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ORGANIC ELECTROLUMINESCENT PANEL
AND METHOD FOR PRODUCING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to an organic elec-
troluminescent panel (hereinafter referred to as organic EL
panel) in which a plurality of organic electroluminescent
elements (hereinafter referred to as organic EL elements) are
distributed, for example, in a matrix shape or in a strip shape,
and a method for producing the same.

BACKGROUND ART

[0002] Each of the organic EL elements has a plurality of
organic layers (organic material layers) made of an organic
compound having charge-transporting properties between an
anode and a cathode, and is a luminus element containing at
least one light-emitting layer in the organic layers.

[0003] There has been known a method for producing an
organic EL, panel which includes a step of forming a bank
(organic insulator film, or the like) on a substrate to partition
areas for respective organic EL elements and a step of paint-
ing the areas for respective light-emitting layers and organic
layers with different liquids by an inkjet method in which a
liquid containing organic materials is ejected from a nozzle
and supplied in a fine flow shape to each of the areas.

[0004] For example, Patent Literature 1 discloses bank
structures which each define the periphery of at least one well
and in which one or more of a charge-transporting material, a
charge-injecting material, a light-filtering material, and a
light-emitting material are disposed. The bank structures are
each a structure which defines the periphery of at least one
electrode and does not extend to the periphery of an adjacent
electrode.

[0005] Patent Literature 2 discloses a bank structure in
which an intermediate groove is disposed between banks of
adjacent EL elements to prevent liquids from mixing with
each other.

CITATION LIST

Patent Literatures

[0006] Patent Literature 1: Japanese Patent Application
Laid-Open No. 2010-504608

[0007] Patent Literature 2: Japanese Patent Application
Laid-Open No. 2004-527088
SUMMARY OF INVENTION
Technical Problem

[0008] In order to prevent liquids to be separately applied
by an inkjet method from mixing with each other, a bank is
disposed so as to surround an electrode on a light extraction
side of an organic EL element and subjected to a water repel-
lent treatment, or a liquid-repellent bank is formed. Thus, the
applied liquid does not spread beyond a light-emitting area. In
order to impart water repellency to a bank, the surface of the
bank is coated with fluorine. When a lyophilic bank is coated
with fluorine, it is known that a gas containing fluorine is
decomposed by plasma with a vacuum plasma device or an
atmospheric-pressure plasma device to coat the surface of the
bank with fluorine.

[0009] In order to thus form a water-repellent bank on a
substrate side in this manner, the number of steps is increased.

Jul. 17,2014

Further, it is known that a fluorine-containing water-repellent
bank is used. In this case, there may be problems of patterning
properties and a residue. In particular, the presence of a resi-
due results in problems of leak and abnormal film thickness
due to water repellency of the residue.

[0010] In order to cope with the problems, a method for
separately coating lyophilic banks will be considered. How-
ever, when a coating liquid applied is spread over each of the
lyophilic banks, the coating liquids may be mixed on adjacent
cells. Therefore, it is difficult that the coating liquid is sepa-
rately applied to the Iyophilic banks by a wet coating method.

[0011] FIG. 1 shows a process for producing an organic EL
panel in accordance with a conventional inkjet method. A
substrate 1 made of glass or the like is first prepared, and an
anode 2 made of ITO or the like and an auxiliary electrode BU
are formed on the substrate (FIG. 1(a)). An insulation bank
BK is formed so as to surround the anode 2 in a photolithog-
raphy step (FIG. 1(b)). A coating liquid Lq that is a material
solution constituting an organic layer is applied to the inside
of an aperture defined by the bank BK (FIG. 1(c)). After that,
the coating liquid is dried to form an organic layer LY (FIG.
1(d)). The steps of applying and drying corresponding coat-
ing liquids are successively repeated according to each
organic layer satisfying a function, to form a multi-layered
organic layer MLY (FIG. 1(e)). After the formation of the
organic layer, a cathode metal film 9 is formed by vapor
deposition or the like (FIG. 1(f)). Subsequently, a sealing step
not shown in the drawings is performed to obtain an organic
EL panel.

