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ORGANIC EL ELEMENT, AND ORGANIC EL.
ELEMENT MANUFACTURING METHOD

TECHNICAL FIELD

[0001] The present invention relates to an organic EL ele-
ment, and an organic EL. element manufacturing method.

BACKGROUND ART

[0002] Patent Literature 1 discloses an organic EL (Electro
Luminescence) element that emits light in a predetermined
emission pattern, as a device for expressing a character, a
picture, and so on. This organic EL. element includes an anode
20, a cathode 40, and an organic light emitting film 30
arranged between these anode 20 and cathode 40, the anode
20 is formed in a wide rough pattern embracing the emission
pattern, the cathode 40 is formed in a pattern corresponding to
the emission pattern, and the organic light emitting film 30 is
formed in a non-patterned continuous surface shape includ-
ing all of the emission pattern and the respective patterns of
the two electrodes. Then the emission pattern corresponding
to the pattern of the electrode (specifically, the cathode 40) is
obtained in the organic EL element.

CITATION LIST

Patent Literature

[0003] Patent Literature 1: Japanese Patent Application
Laid-open Publication No. 2001-35669
SUMMARY OF INVENTION
Technical Problem

[0004] As described in Patent Literature 1, the photolithog-
raphy process, etching process, evaporation process, and the
like are considered as techniques for forming the electrode in
the pattern corresponding to the emission pattern. However,
since these techniques necessitate manufacture of a mask
corresponding to the electrode pattern (i.e., the emission pat-
tern), the manufacture of mask is needed every change of the
emission pattern, so as to make manufacturing cost relatively
high.

[0005] Therefore, an object of the present invention is to
provide an organic EL. element and an organic EL element
manufacturing method which can achieve simplification and
cost reduction of the manufacturing method.

Solution to Problem

[0006] Anorganic EL element ofthe present invention is an
organic EL element comprising: a continuous first electrode;
a continuous second electrode; and a light emitting layer
arranged between the first electrode and the second electrode,
wherein the light emitting layer has a plurality of light emit-
ting regions, and wherein at least two light emitting regions
out of the plurality of light emitting regions are different in at
least one of emission color and emission luminance.

[0007] An organic EL element manufacturing method of
the present invention has: a step of forming a continuous first
electrode; a step of forming a light emitting layer having a
plurality of light emitting regions, at least two light emitting
regions out of the plurality of light emitting regions being
different in at least one of emission color and emission lumi-
nance; and a step of forming a continuous second electrode.

May 19, 2016

The “continuous electrode” herein means a single plate-like
electrode which is integrally formed, and means that there is
no physical division (i.e., electrical disconnection) made in
the integrally formed electrode.

[0008] According to the foregoing organic EL element and
organic EL element manufacturing method, at least one of
emission color and emission luminance is made different for
each of the plurality of light emitting regions in the light
emitting layer, thereby to form a predetermined emission
pattern such as a character or a picture; for this reason, the two
electrodes can be formed so as to be continuous and there is
no need for forming the electrode in the emission pattern. As
a result, there is no need for manufacturing the mask for
formation of the electrode in accordance with the emission
pattern. For this reason, in forming plural types of emission
patterns, there is no need for manufacturing masks for forma-
tion of electrodes in accordance with the respective emission
patterns, thereby enabling simplification and cost reduction
of the manufacturing method.

[0009] The foregoing at least two light emitting regions out
of the plurality of light emitting regions may be different in
light emitting materials contained in the light emitting layer
in the respective light emitting regions.

[0010] The foregoing step of forming the light emitting
layer may comprise, with respect to at least two light emitting
regions out of the plurality of light emitting regions, applying
coating liquids containing respective different light emitting
materials in respective patterns to the respective light emitting
regions to form coating films in patterns; and solidifying the
coating films to form the light emitting layer in each of the
light emitting regions.

