0047] The organic EL device of the present invention ischaracterized by having an inorganic film on the substrate.
As described in the manufacturing method of the organic EL device of the present invention, the inorganic film should
be arranged between the bank and the substrate, because the bank is formed on the inorganic film, and the inorganic
film is subjected to etching using the bank as a mask. The inorganic film defines the region of the organic light emitting
layer as the bank does. The wettability of the inorganic film is preferably higher than that of the wall face of the bank.
The inorganic film may be in contact with or may be not in contact with the hole injection layer and the electrode. In other
words, the inorganic film may be on the hole injection layer (see Fig 5).

[0048] Examples of the material of inorganic film include metals such as chromium, nickel, copper, aluminum , silver ,
gold , platinum, APC, ITO, an AL-Nd alloy, titanium and the like, and insulating inorganic materials such as silicon, silicon
oxide, silicon nitride or silicon oxynitride. It is preferable that the material of the inorganic film is different from the afore-
mentioned material of electrode. The metal is preferable as the material of the inorganic film, from the view point of the
light blocking effect and easiness of etching. The thickness of the inorganic film is from 5 n m to 70 nm. Generally, the
inorganic film has high affinity to a liquid, and so the wettability of the inorganic film is usually higher than that of the
bank. It is preferable that the inorganic film has a wettability such that the contact angle of water is 30° or less and the
contact angle of anisole is in the range from 1 to 5°.

[0049] In the case when the inorganic film is made of metal, the inorganic film arranged between the bank and the
substrate can be a black matrix. The black matrix means a light blocking film for improving the contrast of the display
by blocking the light from the light emitting pixel (opening section) and having a function to prevent the color mixing
between the colored layer of the light emitting pixels. The light blocking inorganic film under the bank can similarly
improve the contrast of the organic EL display panel and prevent the color mixing between each pixel.

On the other hand, in the organic EL device, in the case when a light transmissive silicon layer is arranged under the
bank, there is a concern that the light leaks from the silicon layer and lowers the contrast of the pixel and the leaked
light produces improper operating signals to the neighboring driving TFT. Furthermore, in the case when the inorganic
film is made of metal, since the metal has a reflecting property, the inorganic film can also function as a reflecting mirror.
[0050] The thickness of the inorganic film consisting of the metal is not limited particularly. However, it is preferable
to have the thickness providing the light blocking property to suppress the leak of the light from the inside of the element
or the intrusion of the light from the outside into the EL element.

[0051] On the other hand, in the case when the inorganic film is made of insulating inorganic material, the inorganic
film can define the region where the organic layer emits light. By using the inorganic film made of insulating inorganic
material, for example, it is possible to prevent light emission from the organic light emitting layer at unwanted positions
such as positions over the contact holes.

6) Bank

[0052] The bank is a barrier to define the region of the organic light emitting layer. The material of the bank in the
organic EL device of the present invention comprises a fluorine-containing resin which can be developed using an
alkaline solution. The fluorine-containing resin may be those in which among the high molecular weight repeating units,
at least a part of the repeating unit has a fluorine atom.

Examples of such fluorine containing resin include a fluorinated polyimide resin, a fluorinated polymethacryl resin, a
fluorine-containing phenol novolac resin and the like. The height of the bank from the substrate is from 0.1 pumto 2 pum,
and is especially preferable from 0.8 pm to 1.2 um.

[0053] Asdescribed above,inthe presentinvention, the bank canbe prepared by baking (heating) a film of a composition
comprising a fluorine containing resin. Through the baking process, the fluorine component contained in the fluorine-con-
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taining resin can be localized on the top face of the bank, the wettability of the top face of the bank can be decreased.
The concentration of fluorine atom on the top of the bank is preferably from 7 to 20 atom%. The concentration of fluorine
atom on the top of the bank can be determined by using the Electron Spectroscopy for Chemical Analysis (XPS or ESCA)
Equipment.

[0054] The shape of the bank of the present invention may be either a forward tapered shape or a reverse tapered
shape, however, a forward tapered shape is preferable. In either case, the wettability of the top face of the bank is lower
than that of the wal | face of the bank. The contact angle between the top face of the bank and water is preferably 80°
or more, and more preferably 90° or more. The contact angle between the top face of the bank and anisole is preferably
from 30° to 70°. On the other hand, the contact angle between the wall face of the bank and anisole is preferably from
3° to 30°. The higher contact angle means the lower wettability.

[0055] As seen above, by making the wettability of the top face of the bank lower than that of the wall face of the bank,
and further by arranging an inorganic film under the bank having a higher wettability than that of the wall face of the
bank, there occurs a gradation of the wettability.

[0056] In order to demonstrate that gradation of wettability is generated in the organic EL device by the difference in
wettability between the bank and inorganic film, the top face model of the bank, the wall face model of the bank and the
inorganic film model (model 1) were prepared by the method shown below, and their wettability was determined.
[0057] The top face model of the bank of the present invention was deemed as the surface of a fluorine containing
acrylic resin subjected to the baking treatment. The wall face model was deemed as a fluorine free acrylic resin subjected
to the baking treatment. And the inorganic film model was deemed as the chromium film.

The reason for deeming the wall face model of the bank as a fluorine free acrylic resin subjected to the baking treatment
is that it is considered that in the bank of the present invention, fluorine is present only on the top face of the bank, and
is absent on the wall face of the bank.

[0058] Each film was formed on the 1x3cm substrate, and the contact angle with water was determined by using the
Automatic LC Glass Cooling/Treatment/Inspection Equipment manufactured by Kyowa Interface Science.