[0012] In the conventional method for producing an
organic EL panel as described above, a bank BK is necessary.
For example, when the sub-pitch Sp for organic EL elements
is 500 um and the width BKW of a bank BK is 100 pm, the
width OW of an aperture is 400 um, and the aperture ratio
(OW/Sp) is 80%.

[0013] The present invention has been made under the cir-
cumstances. An object of the present invention is to provide
an organic EL panel including an organic layer formed by a
coating step while having a high aperture ratio and, and a
method for producing the same.

Solution to Problem

[0014] The present inventor has investigated to achieve the
above-described object, and as a result, found that the behav-
ior of a coating liquid is restricted by the shape of an elec-
trode. A bank between elements is eliminated by the use of a
specifically shaped electrode for an organic EL element.
Thus, the present invention has been completed.

[0015] The method for producing an organic electrolumi-
nescent panel according to the present invention includes: a
first step of arraying and distributing a plurality of first elec-
trodes on or above a substrate; a second step of forming
stacking bodies each composed of a plurality of organic lay-
ers including a light-emitting layer on or above respective top
faces of the first electrodes; and a third step of forming
organic electroluminescent elements by forming second elec-
trodes respectively on or above the stacking bodies. In the
method for producing an organic electroluminescent panel,
the first electrode is formed in the first step so as to be a
conductive body having an angled edge portion forming a
edge line surrounding the top face itself, and the second step
includes a step of supplying at least a liquid having a light-
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emitting organic material that is ejected from a nozzle and
supplied in a fine flow shape to the organic layer on the top
face.

[0016] The organic electroluminescent panel according to
the present invention comprises organic electroluminescent
elements, wherein the organic electroluminescent elements
include a plurality of first electrodes that are arrayed and
formed on a substrate; stacking bodies each including a plu-
rality of organic layers that are stacked on the top face of each
of the first electrodes and include a light-emitting layer; and
second electrodes formed on the respective stacking bodiess.
In the organic electroluminescent element, each of the first
electrodes is a conductive body having an angled edge portion
forming a edge line surrounding the top face itself, and
[0017] the light-emitting layer is formed of dryed material
derived from at least a liquid having a light-emitting organic
material that is ejected from a nozzle and supplied in a fine
flow shape to the organic layer on the top face.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 1is a cross-sectional view of part of an inter-
mediate production structure of an organic EL panel obtained
by steps in the conventional process for producing an organic
EL panel.

[0019] FIG. 2 is a cross-sectional view of part of an inter-
mediate production structure of an organic EL panel obtained
by steps in a process for producing an organic EL panel in an
embodiment according to the present invention.

[0020] FIG. 3 is a schematic partial cross-sectional view of
an organic EL panel obtained by the process for producing an
organic EL. panel in another embodiment according to the
present invention.

[0021] FIG. 4 is a schematic partial cross-sectional view of
an organic EL panel obtained by the process for producing an
organic EL panel in still another embodiment according to the
present invention.

[0022] FIG.5is a schematic partial cross-sectional view of
a sample substrate illustrating a state where a droplet of a
coating liquid adheres to a first electrode.

[0023] FIG. 6isa graph showing a relationship of a distance
between an angled edge portion and an impact position of the
coating liquid and a probability of occurrence of a pinning
phenomenon, according to the present invention.

[0024] FIG. 7 is a scanning electron microscopy (SEM)
photograph of a cross section of a sample substrate having a
first electrode with a two-layered electrode structure (with the
lower layer being Al, and the upper layer being 1TO).

[0025] FIG. 8 is a schematic partial cross-sectional view of
a sample substrate in which an underlying organic layer is
formed on the entire surfaces of the first electrode and the
substrate.

[0026] FIG.9 is a schematic partial cross-sectional view of
a sample substrate on which films of a first electrode and a
first auxiliary electrode are formed.

DESCRIPTION OF EMBODIMENTS

[0027] Hereinafter, an embodiment ofthe present invention
will be described with reference to the drawings.