[0011] According to this, the emission color is made dif-
ferent for each of the plurality of light emitting regions in the
light emitting layer, whereby the predetermined emission
pattern such as a character or a picture can be formed.
[0012] The light emitting layer in a boundary region
between adjacent light emitting regions out of the plurality of
light emitting regions may contain a light emitting material
contained in the light emitting layer in one light emitting
region of the adjacent light emitting regions and a light emit-
ting material contained in the light emitting layer in the other
light emitting region of the adjacent light emitting regions.
[0013] The foregoing step of forming the light emitting
layer may comprise, in a boundary region between adjacent
light emitting regions out of the plurality of light emitting
regions, applying a coating liquid containing a light emitting
material for the light emitting layer in one light emitting
region of the adjacent light emitting regions and applying a
coating liquid containing a light emitting material for the light
emitting layer in the other light emitting region of the adjacent
light emitting regions.

[0014] Forexample, whenthe light emitting layer is formed
by use of an coating method, a boundary between adjacent
light emitting regions can blur due to wetting and spreading of
a coating liquid (e.g., ink containing a light emitting mate-
rial). In this regard, the inventors of the present invention
discovered that, in applying coating liquids to respective adja-
cent light emitting regions, when the coating liquids for the
respective light emitting regions were applied with an overlap
ataboundary between the adjacent light emitting regions, the
blur at the boundary between these light emitting regions
could be suppressed, so as to improve visibility. It seems that
the reason for it is that the light emitting layer at the boundary
between the adjacent light emitting regions becomes thicker
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to form a contour with a lowered emission luminance, or, to
form a contour in a dark emission color by combination of
emission colors at the boundary between the adjacent light
emitting regions, whereby the boundary between them looks
sharp.

[0015] According to this, the use of the foregoing coating
method results in making the boundary region between the
adjacent light emitting regions contain the both light emitting
materials for the respective adjacent light emitting regions,
whereby the blur at the boundary between these light emitting
regions can be suppressed, so as to improve the visibility.
[0016] The light emitting layer in a boundary region
between adjacent light emitting regions out of the plurality of
light emitting regions may be even thinner than the thinner
light emitting layer out of the light emitting layer in one light
emitting region of the adjacent light emitting regions and the
light emitting layer in the other light emitting region of the
adjacent light emitting regions.

[0017] In the step of forming the light emitting layer, a
coating liquid containing a light emitting material may not be
applied in a boundary region between adjacent light emitting
regions out of the plurality of light emitting regions

[0018] According to this, the light emitting layer becomes
thinner at the boundary between the adjacent light emitting
regions, whereby a contour is formed with a high emission
luminance, or, a contour with a light emission color is formed
by combination of emission colors at the boundary between
the adjacent light emitting regions.

[0019] The inventors of the present invention discovered
that a three-dimensional visual effect was achieved by inten-
tionally shifting an emission pattern at a predetermined posi-
tion. For example, in a case where there are a first light
emitting region and a second light emitting region surround-
ing it, when the first light emitting region is shifted in a
predetermined shift direction, there is an overlap between the
first light emitting region and the second light emitting region
on one side in the shift direction, while there appears a gap
between the first light emitting region and the second light
emitting region on the other side in the shift direction. In this
case, it seems that the three-dimensional visual effect is
achieved for the following reasons:

[0020] (i) on the one side in the shift direction, as described
above, the light emitting layer at the boundary between the
adjacent light emitting regions becomes thicker to form a
contour with a lowered emission luminance, or, to form a
contour in a dark emission color by combination of emission
colors at the boundary between the adjacent light emitting
regions; and

[0021] (ii) on the other side in the shift direction, con-
versely, the light emitting layer at the boundary between the
adjacent light emitting regions becomes thinner to form a
contour with a high emission luminance, or, to form a contour
in a light emission color by combination of the emission
colors at the boundary between the adjacent light emitting
regions.

[0022] According to this, the use of the foregoing coating
method results in forming a contour with a reduced emission
luminance or a contour in a dark emission color in the bound-
ary region between the adjacent light emitting regions on the
one side in the shift direction and forming a contour with a
high emission luminance or a contour in a light emission color
in the boundary region between the adjacent light emitting
regions on the other side in the shift direction, thereby achiev-
ing the three-dimensional visual effect.
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[0023] The aforementioned at least two light emitting
regions out of the plurality of light emitting regions may be
different in thicknesses of the light emitting layer in the
respective light emitting regions.