[0059] As comparative examples, the top face model, the wall face model of the conventional bank and the inorganic
film model (model 2) which were subjected to the plasma treatment were prepared, and each wettability was determined.
As the top face model and the wall face model of the conventional bank, a resin film comprising a phenol novolac resin
subjected to fluorine/oxygen plasma treatment (Product from Nihon Zeon, Product Name:ZWD6216-6) was employed.
As the model of the conventional inorganic film, a chromium film subjected to fluorine/plasma treatment was used.
[0060] Forthe plasma treatment, ICP dry etching equipment was used. The condition for the oxygen plasma treatment
was set as follows: RF output power 100W; Pressure 20Pa; O, flow rate 200 sccm ; Treatment time 5 sec. The condition
for the fluorine plasma treatment was set as follows: RF output power 20W; Pressure 20Pa; CF, flow rate 200 sccm;
Treatment time 5 sec.

[0061] Each film was formed on the 1x3cm substrate, and the contact angle with water was determined by using the
Automatic LC Glass Cooling/Treatment/Inspection Equipment manufactured by Kyowa Interface Science.

[0062] InTable 1, the wettability of each model determined by the above described method is shown in terms of contact
angle with water. The higher contact angle means a lower wettability.

[0063] Table 1

Bank Top Face | Bank Bottom Face | Chromium Film

Model 1 95° 58° 27°
Model 2 103° 103° 38°

[0064] In the conventional technology, the wettability of the top face of the bank and the wettability of the wall face of
the bank are both low (103°). On the other hand, it is realized that in the present invention, while the wettability of the
top face of the bank is substantially low (95°), the wettability of the wall face of the bank is high (58°). In addition, the
wettability of the conventional chromium film (contact angle with water: 38°) is lower than the wettability of the chromium
film (contact angle with water: 27°) of the present invention. The results show the bank top face, bank wall face and
inorganic film showed gradations of wettability.

Relation between Bank and Inorganic film

[0065] As described above, the present invention is characterized in that there is no difference in level between the
bank and the inorganic film. Referring to the figures, the boundary between the wall face of the bank and the wall face
of the inorganic film of the present invention will be explained.

[0066] Fig.3 is a cross-sectional view of the organic EL device of the present invention. The organic EL device of the
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present invention comprises: substrate 100; anode 210; hole injection layer 510; organic light emitting layer 600; bank
400; inorganic film 300; and cathode 220.

[0067] Fig.4 is an enlarged view of the square X shown in Fig 3. In Fig.4, organic light emitting layer 600 is not shown.
As shown in Fig.4, in this invention, there is no difference in level between bank 400 and inorganic film 300. In other
words, wall face 401 of the bank and wall face 301 of the inorganic film are continued. Here, "there is no difference in
level" means that the distance between the end portion of bottom face of the bank and the end portion of top face 305
of the inorganic film is 5um or less.

[0068] In addition, it is preferable that the taper angle A of the inorganic film is from 20 to 90°. In other words, the
inorganic film preferably does not have a reverse tapered shape. Furthermore, it is preferable that bottom face 303 of
the inorganic film extends in the region, which is defined by bank 400 and inorganic film 300, 1 nm to 300 nm away from
top face 305 of the inorganic film. In other words, bottom face 303 of the inorganic film preferably has a forward tapered
shape. The taper angle A of the inorganic film preferably equals to the taper angle B of the bank.

Such a boundary between the wall face of the bank and the wall face of the inorganic film can be obtained by subjecting
the inorganic film to etching by the wet-etching method using the bank as mask.

7) Cathode

[0069] The cathode is arranged on the organic light emitting layer. The material of the cathode is different depending
on whether the organic EL device of the present invention is a bottom emission type or a top emission type. In the case
when the organic EL device of the present invention is a top emission type, light permeability is required for the cathode,
and examples of the material of the cathode include ITO, 1ZO and the like. On the other hand, in the case when the
organic EL device of the present invention is a bottom emission type, the material of the cathode may be any so long
as it is conductive.

[0070] As seen above, according to the organic EL device of the present invention, since the hole injection layer is
flat and since it has an uncontaminated surface by the residues of the bank and fluorine, the driving voltage is low and
the light emitting efficiency is high. In addition, since the organic EL device of the present invention has an organic light
emitting layer having uniform thickness, the product lifetime is long

3. On organic EL device of the present invention

[0071] The organic EL display panel may be formed by arranging the organic EL devices of the present invention on
the same plane in a matrix.

[0072] In addition, in the case when the inorganic film is made of insulating inorganic material such as silicon and the
like, in the organic EL display panel on which the organic EL devices are arranged in a matrix, the inorganic films of the
neighboring organic EL devices may be connected. As the result of connection of the inorganic films of the neighboring
organic EL devices, the connected inorganic films constitute a grid like line device. By providing the line device, the bank
can be formed linearly. By forming the linear bank in a stripe pattern, a pattern of linear organic light emitting layers can
be formed by die coating, and an organic light emitting layer with a uniform film thickness can be formed easily.
[0073] Referring to the attached drawings, the embodiments of the present invention will be explained.

(Embodiment 1)

[0074] In Embodiment 1, a top emission type organic EL device will be explained.

Fig. 5 is a cross-sectional view of organic EL device 10 of Embodiment of the present invention.