[0028] FIG. 2 shows an intermediate production structure
of an organic EL panel obtained by steps in a process for
producing an organic EL panel as a first embodiment.
[0029] Asshownin FIG.2(a), a substrate 1 made of glass or
the like is first prepared, and a conductive film made of
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aluminum or the like and a conductive film made of ITO or the
like are formed in turn by a sputtering step. Subsequently, a
photolithography step in a predetermined pattern such as a
striped pattern or a rectangular island pattern is performed to
form a plurality of conductive bodies in which a first electrode
11 and a first auxiliary electrode (anode) 11« are layered on
the substrate 1 so that the conductive bodies are arrayed and
distributed. In the step of forming conductive bodies, an
angled edge portion TPE is formed on the periphery of the
first auxiliary electrode 11a. Therefore, the angled edge por-
tion TPE forming a edge line surrounding the top face itself of
the first auxiliary electrode 11a is formed. The angled edge
portion TPE has an inner angle of 45° to 165°. For example,
an angled edge portion having an inner angle of 90° is formed.
[0030] A coating liquid for a hole injection layer is applied
to the entire surfaces of the first auxiliary electrode 11a and
the substrate 1, for example, by a wet coating method such as
a spin coating method and a slit coating method, and dried to
form ahole injection layer 3. To the entire surface of thelayer,
a coating liquid for a hole transport layer is applied and dried
to form a hole transport layer 4 (FIG. 2(b)). A edge line TPE2
that surrounds the top face itself of the hole transport layer 4
and has a figure similar to the angled edge portion TPE on the
periphery of the first auxiliary electrode 11a is formed on the
hole transport layer 4. In the step of applying an organic layer,
the hole injection layer 3 and the hole transport layer 4 that
each spread over a distribution region of the first electrode 11
and are each an organic layer made of a non-light-emitting
organic material are formed. However, these layers may be
omitted or only one layer may be formed depending on an
element configuration.

[0031] Subsequently. a coating liquid for a light-emitting
layer Lq, that is, a liquid having a light-emitting organic
material is applied to the top face of the hole transport layer 4
that is surrounded by the edge line TPE2 by an inkjet method
in which a liquid is ¢jected from a nozzle and supplied in a fine
flow shape (FIG. 2(c)). In the inkjet step, for example, a
nozzle N7 is caused to move along the array of the first
electrodes 11 relative to the substrate 1. The coating liquid for
an light-emitting layer is ejected from the nozzle NZ, and
supplied to the top face of the hole transport layer 4 in a fine
flow shape that is a fine drop. The coating liquid Lq is main-
tained at a contact angle by the surface tension, for example,
in a hemispheroidal swelling shape.

[0032] After that, the coating liquid for a light-emitting
layer is dried to form a light-emitting layer 5 (FIG. 2(d)).
[0033] Subsequently. a material for a hole blocking layer is
subjected to a vacuum vapor deposition method to form a hole
blocking layer 6 on the light-emitting layer 5, a material for an
electron transport layer is subjected to a vacuum vapor depo-
sition method to form an electron transport layer 7 on the hole
blocking layer, and a material for an electron injection layer is
subjected to a vacuum vapor deposition method to form an
electron injection layer 8 on the electron transport layer (FIG.
2(e)).

[0034] Next, a cathode 9 that is a second electrode made of
aluminum or the like is formed on the electron injection layer
8 by a vacuum vapor deposition method (FIG. 2(f)). After
that, a sealing step not shown in the drawings is performed to
obtain an organic EL panel. As the sealing step, a barrier film
formed by plasma CVD or the like may be sealed with a solid
or sealed with a hollow body such as a glass can.

[0035] According to the present embodiment, a bank is
unnecessary, and therefore the process of producing an
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organic EL element can be simplified, and the aperture width
OW relative to the sub-pitch Sp of respective organic EL
elements can be significantly secured. Accordingly, the aper-
ture ratio (OW/Sp) can be improved.

[0036] FIG.3 shows anorganic EL panel obtained by form-
ing a hole injection layer, a hole transport layer, and a light-
emitting layer by an inkjet method as a second embodiment.
[0037] Analuminum film for a first electrode is first formed
on a substrate 1 by a sputtering method.