[0024] The aforementioned step of forming the light emit-
ting layer may comprise, with respect to at least two light
emitting regions out of the plurality of light emitting regions,
applying coating liquids containing respective light emitting
materials in different coating amounts so that thicknesses of
the light emitting layer in the respective light emitting regions
are different.

[0025] Since the electric resistance increases as the thick-
ness of the light emitting layer becomes larger, an electric
current becomes less likely to flow, so as to lower the emission
luminance. Therefore, according to this, the emission lumi-
nance is made different for each of the plurality of light
emitting regions in the light emitting layer, whereby the pre-
determined pattern such as a character or a picture can be
formed.

[0026] The aforementioned organic EL. element may fur-
ther comprise: a function layer arranged between the first
electrode and the second electrode and being different from
the light emitting layer, and at least two light emitting regions
out of the plurality of light emitting regions may be different
in thicknesses of the function layer corresponding to the
respective light emitting regions.

[0027] The aforementioned organic EL element manufac-
turing method may further have a step of forming a function
layer different from the light emitting layer, between the first
electrode and the second electrode, and the step of forming
the function layer may comprise, with respect to at least two
light emitting regions out of the plurality of light emitting
regions, applying a coating liquid containing a material con-
stituting the function layer in different coating amounts so
that thicknesses of the function layer corresponding to the
respective light emitting regions are different, to form a coat-
ing film; and solidifying the coating film to form the function
layer.

[0028] In the function layer except for the light emitting
layer, since the electric resistance increases as the thickness
becomes larger, an electric current becomes less likely to
flow, so as to lower the emission luminance. According to
this, the emission luminance is made different for each of the
plurality of light emitting regions in the light emitting layer,
whereby the predetermined pattern such as a character or a
picture can be formed.

[0029] The foregoing light emitting layer may further have
a non-light-emitting region, the non-light-emitting region
may be formed by applying two types of coating liquids, one
of the two types of coating liquids may be the same as the
coating liquid for the light emitting layer in the light emitting
region adjacent to the non-light-emitting region out of the
plurality of light emitting regions, and the other of the two
types of coating liquids may contain the same light emitting
material as the light emitting material of the coating liquid for
the light emitting layer in the light emitting region adjacent to
the non-light-emitting region, or, contain a non-light-emit-
ting material, and have a larger viscosity than the coating
liquid for the light emitting layer in the light emitting region
adjacent to the non-light-emitting region.

[0030] The foregoing step of forming the light emitting
layer may include a sub-step of forming a non-light-emitting
region in the light emitting layer, and the sub-step of forming
the non-light-emitting region may comprise: applying a coat-
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ing liquid which contains the same light emitting material as
the light emitting material of the coating liquid for the light
emitting layer in the light emitting region adjacent to the
non-light-emitting region out of the plurality of light emitting
regions, or, which contains a non-light-emitting material, and
which has a larger viscosity than the coating liquid for the
light emitting layer in the light emitting region adjacent to the
non-light-emitting region; and thereafter applying the same
coating liquid as the coating liquid for the light emitting layer
in the light emitting region adjacent to the non-light-emitting
region.

[0031] Conventionally, the other of the two types of coating
liquids contained the light emitting material which has the
same viscosity as the coating liquid for the light emitting layer
in the light emitting region adjacent to itself and which is
different from the light emitting material of the coating liquid
for the light emitting layer in the light emitting region adja-
cent to itself. In this conventional form, the thickness of the
coating liquid for the light emitting layer in the light emitting
region adjacent to itself becomes smaller in the edge part of
the other of the two types of coating liquids and, as a result, a
region around the non-light-emitting region emitted light in
the color of the light emitting material contained in the other
of the two types of coating liquids in certain cases.

[0032] According to this, the other of the two types of
coating liquids in the non-light-emitting region is of the same
color as the coating liquid in the light emitting region adjacent
to itself, or, of the non-light-emitting material; first of all, the
edge part looks black even with emission thereof, and in
addition, since it has the larger viscosity than the coating
liquid for the light emitting layer in the light emitting region
adjacent to itself, the blur due to flowage of ink can be
reduced, so as to provide a sharp non-light-emitting region.
[0033] In a boundary region between adjacent light emit-
ting regions out of the plurality of light emitting regions, the
light emitting layer in one light emitting region of the adjacent
light emitting regions may be in contact with the light emit-
ting layer in the other light emitting region of the adjacent
light emitting regions.