[0075] Organic EL device 10 in Fig. 5 comprises substrate 100, reflecting anode 210, hole injection layer 510, inter-
mediate layer 520, organic light emitting layer 600, inorganic film 300, bank 400, transparent cathode 220 and sealing
film 700.

[0076] Substrate 100 is, for example, a glass plate.

[0077] Reflecting anode 210 is a conductive layer arranged on substrate 100. Reflecting anode 2 1 0 is, for example,
made of APC alloy. The thickness of reflecting anode 21 0 is preferably from 1 00 to 200 nm.

[0078] Hole injection layer 510 is arranged on reflecting anode 210. Hole injection layer 510 is consisted of tungsten
oxides (WO,). The preferable thickness of hole injection layer 5 1 0 is from 20 to 50 nm.

[0079] Intermediate layer 520 is arranged on hole injection layer 510. Intermediate layer 520 is, for example, made of
polyaniline. The preferable thickness of intermediate layer 520 is from 20 to 50 nm.

[0080] Organic light emitting layer 600 is arranged on intermediate layer 520. The preferable thickness of organic light
emitting layer 600 is from 50 nm to 150 nm.

[0081] Inorganic film 300 is arranged between substrate 1 00 and bank 400, and between reflecting anode 210 and
bank 400. The thickness of inorganic film 300 is from 5 nm to 70 nm. Inorganic film 300 defines the region of intermediate
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layer 520 and organic light emitting layer 600, as bank 400 to be described later does.

[0082] Bank 400 is arranged on inorganic film 300 such that bank 400 defines the region of intermediate layer 520
and organic light emitting layer 600. Bank 400 is made of a fluorinated methacryl resin. The preferable height of bank
400 from inorganic film 300 on the substrate is from 100 nm to 3 pm.

[0083] Transparent cathode 220 is a light transmissive conductive layer arranged on organic light emitting layer 600.
The material of transparent cathode 220 is, for example, ITO.

[0084] Sealing film 700 is provided to protect reflecting anode 210, hole injection layer 510, intermediate layer 520,
organic light emitting layer 600 and transparent cathode 220 against water, heat, impact and the like. Sealing film 700
is arranged on transparent cathode 220. Examples of the material of sealing film 700 include silicon nitride and silicon
oxynitride. The preferable thickness of sealing film 700 is from 20 nm to 200 nm.

[0085] When a voltage is applied between reflecting anode 210 and transparent cathode 220, holes from reflecting
anode 2 1 0 and electrons from transparent cathode 220 are injected in organic light emitting layer 600. The injected
holes and electrons combine in the inside of organic light emitting layer 600 and excitons are generated. By the action
ofthese excitons, organiclight emitting layer 600 emits the light, and the lightis outputted through transparent cathode 220.
[0086] In addition, inorganic film 300 of organic EL device 10 of the embodiment of the present invention does not
contact with inorganic film 300 of organic EL device 10’ as shown in Fig.5. By employing such a structure, for example,
even when inorganic film 300 is made of metal, occurrence of short circuit between organic EL device 1 0 and organic
EL device 10’ can be prevented.

[0087] Figs. 6A to 6F are a schematic view showing an example of the manufacturing process of organic EL device
10. As shown from Fig.6A to Fig.6F, the manufacturing process of organic EL device 10 comprises: 1) a first step to
provide substrate 100 having reflecting anode 210 and hole injection layer 510 (Fig.6A); 2) a second step to forminorganic
film 300 on substrate 100 such that the inorganic film covers hole injection layer 510 (Fig.6B); 3) a third step to form
bank 400 on inorganic film 300 (Fig. 6C); 4) a fourth step to expose hole injection layer 510 by etching inorganic film
300 using bank 400 as a mask (Fig.6D); 5) a fifth step to form intermediate layer 520 on hole injection layer 510 (Fig.
6E); 6) a sixth step to form on intermediate layer 520, organic light emitting layer 600, transparent cathode 220 and
sealing film 700 in this order (Fig.6F).

[0088] In the first step, for example, a) a step to form a film of the material of reflecting anode 210 on substrate 100
by the vapor-deposition method, sputtering and the like; b) a step to form the film of the material of hole injection layer
510 on the film of the material of reflecting anode 210 by the vapor-deposition method, sputtering and the like; and c) a
step to subject reflecting anode 210 and hole injection layer 510 to patterning by etching are included.

[0089] 2) In the second step, inorganic film 300 is formed, for example, by sputtering.

[0090] 3) In the third step, bank 400 is formed on inorganic film 300 such that inorganic film 300 on hole injection layer
510 is exposed. Bank 400 is formed, for example, by the photolithography method. Inorganic film 300 formed on hole
injection layer 510 protect hole injection layer 510 from an alkaline solution which is the etchant in the formation of bank
400. This prevents hole injection layer 510 from dissolution by the alkaline solution.

Furthermore, inorganic film 300 protects the surface of hole injection layer 510 from the residues of the bank. This
prevents the surface of hole injection layer 510 from the contamination by the residues of the bank.

[0091] 4) In the forth step, inorganic film 300 is subjected to wet-etching using hydrofluoric acid.

[0092] 5)Inthefifth step, intermediate layer 520 is formed on hole injection layer 510, for example, by the ink-jet method.
[0093] 6) In the sixth step, organic light emitting layer 600 is formed on intermediate layer 520, for example, by the
ink-jet method. Furthermore, transparent cathode 220 is formed, for example, by the vapor-deposition method, and
sealing film 700 is formed, for example, by the CVD (Chemical 1 Vapor Deposition) method.