[0038] An ITO film for an anode (first auxiliary electrode)
is then formed on the aluminum film by a sputtering method.
[0039] Subsequently, the aluminum film and the ITO film
are patterned by a photolithography method, to form a first
electrode 11 and an anode 11a that have the same shape and
an angled edge portion on the periphery. The angled edge
portion forms a edge line surrounding the top face itself.
[0040] Next, a hole injection layer 3, a hole transport layer
4, and a light-emitting layer 5 are each formed in turn by
applying respective coating liquids in the same pattern as in
the first electrode by an inkjet method followed by drying.
Since a edge line surrounding the top face itself caused by the
angled edge portion TPE on the periphery of the anode (first
auxiliary electrode) is formed on the hole injection layer and
the hole transport layer, patterning by the inkjet method is
available.

[0041] Subsequently, a hole blocking layer 6 is formed on
the entire surface by any coating method.

[0042] An electron transport layer 7 and an electron injec-
tion layer 8 are then formed by vapor deposition.

[0043] Next, a cathode 9 that is a second electrode made of
aluminum is formed by resistance heating vapor deposition.
After that, the sealing step is performed to obtain an organic
EL panel of the second embodiment.

[0044] When coatinglayers are thus formed as a multilayer,
all layers having been patterned on an electrode may be
formed by coating on the electrode, or only an arbitrary layer
may be formed, and other layers may have a configuration in
which the electrode and a part other than the electrode are
covered.

[0045] In a third embodiment, an organic EL panel is
formed in the same configuration as in the first embodiment
except that a cathode 9 that is a second electrode in the first
embodiment is made of silver (Ag) instead of aluminum by
resistance heating vapor deposition. By using Ag (semi-trans-
parent electrode material) for acathode (second electrode), an
organic EL panel having a top emission structure can be
produced. Since light is not emitted from a substrate side due
to the top emission structure, a thickness and a shape of the
first electrode which are likely to cause a pinning effect can be
selected. When the thickness of Ag film of the second elec-
trode is 75 nm or less, the transmittance of the second elec-
trode is 80% or more. In the first and second embodiments,
when silver (Ag) is used for the first electrode instead of
aluminum, an organic EL panel of bottom emission type
having a transmittance of 80% or more can be produced.
[0046] FIG. 4 shows an example of a light-emitting layer
formed by the same inkjet method as in the first embodiment
except that the configuration of a first electrode 11 and an
anode 11a is changed and a second electrode is made of Ag,
as a forth embodiment. Since steps after the light-emitting
layer forming step are the same as in the first embodiment, the
description thereof is omitted.

[0047] Analuminum film for a first electrode is first formed
on a substrate 1 by a sputtering method.
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[0048] Subsequently, the aluminum film is patterned by a
photolithography method, to form a first electrode 11 having
an angled edge portion on the periphery.

[0049] An ITO film for an anode (first auxiliary electrode)
is then formed on the first electrode 11 by a sputtering
method.

[0050] After that, the ITO film is patterned by a photoli-
thography method as shown in FIG. 4(a), to form an anode
11a having an area smaller than that of the first electrode 11 so
that the angled edge portion on the periphery of the first
electrode 11 is exposed. The patterning of the first electrode is
performed so that the pattern of the first electrode is larger
than that of the anode. In a step of forming the first electrode
and the anode, the first electrode 11 and the anode 11a thatare
each a conductive body is not restricted to formation thereof
into two layers. The first electrode and the anode may be
formed as a multi-layered body so that the angled edge por-
tion TPE on the periphery is exposed and the area of the top
face of a conductive film among a plurality of conductive
films is larger than that of the other conductive films.

[0051] A coating liquid for a hole injection layer is applied
to the entire surfaces of the first electrode 11, the first auxil-
iary electrode 11a, and the substrate 1, and dried to form a
hole injection layer 3, as shown in FIG. 4(5). To the entire
surface of the layer, a coating liquid for a hole transport layer
is applied and dried to form a hole transport layer 4 (FIG.
4(b)). A edge line TPE2 that is based on the angled edge
portion TPE on the periphery of the first electrode 11 is
formed on the hole transport layer 4.