[0034] The step of forming the light emitting layer may
comprise, with respect to a boundary region between adjacent
light emitting regions out of the plurality of light emitting
regions, applying a coating liquid so that the light emitting
layer in one light emitting region of the adjacent light emitting
regions is in contact with the light emitting layer in the other
light emitting region of the adjacent light emitting regions.
[0035] According to this, the light emitting layer can be
formed without forming a barrier (bank) or the like at the
boundary between the adjacent light emitting regions, i.e.,
without use of a technique using a mask (photolithography,
etching, evaporation, or the like), and, therefore, it enables
further simplification and cost reduction of the manufacturing
method.

[0036] The step of forming the light emitting layer may
comprise: applying a coating liquid containing a light emit-
ting material to form a coating film in a film thickness of not
less than 1 um and not more than 6 um before solidification;
and solidifying the coating film to form the light emitting
layer. Similarly, the step of forming the function film may
comprise; applying a coating liquid containing a material
constituting the function layer to form a coating film in a film
thickness of not less than 1 um and not more than 6 um before
solidification; and solidifying the coating film to form the
function layer.
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[0037] In the thin film forming process of applying and
soliditying the coating liquid, the film thickness of the periph-
eral portion (end portion) of the thin film after solidification
may be subjected to film thickness variation (increase of
thickness/decrease of thickness) relative to the film thickness
of'the central portion (coffee stain phenomenon). Describing
it in more detail, it is considered that the coating liquid in the
peripheral portion of the coating film, which has undergone
wetting and spreading, flows back toward the central portion
during the drying, whereby the extreme peripheral part
decreases its thickness, while the inside part thereof increases
its thickness. The thickness-decreased part becomes a bright
line and the thickness-increased part becomes a dark line,
whereby the boundary between the two light emitting regions
comes to be visually recognized as a blurred fringe due to the
bright line and dark line.

[0038] According to this, however, the film thickness of the
coating film upon applying the coating liquid (before the
solidification of the coating film) is made thin, not less than 1
um and not more than 6 um, thereby suppressing constriction
of the coating liquid from the peripheral portion toward the
central portion during the drying and suppressing a recession
from the end of the coating position. Therefore, the film
thickness of the peripheral portion (end portion) of the thin
film after the solidification can be suppressed from being
subjected to the film thickness variation (thickness increase/
thickness decrease) relative to the film thickness of the central
portion. As a result, the appearance of the fringe can be
suppressed at the boundary between the two light emitting
regions, so as to improve the visibility.

[0039] The step of forming the light emitting layer may
comprise; applying a coating liquid with a viscosity of not
less than 7 cp and not more than 20 cp containing a light
emitting material to form a coating film; and solidifying the
coating film to form the light emitting layer. Similarly, the
step of forming the function layer may comprise; applying a
coating liquid with a viscosity of not less than 7 c¢p and not
more than 20 cp containing a material constituting the func-
tion layer to form a coating film; and solidifying the coating
film to form the function layer.

[0040] According to this, the viscosity of the coating liquid
is made high, not less than 7 cp and not more than 20 cp,
whereby the coating liquid can be suppressed from flowing
from the peripheral portion toward the central portion during
the drying, so as to suppress the recession from the end of'the
coating position and more suppress appearance of a bulge
(thickness increase) in the peripheral part. Therefore, the film
thickness of the peripheral portion (end portion) of the thin
film after the solidification can be suppressed from being
subjected to the film thickness variation (thickness increase/
thickness decrease) relative to the film thickness of the central
part. As a result, a fringe can be suppressed from appearing at
the boundary between the two light emitting regions, so as to
improve the visibility.

[0041] A method for applying the foregoing coating liquid
may be an inkjet printing method.

[0042] Since the ink can be readily applied at a desired
position with extremely high accuracy with the use of the
inkjet printing method, the light emitting layer or the like can
be readily formed in an extremely accurate pattern.