[0094] As seen above, by protecting the hole injection layer with the inorganic film at the time of forming the bank, the
hole injection layer having a flat and uncontaminated surface can be obtained. Since such a hole injection layer has a
constant work function and a low surface resistance, an organic EL device with low driving voltage and high light emitting
efficiency can be provided.

In addition, by forming the bank using a fluorine containing resin, fluorine plasma treatment of the bank can be omitted,
and an organic light emitting layer with a flat surface and uniform thickness can be obtained.

[0095] In addition, by making the wettability of the top face of bank 400 lower than that of the wall face of bank 400
and by arranging inorganic film 300 having the wettability higher than that of the wall face of bank 400 between bank
400 and substrate 100, an organic light emitting layer with a uniform thickness can be obtained.

(Embodiment 2, not forming part of the present invention)
[0096] In Embodiment 1, the organic EL device with which the hole injection layer and the inorganic film are in contact
each other was explained. On the other hand, in Embodiment 2, an organic EL device will be described in which the

hole injection layer and the inorganic film are separated.
[0097] Fig.7 is a cross-sectional view of organic EL device 20 of Embodiment 2. In Fig.7, the organic EL device
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comprises: substrate 100; reflecting anode 210; hole injection layer 510; intermediate layer 520; organic light emitting
layer 600; electron transporting layer 530; transparent cathode 220; sealing film 520; bank 400; and inorganic film 300.
[0098] Materials and the like of substrate 100, reflecting anode210, inorganic film 300, hole injection layer 510, inter-
mediate layer 520, organic light emitting layer 600, transparent cathode 220, film 700 and bank 400 may be the same
as explained in Embodiment 1.

[0099] Electron transporting layer 530 is a layer to transport electrons injected from transparent cathode 220 to organic
light emitting layer 600. Electron transporting layer 530 is arranged between organic light emitting layer 600 and trans-
parent cathode 220. Examples of the material of electron transporting layer 530 include barium, aluminum, phthalocy-
anine, lithium fluoride and the combination thereof. Preferable electron transporting layer 530 is a multilayer comprising
a barium layer of from 1 nm to 20 nm and an aluminum layer of from 20 nm to 100 nm.

[0100] In this embodiment, inorganic film 300 is separated from reflecting anode 210. Therefore, in the case when
inorganic film 300 is a metal, even when the inorganic film contacts with neighboring inorganic films of the other organic
EL devices, there occurs no short circuit between the devices.

[0101] Figs. 8A to 8F are a schematic view showing an example of the manufacturing process of organic EL display
panel 20. As shown in Figs. 8A to 8F, the manufacturing method of organic EL display panel 20 comprises: 1) a first
step to provide substrate 100 having reflecting anode 210 and hole injection layer 510 (Fig.8A); 2) a second step to
prepare inorganic film 300 on substrate 100 such that the film 300 covers hole injection layer 510 (Fig. 8B); 3) a third
step to form bank 400 on inorganic film 300 (Fig.8C); 4) a fourth step to expose hole injection layer 510 by etching
inorganic film 300 (Fig. 8D); 5) a fifth step to form intermediate layer 520 such that the intermediate layer covers hole
injection layer 510 (Fig. 8E); 6) a sixth step to form organic light emitting layer 600, electron transporting layer 530,
transparent cathode 220 and sealing layer 700 (Fig.8F).

[0102] The method of forming reflecting anode 210, hole injection layer 510, inorganic film 300, bank 400, intermediate
layer 520, organic light emitting layer 600, transparent cathode 220 and sealing layer 700 may be identical to the method
explained in the manufacturing method of the organic EL device of Embodiment 1. In addition, electron transporting
layer 530 is formed, for example, by the vapor-deposition method.

(Embodiment 3, not forming part of the present invention)

[0103] As explained in Embodiments 1 and 2, the hole injection layer of the present invention is preferably oxides of
the transition metal, however, the material of the hole injection layer may be PEDOT-PSS (polyethylene dioxythiophen
doped with polystyrenesulfonate). In the case when the material of hole injection layer is PEDOT-PSS, the surface of
the anode can be protected from the contamination of the residues of the bank.

In Embodiment 3, a case in which the material of hole injection layer is PEDOT-PSS (polyethylene dioxythiophen doped
with polystyrenesulfonate) will be explained. Fig.9 is a cross-sectional view of organic E L device 3 0 of Embodimentt3 .
[0104] Organic EL device 30 in Fig.9 comprises: substrate 100, transparent anode 210, hole injection layer 510,
intermediate layer 520, organic light emitting layer 600, inorganic film 300, bank 400, cathode 220 and sealing film 700.
[0105] The material of substrate 100, intermediate layer 520, organic light emitting layer 600, inorganic film 300, bank
400, cathode 220 and sealing film 700 may be identical to that explained in Embodiment 1.

[0106] Transparent anode 210 is a light transmissive conductive layer arranged on substrate 100. Transparent anode
210 is ITO film with the thickness, for example, of from 100 nm to 200 nm.

[0107] Holeinjection layer 510 is arranged in the region defined by bank 400 on transparent anode 210. Hole injection
layer 510 is made of, for example, PEDOT-PSS (polyethylene dioxythiophen doped with polystyrenesulfonate). The
preferable thickness of hole injection layer 510 is from 20 nm to 50 nm.

[0108] Cathode 220 is a light reflective conductive layer arranged on organic light emitting layer 600. The material of
cathode 220 is not limited particularly so long as it is light reflective. Cathode 220 is formed of, for example, a barium
layer of from nm to 20 nm in thickness or a lithium fluoride layer of from 20 nm to 100 nm in thickness.