[0052] Subsequently. a coating liquid for a light-emitting
layer is applied in the same pattern as that of the first electrode
11 to the top face of the hole transport layer 4 that is sur-
rounded by the edge line TPE2 as shown in FIG. 4(c) by an
inkjet method (FIG. 4(¢)). In this case, aluminum or the like
that has good processability is used as the first electrode 11
that is an underlying layer and in a pattern having a large area,
and ITO or the like that has poor processability is used as the
first auxiliary electrode 11a that is an upper layer and in a
pattern having a smaller area. Therefore, even when the coat-
ing liquid Lq does not stop at the edge of the ITO upper layer,
the coating liquid Lq can stop at the edge of the angled edge
portion TPE of the underlying aluminum layer. Steps after
this step are the same as in the first embodiment.

[0053] Inall embodiments, when the inkjet method is used,
each coating liquid Lq can be various types of organic mate-
rial-containing liquid that contains an organic material con-
stituting an organic layer such as a hole injection layer, a hole
transport layer, a light-emitting layer, a hole blocking layer,
an electron transport layer, or an electron injection layer, and
is prepared in advance as an ink.

[0054] For the anode 114, a conductive material having a
work function higher than that of the cathode 9 is selected.
Further, when the anode and the cathode are located on the
light extraction side, materials for and thicknesses of the
anode and the cathode are selected so that the anode and the
cathode are transparent or semi-transparent. In particular, it is
preferable that one or both of the anode and the cathode be
made of a material having a transmittance of at least 80% or
more in the wavelength of light emitted from the light-emit-
ting organic material. The layering order of the organic layers
may be opposite to the order of the embodiments, or an order
from a cathode of an electron injection layer, an electron
transport layer, a hole blocking layer, a light-emitting layer, a
hole transport layer, a hole injection layer, and an anode.
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[0055] Next, apreferred range of inner angle of angled edge
portion TPE of the conductive film according to this embodi-
ment in practical terms will be described.

[0056] As shown in FIG. 5, a sample substrate in which a
first electrode 11 that is an ITO conductive film having an
angled edge portion TPE is formed on a glass substrate 1 is
prepared. A coating liquid Lq is applied to the top face (planar
surface) of the first electrode 11 on the substrate 1, for
example, by the inkjet method of a wet film-forming method.
In this case, the coating liquid [q can be various types of
coating liquid for an organic layer that contains an organic
material constituting an organic layer such as a hole injection
layer, a hole transport layer, a light-emitting layer, a hole
blocking layer, an electron transport layer, or an electron
injection layer, and is prepared in advance as an ink. FIG. 5(a)
shows a schematic partial cross-sectional view of the sample
substrate in an equilibrium state in which a droplet of the
coating liquid impacts and adheres to the first electrode 11.
FIG. 5(b) shows a schematic partial cross-sectional view of
the sample substrate in a state in which a plurality of droplets
of the coating liquid impact and a film of aggregated coating
liquid adheres to the entire surface of the first electrode 11.
[0057] In FIG. 5(a), the droplet of the coating liquid Lq is
maintained by the surface tension in a hemispheroidal swell-
ing shape. As shown in the drawings, this is because a contact
point CP of the first electrode 11, the coating liquid Lq, and
the air, satisfies a Young’s equation: yS=ySL+ySL-cos 0 and
the equilibration is maintained. In the equation, yS represents
a surface tension of a solid (first electrode), ySL represents a
surface tension of an interface of solid and liquid phases
(surface tension of an interface of the first electrode and the
coating liquid), yL represents a surface tension of liquid (coat-
ing liquid), and 6 represents a contact angle. When the contact
angle satisfies 0°<090°, the first electrode is lyophilic to the
coating liquid. When the contact angle satisfies 90°<0180°,
the first electrode is lyophobic to the coating liquid. In con-
sideration of adhesion of the coating liquid to the first elec-
trode and movement of droplets of the coating liquid, the
properties of the coating liquid are set so as to satisfy
0°=6=90°, and the coating liquid is prepared.

[0058] In FIG. 5(b), the coating liquid Lq is applied to the
first electrode 11 in such a total amount that a film of the
coating liquid Lq does not pass through the angled edge
portion TPE of the first electrode 11.