Advantageous Effects of Invention

[0043] The present invention enables simplification and
cost reduction of the manufacturing method.
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BRIEF DESCRIPTION OF DRAWINGS

[0044] FIG.1is a view from the light emission surface side
of'an organic EL element according to the first embodiment of
the present invention.

[0045] FIG. 2 is an enlarged cross-sectional view along the
line II-1I of the organic EL element shown in FIG. 1.

[0046] FIG. 3 is a view from the light emission surface side
of an organic EL element according to the second embodi-
ment of the present invention.

[0047] FIG. 4 is an enlarged cross-sectional view along the
line IV-1V of the organic EL element shown in FIG. 3.
[0048] FIG.5is a view from the light emission surface side
of an organic EL element according to the third embodiment
of the present invention.

[0049] FIG. 6 is an enlarged cross-sectional view along the
line VI-VI of the organic EL element shown in FIG. 5.
[0050] FIG.7is a view from the light emission surface side
of'an organic EL element according to the fourth embodiment
of the present invention.

[0051] FIG. 8 is an enlarged cross-sectional view along the
line VIII-VIII of the organic EL element shown in FIG. 7.
[0052] FIG.9is aview from the light emission surface side
of an organic EL element according to the fifth embodiment
of the present invention.

[0053] FIG. 10 is an enlarged cross-sectional view along
the line X-X of the organic EL element shown in FIG. 9.
[0054] FIG. 11 is a view from the light emission surface
side of an organic EL element according to the sixth embodi-
ment of the present invention.

[0055] FIG. 12 is a partly enlarged cross-sectional view of
a non-light-emitting region shown in FIG. 11.

[0056] FIG. 13 (a) to (b) are the photographing results of
light emission surfaces upon light emission of (a) Example 1,
(b) Example 2, and (c) Example 3, respectively.

[0057] FIG.14 (a)to (d) are drawings showing (a) a periph-
eral part of a coating film having undergone wetting and
spreading after applying a coating liquid, (b) a peripheral part
of a thin film with variation in film thickness during drying
and after solidification of the coating film, (c¢) a boundary
between two light emitting regions with variation in film
thickness, and (d) a boundary between two light emitting
regions with suppression of variation in film thickness,
respectively.

[0058] FIG. 15 shows the photographing results of light
emission surfaces upon light emission of Example 11, and
Reference Examples 11 and 12.

[0059] FIG. 16 shows the photographing results of light
emission surfaces upon light emission of Examples 21 and
22, and Reference Example 21.

[0060] FIG. 17 shows the photographing results of light
emission surfaces upon light emission of Examples 31 and
32.

DESCRIPTION OF EMBODIMENTS

[0061] Preferred embodiments of the present invention will
be described below in detail with reference to the drawings.
Identical or equivalent portions shall be denoted by the same
reference signs in the drawings.

First Embodiment

[0062] FIG.1isaview from the light emission surface side
of'the organic EL element according to the first embodiment
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of the present invention, and FIG. 2 an enlarged cross-sec-
tional view along the line II-II of the organic EL. element
shown in FIG. 1.

[0063] The organic EL element 1 shown in FIG. 1 and FIG.
2 has an anode (first electrode) 20, a cathode (second elec-
trode) 70, and a light emitting layer 50 provided between
these clectrodes 20, 70. A predetermined function layer
except for the light emitting layer 50 may be provided
between the electrodes 20, 70. Examples of such function
layers include a hole injection layer, a hole transport layer, an
electron injection layer, an electron transport layer, and so on.
The below will exemplify a form in which a hole injection
layer 30, a hole transport layer 40, and an electron injection
layer 60 are provided as function layers.

[0064] Specifically, the organic EL element 1 of the present
embodiment has a substrate 10, the anode 20 formed on the
substrate 10, the hole injection layer 30 formed on the anode
20, the hole transport layer 40 formed on the hole injection
layer 30, the light emitting layer 50 formed on the hole trans-
port layer 40, the electron injection layer 60 formed on the
light emitting layer 50, and the cathode 70 formed on the
electron injection layer 60. In this organic EL element 1, the
substrate 10 side is a light emission surface.