[0109] Figs. 10A to 10E are a schematic diagram showing an example of the manufacturing process of organic EL
device 30. As shown in Fig. 10A to Fig. 10E, the manufacturing process of organic EL device 30 comprises: 1) a first
step to provide substrate 100 on which anode 210 is arranged (Fig.10A); 2) a second step to form inorganic film 300
such that the inorganic film 300 covers transparent anode 210 on substrate 100 (Fig. 10B); 3) a third step to form bank
400 on inorganic film 300 (Fig. 10C); 4) a fourth step to expose transparent anode 210 by subjecting inorganic film 300
to etching by using bank 400 as a mask (Fig.10D); 5) a fifth step to form hole injection layer 510 on transparent anode
210, intermediate layer 520, organic light emitting layer 600, transparent anode and sealing layer 700 (Fig. 10E).
[0110] The method of forming inorganic film 300, bank 400, intermediate layer 520, organic light emitting layer 600
and sealing layer 700 may be identical to the method explained in the manufacturing method of the organic EL device
of Embodiment 1.

[0111] Transparent anode 210 is formed , for example, by sputtering. Hole injection layer 510 is formed in the region
defined by bank 400, for example, by the ink-jet method. Cathode 220 is formed, for example, by sputtering.
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[0112] As seen above, by protecting the anode with the inorganic film, cleanness of the surface of the anode can be
kept. Since the work function of the anode having a clean surface is constant, an organic EL device with high light
emitting efficiency can be provided.

(Example)

[0113] For showing that a hole injection layer whose surface is not contaminated with the residues of the bank can
be obtained by the method of the present invention, following experiments were conducted.

[0114] On the glass substrate of 6 inch in diameter, a chromium film (50 nm in thickness) was formed by sputtering.
On the chromium film formed on the glass substrate, a coating film (1m in thickness) of a photosensitive fluorine-based
acrylic resin (polyacrylic acid in which the hydrogen of the ethylene chain is replaced with a fluorine) was formed. The
coating film was subjected to patterning by the photolithography method (applying the material, pre-baking, exposure
to light, development, post-baking), and a bank was formed to expose a part of the chromium film. Then, the exposed
part of the chromium film on the substrate was subjected to wet-etching using mixed acid to expose a part of the glass
substrate. In this way, the model (model 1) of exposed substrate of the present invention was obtained.

[0115] The element ratio on the glass substrate surface exposed by etching of the chromium film was determined by
X-ray Photoelectron Spectroscopy (XPS). The results are shown in Table 2. The XPS measurement was conducted in
the energy range of from 0eV to 1400 eV.

(Comparative experiment)

[0116] Without forming the chromium film, the bank was formed on the glass substrate similarly to model 1, and by
exposing a part of the glass substrate, a model (model 2) of the conventional technology was formed. The element ratio
on the exposed glass substrate surface was determined by X-ray Photoelectron Spectroscopy (XPS). The results are
shown in Table 2.

[0117] InTable 2, C represents carbon content (atom%), and F represents fluorine content (atom%). While the carbon
content on the glass substrate of model 2 is 28.1 atom %, the carbon content on the glass substrate of model 1 is 14.2
atom%, which is approximately 1/2 of the former. In addition, while the fluorine content on the glass substrate of model
2 is 1.1 atom%, the fluorine content on the glass substrate of model 1 is less than 0.1 atom%, which is 1/10 or less of
the former.

From these results, it was shown that, according to the method of the present invention, a hole injection layer having
a surface which is not contaminated with the residues of the bank can be obtained.

[0118] Table 2

C F Others
Model 1 | 14.2 <0.1 85.8
Model 2 | 28.1 1.1 70.7

Examples

[0119] By referring to examples, the organic EL device of the present invention will be explained. The examples below
are not intended to limit the scope of the present invention.

[0120] On the glass substrate of 30 mm x 30 mm, an anode (ITO film with thickness of 80 nm) was formed by sputtering.
Then the hole injection layer (a tungsten oxide film with thickness of 50 nm) was formed on the glass substrate and the
ITO film by the sputtering method. Then, the inorganic film (a chromium film with thickness of 50 nm) was formed by
sputtering such that the inorganic film covers the hole injection layer. Then, on the inorganic film, a coating film (thickness:
1pum) of a photosensitive fluorine-based acrylic resin was formed. The coating film was subjected to patterning by the
photolithography method (applying the material, pre-baking, exposure to light, development, post-baking) and the bank
for exposing a part of the inorganic film was formed. Then, using the bank as a mask, the hole injection layer (a tungsten
oxide film) was exposed by subjecting the inorganic film to wet-etching using mixed acid.

[0121] Then, on the exposed hole injection layer, a compound containing triphenylamine was applied by the spin-
coating method, and the obtained coating film was baked to form the intermediate layer(thickness: 20 nm). Then, a
fluorene-based compound was applied by the spin-coating method, and the obtained coating film was baked to form an
organic light emitting layer (thickness:80 nm).

[0122] Then, a barium film (thickness:5 nm) and an aluminum film (thickness: 120 nm) were formed and the electron
transporting layer and the cathode were formed. Finally, the sealing film was attached by using a UV curing adhesive
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to seal the organic EL device.
The driving voltage and the light emitting efficiency of the organic EL device prepared in this manner are shown in Fig. 11.