[0059] The angled edge portion TPE of the first electrode
11 has a tapered angle ¢ (that is an angle between an extended
surface and a side edge surface of the top face, or an angle that
slopes from the top face of the first electrode towards the
substrate, and satisfies a relationship with an inner angle  of
a+p=180°). Therefore, when the film of the coating liquid Lq
is close to the angled edge portion TPE, the film does not
spread beyond the angled edge portion TPE, and the contact
point is fixed on the angled edge portion TPE, resulting in
so-called wet pinning phenomenon. In the embodiment, this
pinning phenomenon is utilized. Thus, when the contact
angle of the coating liquid Lq on the top face of the first
electrode 11 is 0 and the tapered angle at the angled edge
portion TPE is «, the coating liquid Lq does not spread
beyond the angled edge portion until the contact angle at the
angled edge portion TPE reaches 8+c.. This is because the
contact angle on the tapered surface beyond the bent first
electrode 11 is smaller than the contact angle 6 on the top face
when the coating liquid spreads beyond the angled edge por-
tion TPE. In accordance with the Young’s equation, the con-
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tact angle of the coating liquid L.q on the angled edge portion
TPE may have any value of 8 to 6+ct.

[0060] The pinning effect in which the coating liquid Lq
stops at the angled edge portion TPE can be thus utilized to
control wet spreading of the coating liquid Lq on the top face
of the first electrode 11.

[0061] The present inventor has examined a suitable range
of a tapered angle o. at the angled edge portion TPE that can
achieve the pinning effect by an experiment.

[0062] Asshown in FIG. 5, a plurality of sample substrates
1 provided with a first electrode 11 having a certain area are
produced so that the tapered angle « is changed to be any of
2°,15°, and 20°, and droplets of a coating liquid are applied
to an impact position within a range of from the angled edge
portion TPE (0 pum) to 100 pm by an inkjet method. The
impact distance ofthe droplets is changed, and the probability
of occurrence of a case where the coating liquid does not
spread beyond the angled edge portion TPE and stays (pin-
ning effect) at each time is determined. The relationship
between the probability of occurrence of pinning and the
impact distance from the edge is examined.

[0063] FIG. 6 is a graph showing an experimental result of
the probability of occurrence of pinning. It is clear from FIG.
6 that there is a significant difference of the pinning effect
depending on the tapered angle, for example, a smaller
tapered angle is unlikely to cause a pinning effect, and a larger
tapered angle is likely to cause a pinning effect. In sample
substrates having an angled edge portion with tapered angles
of 15° and 20°, when the impact distance of the droplet from
the edge exceeds 60 um, dramatic improvement in the prob-
ability of occurrence of pinning is verified from FIG. 6. In the
embodiment, as a useful range of pinning effect, the angled
edge portion has a tapered angle . of 15° or more. When the
tapered angle auis 15°, the area of the tapered surface from the
angled edge portion is too large, the distance between adja-
cent elements becomes longer, and the aperture ratio is not
sufficient. Therefore, the thickness of the first electrode is
suitably 1,000 nm or less. When the thickness of the first
electrode is as thin as less than 50 nm, the area of the tapered
surface from the angled edge portion is small, and the shape
of the angled edge portion is not clear. Further, in order to
secure a wiring having a low resistance, the thickness of the
first electrode is suitably 50 nm or more.

[0064] The present inventor has examined the upper limit
of tapered angle o at the angled edge portion by producing a
plurality of substrates having a first electrode in which a side
wall on the periphery has a so-called reversed tapered shape.
[0065] When a first electrode having a reversed tapered
shape is formed using a multi-layered electrode structure or
by anisotropic etching, a sample substrate of which a tapered
edge part may be broken by a physical contact during a
washing step or the like is increased. When the tapered angle
exceeds 135° as shown in a SEM photograph of a cross
section of a sample substrate having a first electrode with a
two-layered electrode structure (with the lower layer being
Al, the upper layer being ITO) in FIG. 7, the angled edge
portion of the first electrode is broken, and the manufacturing
vield is reduced. Therefore, a first electrode having a tapered
angle o 0f 135° or less at the angled edge portion is preferably
utilized.