[0065] Each ofthe anode 20 and the cathode 70 is formed so
as to be continuous. In other words, each of the anode 20 and
cathode 70 is integrally formed, so as to be a single plate-like
electrode.

[0066] The light emitting layer 50 has two light emitting
regions 51, 52 and the two light emitting regions 51, 52 are
different in light emitting materials of the light emitting layer
in the respective light emitting regions. Because of this, the
two light emitting regions 51, 52 are different in their emis-
sion colors. For example, the light emitting region 51 contains
ared light emitting material, whereas the light emitting region
52 contains a blue light emitting material. It is also possible to
adopt, for example, a form wherein the light emitting region
51 contains a red light emitting material and a green light
emitting material and wherein the light emitting region 52
contains a green light emitting material and a blue light emit-
ting material. Details of each of the color light emitting mate-
rials will be described later.

[0067] At a boundary between the adjacent light emitting
regions 51, 52, the light emitting layer in the light emitting
region 51 is in contact with that in the light emitting region 52.
[0068] Next, materials and forming methods of the respec-
tive layers constituting the organic EL. element will be
described.

[0069] A flexible substrate or a rigid substrate is used as the
substrate 10 and, for example, a glass substrate or a plastic
substrate or the like is used.

[0070] Thin films comprised of a metal oxide, a metal sul-
fide, a metal, and so on can be used for the anode 20 and
specific examples thereof include thin films comprised of
indium oxide, zinc¢ oxide, tin oxide, ITO, indium zinc oxide
(abbreviated as [Z0), gold, platinum, silver, copper, and so
on. In the case of the organic EL element in the configuration
wherein light emitted from the light emitting layer passes
through the anode to emerge out of the element, an electrode
exhibiting a light transmitting property is used as the anode
20.

[0071] One of the known hole injection materials can be
used for the hole injection layer 30. Examples of the hole
injection materials include oxides such as vanadium oxide,
molybdenum oxide, ruthenium oxide, and aluminum oxide,



US 2016/0141541 Al

phenylamines, starburst amines, phthalocyanines, amor-
phous carbon, polyaniline, polythiophene derivatives, and so
on.

[0072] One of the known hole transport materials can be
used for the hole transport layer 40. Examples of the hole
transport materials include polyvinyl carbazole or derivatives
thereof, polysilane or derivatives thereof, polysiloxane
derivatives having an aromatic amine in a side chain or in the
main chain, pyrazoline derivatives, arylamine derivatives,
stilbene derivatives, triphenyl diamine derivatives, polya-
niline or derivatives thereof, polythiophene or derivatives
thereof, polyaryl amine or derivatives thereof, polypyrrole or
derivatives thereof, poly(p-phenylene vinylene) or deriva-
tives thereof, poly(2,5-thienylene vinylene) or derivatives
thereof, and so on.

[0073] The light emitting layer 50 is usually made princi-
pally from an organic substance that emits fluorescence and/
or phosphorescence, or, from the organic substance and a
dopant for helping it. The dopant is added, for example, in
order to improve the light emission efficiency or change the
emission wavelength. The organic substance contained in the
light emitting layer may be a low-molecular-weight com-
pound or a high-molecular-weight compound. Examples of
the light emitting materials constituting the light emitting
layer include the known pigment-based materials, metal com-
plex-based materials, polymer-based materials, and dopant
materials.

[0074] Examples of the pigment-based materials include
cyclopentamine derivatives, tetraphenylbutadiene derivative
compounds, triphenylamine derivatives, oxadiazole deriva-
tives, pyrazoloquinoline derivatives, distyrylbenzene deriva-
tives, distyrylarylene derivatives, pyrrole derivatives,
thiophene ring compounds, pyridine ring compounds,
perinone derivatives, perylene derivatives, oligothiophene
derivatives, oxadiazole dimers, pyrazoline dimers, quinacri-
done derivatives, coumarin derivatives, and so on.

[0075] Examples of the metal complex-based materials
include metal complexes having a rare earth metal such as Tb,
Euor Dy, or, Al, Zn, Be, Ir, Pt, or the like as a central metal and
an oxadiazole structure, a thiadiazole structure, a phenylpy-
ridine structure, a phenylbenzoimidazole structure, a quino-
line structure, or the like as a ligand.