(Comparative example)

[0123] In the comparative example, the organic EL device was prepared by the same method as that of the examples
except that a step to form the inorganic film and a step to etch the inorganic film are not involved. The driving voltage
and the light emitting efficiency of the obtained organic EL device are shown in Fig. 11.

(Reference)

[0124] The sample for evaluating dispersion of the values of measurement was prepared as below.

On the glass substrate of 30 mm x 30 mm, an ITO film was formed by sputtering. Then, on the glass substrate and on
the ITO film (thickness:80 nm), PEDOT-PSS (polyethylene dioxythiophen doped with polystyrenesulfonate) was applied
by the spin-coating method, and the obtained coating film was baked to form the hole injection layer (thickness: 65 nm).
Then, a compound containing triphenyl amine was applied by the spin-coating method, and the obtained coating film
was baked to form the intermediate layer (thickness: 20 nm). Then, a fluorene-based compound was applied by the
spin-coating method, and the obtained coating film was baked to form an organic light emitting layer (thickness:80 nm).
[0125] Then, a barium film (thickness:5 nm) and an aluminum film (thickness:120 nm) were formed by the vapor
deposition method and the electron transporting layer and the cathode were formed. Finally, the sealing film was attached
by using a UV curing adhesive to seal the organic EL device.

[0126] As shown in the graph of Fig. 11, it is realized that the error of the light emitting efficiency is = 1 cd/A, and the
error of the driving voltage of the reference is approximately = 0.15 V.

[0127] In addition, as shown in the graph of Fig. 11, the driving voltage of the organic EL device of the example
(approximately 6.9V) is lower than the driving voltage of the organic EL device of the comparative example (approximately
8.1V). There was no significant difference in the light emitting efficiency between the organic EL device of the example
and that of the comparative example.

[0128] The results shown in Fig. 11 suggests that by protecting the hole injection layer against an alkaline solution by
an inorganic film, and by removing the inorganic film on the hole injection layer after the formation of the bank, an organic
EL device with low driving voltage can be provided.

[0129] As the causes of higher driving voltage of the organic EL device of the comparative example than that of the
organic EL device of the example, it is considered that in the organic EL device of the comparative example, the surface
resistance of the hole injection layer is increased for the reason that a large amount of carbon and fluorine are present
on the hole injection layer, and the hole injection layer was dissolved by treatment with an alkaline solution at the time
of development, and the work function of the hole injection layer was changed.

On the other hand, in the organic EL device of the example, since the hole injection layer is protected by the inorganic
film atthe time of development, the hole injection layer is not dissolved by the alkaline solution and also is not contaminated
by the residues of the bank or fluorine. Therefore, it is considered that the driving voltage of the organic EL device of
the example becomes lower than that of the organic EL device of the comparative example.

[0130] This application claims priority of Japanese Patent Application 2007-318978 filed on December 10, 2007.

Industrial Applicability

[0131] According to the manufacturing method of the organic EL device of the present invention, it is possible to
manufacture an organic EL device having lower driving voltage, higher light emitting efficiency and longer life.
[0132]

. Substrate

. Electrode

. Inorganic film

. Bank

. Organic light emitting material
6. Hole injection layer

10, 10’, 20, 30, Organic EL device
100 Substrate

210 Anode

220 Cathode

300 Inorganic film

a b ON =
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400 Bank

510 Hole injection layer

520 Intermediate layer

530 Electron transporting layer
600 Organic light emitting layer
700 Sealing layer

Claims
1. Anorganic EL device comprising:

a substrate (100);

an anode (210) arranged on the substrate (100);

a hole injection layer (510) made of transition metal oxide arranged on the anode (210);

an organic light emitting layer (600) arranged on the hole injection layer (510), ;

a cathode (220) arranged on the organic light emitting layer (600);

an inorganic film (300) arranged on the substrate (100), having a thickness of 5 nm to 70 nm and covering a
part of the hole injection layer (510); and

a bank (400) which comprises a fluorine-containing resin and is arranged on the inorganic film (300); wherein
the wettability of the top face of the bank (400) is lower than that of the wall face of the bank (400); and

the wettability of the wall face of the bank (400) is lower than that of the inorganic film (300);

the bank (400) and the inorganic film (300) define a region of the organic light emitting layer (600);

no difference in level is present in the boundary between the bank (400) and the inorganic film (300); and

the bottom face of the inorganic film (300) extends in the region defined by the bank (400) and the inorganic
film (300) farther than the top face of the inorganic film (300).

2. The organic EL device according to claim 1, wherein the bank (400) has a forward tapered shape.
3. The organic EL device according to claim 1 or claim 2, wherein:

the material of the inorganic film (300) is selected from the group consisting of silicon, silicon oxide, silicon
nitride and silicon oxynitride.

4. The organic EL device according to claim 1 or claim 2, wherein:

the material of the inorganic film (300) is selected from the group consisting of chromium, nickel, copper,
aluminum, silver, gold, platinum, APC, ITO, AL-Nd alloy, and titanium.

5. An organic EL display panel comprising two or more organic EL devices according to claim 1 or claim 2 arranged
on the same plane, wherein:

the material of the inorganic film (300) is selected from the group consisting of silicon, silicon oxide, silicon
nitride, and silicon oxynitride;

the inorganic films of the neighboring organic EL devices are connected to each other;

and

the connected inorganic films form a grid.