[0066] Accordingly, the present inventor has provided a
tapered angle of 15° to 135°, that is, an angled edge portion
with an inner angle of 45° to 165°, on a first electrode on the
substrate of an organic EL panel.
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[0067] The present inventor has made a sample substrate in
which as shown in FIG. 8, a first electrode 11 having an
angled edge portion TPE is formed on a substrate 1 and an
underlying organic layer 12 is formed in advance on the entire
surfaces of the first electrode 11 and the substrate 1 by a wet
coating method such as a slit coating method. As confirmed
from the experiment results, the pinning effect of the coating
liquid Lq is maintained at the angled edge portion TPE of the
underlying organic layer 12 as shown in FIG. 8. A material for
the underlying organic layer is a charge-transporting organic
compound forming an organic layer such as a hole injection
layer, ahole transport layer, a hole blocking layer, an electron
transport layer, and an electron injection layer.

[0068] The method for producing an organic EL panel can
include a step of forming at least one organic layer (underly-
ing organic layer 12) made of a charge-transporting organic
compound that spreads over each of the stacking bodies and
gaps between the stacking bodies.

[0069] The present inventor has made a sample substrate in
which as shown in FIG. 9, a first electrode 11 having an
angled edge portion TPE is formed on a substrate 1 and a first
auxiliary electrode 114 is formed on the first electrode 11. As
confirmed from the experiment results in the same manner as
described above, the pinning effect of the coating liquid Lq is
maintained at the angled edge portion TPE of the first elec-
trode 11 of the underlying layer as shown in FIG. 9. Thus, a
multi-layered structure of two or more layers can be produced
as the first electrode. For example, a first electrode 11 of an
underlying layer is made of aluminum having good process-
ability and a first auxiliary electrode lie of an upper layer is
made of ITO having poor processability to form a first elec-
trode with a two-layer structure. In this case, when the area of
the underlying aluminum layer is larger than that of the ITO
upper layer, the surface roughness at the edge of the ITO
upper layer is poor. Therefore, the coating liquid Lq is
unlikely to stop at the edge. However, the coating liquid Lq
can stop at the edge of the angled edge portion TPE of the
underlying aluminum layer.

[0070] Inthe method for producing an organic electrolumi-
nescent panel, it is preferable that the first step include a step
of stacking a plurality of conductive films as the first electrode
and the area of the top face of a conductive film having the
angled edge portion among the plurality of conductive films
be larger than that of the other conductive films.

[0071] Further, the present inventor has measured the sur-
face roughness Ra (arithmetic average roughness) of the first
electrode in the plurality of substrates with a surface rough-
ness measurement device (JIS B0601). At this time, when the
surface roughness Ra of the first electrode of ITO exceeds 50
nm, the inventor has observed that the pinning effect does not
act. Further, in a first electrode formed of another metal, the
pinning effect is expressed at an Ra of 30 nm or less, and
preferably 10 nm or less. Therefore, a first electrode having a
surface roughness Ra on an angled edge portion of 30 nm or
less is preferably used.

EXAMPLES

[0072] An organic EL panel with a light-emitting pattern of
100 mmx100 mm was produced.

[0073] Each of the organic EL elements had a line length of
100 mm and a line width of 450 and each of the elements had
200 lines that are arrayed parallel to one another with a
sub-pitch of 500 pum (line and space are 450 pm and 50 pum,
respectively).
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[0074] RGB light-emitting layers with a sub-pitch of 500
um were separately coated to form an array of organic EL
elements that use other organic layers and electrodes as a
common configuration and were alternatively arrayed in the
order of RGB.

[0075] Inthe produced organic EL panel, the sub-pitch Sp
of each organic EL element was 500 um, the width OW of an
aperture was 450 um, and the aperture ratio (OW/Sp) was
90%. The organic EL panel emitted light brightly as com-
pared with a conventional one.