6. A manufacturing method of an organic EL device according to claim 1 comprising:

forming an anode (210) on a substrate (100);

forming a hole injection layer (510) made of transition metal oxide on the anode (210);

forming an inorganic film (300) having a thickness of 5 nm to 70 nm on the substrate (100) and the hole injection
layer (510);

forming a bank (400) on the inorganic film (300) such that at least a part of the inorganic film (300) formed on
the hole injection layer (510) is exposed;

exposing the hole injection layer (510) by etching the inorganic film (300) at the exposed part using the bank
(400) as a mask;
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forming an organic light emitting layer (600) by applying an organic emitting material on the exposed hole
injection layer(510); and
forming a cathode (220) on the organic light emitting layer (600).

7. The manufacturing method of the organic EL device according to claim 6, wherein:

the material of the inorganic film (300) is selected from the group consisting of chromium, nickel, copper,
aluminum, silver, gold, platinum, APC, ITO, AL-Nd alloy, and titanium; and
the inorganic film (300) is subjected to etching using mixed acid.

8. The manufacturing method of the organic EL device according to claim 6, wherein:

the material of the inorganic film (300) is selected from silicon, silicon oxide, silicon nitride, and silicon oxynitride;
and
the inorganic film (300) is subjected to etching using hydrofluoric acid.

9. The manufacturing method of the organic EL device according to any one of claims 6 to 8, wherein:

the bank (400) is formed by the photolithography method.

Patentanspriiche
1. Organische Elektrolumineszenz-Anordnung, die umfasst:

ein Substrat (100),

eine Anode (210), die auf dem Substrat (100) angeordnet ist,

eine Lochinjektionsschicht (510), die aus einem Ubergangsmetalloxid ausgebildet ist und

auf der Anode (210) angeordnet ist,

eine organische Lichtemissionsschicht (600), die auf der Lochinjektionsschicht (510) angeordnet ist,

eine Kathode (220), die auf der organischen Lichtemissionsschicht (600) angeordnet ist,

ein anorganischer Film (300), der auf dem Substrat (100) angeordnet ist, eine Dicke von 5 nm bis 70 nm aufweist
und einen Teil der Lochinjektionsschicht (510) bedeckt, und

eine Bank (400), die aus einem fluorhaltigen Kunstharz besteht und auf dem anorganischen Film (300) ange-
ordnet ist,

wobei die Benetzbarkeit der oberen Flache der Bank (400) geringer ist als diejenige der Wandflache der Bank
(400), und

die Benetzbarkeit der Wandflache (400) geringer ist als diejenige des anorganischen Films (300),

wobei die Bank (400) und der anorganische Film (300) einen Bereich der organischen Lichtemissionsschicht
(600) definieren,

keine Niveaudifferenz an der Grenze zwischen der Bank (400) und dem anorganischen Film (300) vorhanden
ist, und

sich die untere Flache des anorganischen Films (300) weiter in den durch die Bank (400) und den anorganischen
Film (300) definierten Bereich erstreckt als die obere Flache des anorganischen Films (300).

2. Organische Elektrolumineszenz-Anordnung nach Anspruch 1, wobei die Bank (400) eine sich nach vorne verjin-
gende Form aufweist.

3. Organische Elektrolumineszenz-Anordnung nach Anspruch 1 oder 2, wobei:

das Material des anorganischen Films (300) aus der Gruppe gewahlt wird, die Silicium, Siliciumoxid, Siliciumnitrid
und Siliciumoxynitrid umfasst.

4. Organische Elektrolumineszenz-Anordnung nach Anspruch 1 oder 2, wobei:

das Material des anorganischen Films (300) aus der Gruppe gewahlt wird, die Chrom, Nickel, Kupfer, Aluminium,
Silber, Gold, Platin, APC, ITO, eine Al-Nd-Legierung und Titan umfasst.
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5. Organisches Elektrolumineszenz-Anzeigepaneel, das zwei oder mehr organische Elektrolumineszenz-Anordnun-
gen nach Anspruch 1 oder 2 umfasst, die in derselben Ebene angeordnet sind, wobei:

das Material des anorganischen Films (300) aus der Gruppe gewahlt wird, die Silicium, Siliciumoxid, Siliciumnitrid
und Siliciumoxynitrid umfasst,

die anorganischen Filme der benachbarten organischen Elektrolumineszenz-Anordnungen miteinander ver-
bunden sind, und

die verbundenen anorganischen Filme ein Gitter bilden.

6. Herstellungsverfahren fir eine organische Elektrolumineszenz-Anordnung nach Anspruch 1, das folgende Schritte
umfasst:

Ausbilden einer Anode (210) auf einem Substrat (100),

Ausbilden einer Lochinjektionsschicht (510) aus einem Ubergangsmetalloxid auf der Anode (210),

Ausbilden eines anorganischen Films (300) mit einer Dicke von 5 nm bis 70 nm auf dem Substrat (100) und
der Lochinjektionsschicht (510),

Ausbilden einer Bank (400) auf dem anorganischen Film (300), sodass wenigstens ein Teil des auf der Lochin-
jektionsschicht (510) ausgebildeten anorganischen Films (300) freigelegt wird,

Freilegen der Lochinjektionsschicht (510) durch das Atzen des anorganischen Films (300) an dem freigelegten
Teil, wobei die Bank (400) als eine Maske verwendet wird,

Ausbilden einer organischen Lichtemissionsschicht (600) durch das Auftragen eines organischen Emissions-
materials auf die freigelegte Lochinjektionsschicht (510), und

Ausbilden einer Kathode (220) auf der organischen Lichtemissionsschicht (600).

7. Herstellungsverfahren fir eine organische Elektrolumineszenz-Anordnung nach Anspruch 6, wobei:

das Material des anorganischen Films (300) aus der Gruppe gewahlt wird, die Chrom, Nickel, Kupfer, Aluminium,
Silber, Gold, Platin, APC, ITO, eine Al-Nd-Legierung und Titan umfasst, und
der anorganische Film (300) einem Atzen unter Verwendung einer gemischten Saure unterworfen wird.

8. Herstellungsverfahren fir eine organische Elektrolumineszenz-Anordnung nach Anspruch 6, wobei:

das Material des anorganischen Films (300) aus der Gruppe gewahlt wird, die Silicium, Siliciumoxid, Siliciumnitrid
und Siliciumoxynitrid umfasst, und
der anorganische Film (300) einem Atzen unter Verwendung einer Fluorwasserstoffsaure unterworfen wird.

9. Herstellungsverfahren fiir eine organische Elektrolumineszenz-Anordnung nach einem der Anspriiche 6 bis 8, wobei:

die Bank (400) durch ein Photolithographieverfahren ausgebildet wird.

Revendications
1. Dispositif électroluminescent, EL, organique comprenant :

- un substrat (100) ;

- une anode (210) agenceée sur le substrat (100) ;

- une couche d’injection de trous (510) faite en un oxyde d’'un métal de transition agencé sur I'anode (210) ;

- une couche luminescente organique (600) agenceée sur la couche d’'injection de trous (510) ;

- une cathode (220) agencée sur la couche luminescente organique (600) ;

- un film inorganique (300) agencé sur le substrat (100), ayant une épaisseur de 5 a 70 nm et couvrant une
partie de la couche d’injection de trous (510) ; et

- un bord (400) qui comprend une résine contenant du fluor et est agencé sur le film inorganique (300) ; dans
lequel :

- la mouillabilité de la face supérieure du bord (400) est inférieure a celle de la face de la paroi du bord (400) ; et
- la mouillabilité de la face de la paroi du bord (400) est inférieure a celle du film inorganique (300) ;

- le bord (400) et le film inorganique (300) définissent une région de la couche luminescente organique (600) ;
- aucune différence de niveau n’est présente dans la limite entre le bord (400) et le film inorganique (300) ; et
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- la face inférieure du film inorganique (300) s’étend dans la région définie par le bord (400) et le film inorganique
(300) plus loin que la face supérieure du film inorganique (300).

Dispositif EL organique selon la revendication 1, dans lequel le bord (400) a une forme conique effilée vers I'avant.
Dispositif EL organique selon la revendication 1 ou la revendication 2, dans lequel :

- le matériau du film inorganique (300) est sélectionné parmi le groupe constitué par le silicium, un oxyde de
silicium, un nitrure de silicium et un oxynitrure de silicium.

Dispositif EL organique selon la revendication 1 ou la revendication 2, dans lequel :

- le matériau du film inorganique (300) est sélectionné parmi le groupe constitué par le chrome, le nickel, le
cuivre, 'aluminium, I'argent, I'or, le platine, un APC, un ITO, un alliage AL-Nd et le titane.

Panneau d’affichage EL organique comprenant deux ou davantage de dispositifs EL organiques selon la revendi-
cation 1 ou la revendication 2 agencés dans le méme plan, dans lequel :

- le matériau du film inorganique (300) est sélectionné parmi le groupe constitué par le silicium, un oxyde de
silicium, un nitrure de silicium et un oxynitrure de silicium ;

- les films inorganiques des dispositifs EL organiques voisins sont connectés les uns aux autres ;

et

- les films inorganiques connectés forment un réseau.

Procédé de fabrication d’un dispositif EL organique selon la revendication 1, comprenant les étapes consistant a :

- former une anode (210) sur un substrat (100) ;

- former une couche d’injection de trous (510) faite en un oxyde d’'un métal de transition sur I'anode (210) ;

- former un film inorganique (300) ayant une épaisseur de 5 a 70 nm sur le substrat (100) et la couche d’injection
de trous (510) ;

- former un bord (400) sur le film inorganique (300) de telle sorte qu’au moins une partie du film inorganique
(300), formé sur la couche d’injection de trous (510), soit exposée ;

- exposer la couche d’injection de trous (510) par gravure chimique du film inorganique (300) a la partie exposée
en utilisant le bord (400) comme masque ;

- former une couche luminescente organique (600) en appliquant un matériau luminescent organique sur la
couche d’injection de trous (510) exposeée ; et

- former une cathode (220) sur la couche luminescente organique (600).

Procédé de fabrication d’un dispositif EL organique, selon la revendication 6, pour lequel :

- le matériau du film inorganique (300) est sélectionné parmi le groupe constitué par le chrome, le nickel, le
cuivre, 'aluminium, I'argent, I'or, le platine, un APC, un ITO, un alliage AL-Nd et le titane ;

et

- le film inorganique (300) fait I'objet d’'une gravure chimique utilisant des acides mélangés.

8. Procédé de fabrication d’un dispositif EL organique, selon la revendication 6, pour lequel :

- le matériau du film inorganique (300) est sélectionné parmi le silicium, un oxyde de silicium, un nitrure de
silicium et un oxynitrure de silicium ; et
- le film inorganique (300) fait 'objet d’'une gravure chimique utilisant I'acide fluorhydrique.

9. Procédé de fabrication d’un dispositif EL organique, selon I'une quelconque des revendications 6 a 8, pour lequel :

- le bord (400) est formé par le procédé de photolithographie.
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