[0076] The configuration of the organic EL panel produced
is shown in Table 1.
TABLE 1
Film
thickness
Film formation ~ Material (nm)
First Sputtering and Al 100
electrode photolithography
First auxiliary ~ Sputtering and ITO 50
electrode photolithography
(anode)
Hole injection  Inkjet PEDOT:PSS 30
layer and aqueous solution:
transport Solid content
layer concentration 1 wt %.
Light-emitting  Inkjet Xylene solution: 40
layer R Solid content
concentration 2 wt %,
Host BAlg,
Dopant HexIr(phq)3.
Light-emitting  Inkjet Xylene solution: 40
layer G Solid content
concentration 2 wt %,
Host CBP,
Dopant Ir(ppy)3.
Light-emitting  Inkjet Xylene solution: 40
layer B Solid content
concentration 2 wt %,
Host CBP,
Dopant FIr(pic).
Electron Vapor Alg3 30
transport deposition
layer
Second Vapor MgAg 50
electrode deposition
(cathode)

PEDOT:PSS: Poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate)
BAlg Bis(2-methyl-8-quinolinolato) (p-phenylphenolato) aluminum
HexIr(phq)3: Tris[2-(4-n-hexylphenyl)quinoline)] iridium(III)

CBP: 4,4'-Bis(9H-carbazol-9-yl)bipheny!

Ir(ppy)3: Tris(2-phenylpyridine) iridium(III)

Flr(pic): Bis(2,4-difluorophenylpyridinato) (2-carboxypyridyl)iridium (III)
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[0077] 1 Substrate

[0078] 3 Hole injection layer

[0079] 4 Hole transport layer

[0080] 5 Light-emitting layer

[0081] 6 Hole blocking layer

[0082] 7 Electron transport layer

[0083] 8 Electron injection layer

[0084] 9 Cathode (second electrode)

[0085] 11 First Electrode

[0086] 11a First auxiliary electrode (anode)

1. A method for producing an organic electroluminescent
panel, comprising:
a first step of arraying and distributing a plurality of first
electrodes on or above a substrate;
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asecond step of forming stacking bodies each composed of
a plurality of organic layers including a light-emitting
layer on or above respective top faces of the first elec-
trodes; and

a third step of forming organic electroluminescent ele-

ments by forming second electrodes respectively on or
above the stacking bodies,
wherein
in the first step the first electrode is a conductive body
having an angled edge portion forming a edge line sur-
rounding the top face itself and

the second step includes a step of by an inkjet method in

which at least a liquid having a fight-emitting organic
material is ejected from a nozzle, coating the top face
with the liquid in such a total amount that a film of the
coated liquid does not pass through the angled edge
portion to stop the coated liquid at the angled edge
portion.

2. The method for producing an organic electrolumines-
cent panel according to claim 1, wherein an inner angle of the
angled edge portion is 45° to 165°.

3. The method for producing an organic electrolumines-
cent panel according to claim 1, wherein the second step
includes a step of forming at least one organic layer of a
non-light-emitting organic material that spreads over a distri-
bution region of the first electrode.

4. The method for producing an organic electrolumines-
cent panel according to claim 1, wherein the first step includes
a step of stacking a plurality of conductive films to form the
first electrode, and the area of a top face of one conductive
film of the plurality of conductive films is larger than that of
the other conductive films.
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5. The method for producing an organic electrolumines-
cent panel according to claim 1, wherein a surface roughness
Ra of the angled edge portion is 30 nm or less.

6. The method for producing an organic electrolumines-
cent panel according to claim 1, wherein the second step
includes a step of moving the nozzle along an array of the first
electrodes relative to the substrate.

7. An organic electroluminescent panel comprising organic
electroluminescent elements,
wherein

the organic electroluminescent elements include

aplurality of first electrodes that are arrayed and formed
on a substrate;

stacking bodies each including a plurality of organic
layers that are stacked on the top face of each of the
first electrodes and include a light-emitting layer; and

second electrodes formed on the respective stacking
bodies,

wherein
each of the first electrodes is a conductive body having an

angled edge portion forming a edge line surrounding the

top face itself and

the light-emitting layer is formed of dryed material derived

from at least a liquid having a light-emitting organic
material with which coated the top face in such a total
amount that a film of the coated liquid does not pass
through the angled edge portion to stop the coated liquid
at the angled edge portion by an inkjet method in which
the liquid is ejected from a nozzle.
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