[0076] Examples of the polymer-based materials include
polyparaphenylene vinylene derivatives, polythiophene
derivatives, polyparaphenylene derivatives, polysilane
derivatives, polyacetylene derivatives, polyfluorene deriva-
tives, polyvinylcarbazole derivatives, polymers obtained by
polymerizing the foregoing pigment-based materials or metal
complex-based light emitting materials, and so on.

[0077] Among the above-described light emitting materi-
als, examples of materials that emit blue light include distyry-
larylene derivatives, oxadiazole derivatives, polymers
thereof, polyvinylcarbazole derivatives, polyparaphenylene
derivatives, polyfluorene derivatives, and so on.

[0078] Examples of materials that emit green light include
quinacridone derivatives, coumarin derivatives, polymers
thereof, polyparaphenylene vinylene derivatives, polyfluo-
rene derivatives, and so on.

[0079] Examples of materials that emit red light include
coumarin derivatives, thiophene ring compounds, polymers
thereof, polyparaphenylene vinylene derivatives, poly-
thiophene derivatives, polyfluorene derivatives, and so on.
[0080] White can be produced by mixing blue, green, and
red described above.
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[0081] Examples of the dopant materials include perylene
derivatives, coumarin derivatives, rubrene derivatives, quina-
cridone derivatives, squarium derivatives, porphyrin deriva-
tives, styryl-based pigments, tetracene derivatives, pyra-
zolone derivatives, decacyclene, phenoxazone, and so on.
[0082] One of the known electron transport materials can
be used for the electron transport layer. Examples of the
electron transport materials include oxadiazole derivatives,
anthraquinodimethane or derivatives thereof, benzoquinone
or derivatives thereof, naphthoquinone or derivatives thereof,
anthraquinone or derivatives thereof, tetracyanoanthraquin-
odimethane or derivatives thereof, fluorenone derivatives,
diphenyldicyanoethylene or derivatives thereof, dipheno-
quinone derivatives, metal complexes of 8-hydroxyquinoline
or derivatives thereof, polyquinoline or derivatives thereof,
polyquinoxaline or derivatives thereof, polyfluorene or
derivatives thereof, and so on.

[0083] Oneoftheknown electron injection materials can be
used for the electron injection layer 60. Examples of the
electron injection materials include alkali metals, alkaline
earth metals, alloys containing at least one ofthe alkali metals
and alkaline earth metals, oxides, halides, and carbonates of
the alkali metals or the alkaline earth metals, mixtures of
these substances, and so on.

[0084] Preferred materials for the cathode 70 are materials
that have a low work function to facilitate injection of elec-
trons into the light emitting layer and that have high electric
conductivity. In the case of the organic EL element in the
configuration where light is taken out from the anode side,
preferred materials for the cathode 70 are materials with high
reflectance for visible light, in order to allow the cathode to
reflect the light emitted from the light emitting layer, toward
the anode side. Examples of materials applicable to the cath-
ode 70 include alkali metals, alkaline earth metals, transition
metals, and Group 13 metals in the periodic table. It is also
possible to use a transparent electrically-conductive electrode
made from an electroconductive metal oxide, an electrocon-
ductive organic substance, or the like, as the cathode 70.
[0085] The foregoing layers and electrodes can be formed
by an evaporation method or by an coating method. Examples
of coating methods include: coating methods such as spin
coating, casting, microgravure coating, gravure coating, bar
coating, roll coating, wire bar coating, dip coating, slit coat-
ing, capillary coating, spray coating, and nozzle coating; gra-
vure printing; screen printing; flexo printing; offset printing;
reverse printing; inkjet printing. When pattern coating is nec-
essary, it is preferred to form a layer or an electrode by a
coating method capable of pattern coating and it is particu-
larly preferred to form a layer or an electrode by the inkjet
printing method.

[0086] There are no particular restrictions on a solvent for
ink (coating liquid) to be used in the coating method as long
as it can dissolve each material; examples of such solvents
include chlorine-based solvents such as chloroform, methyl-
ene chloride, and dichloroethane, ether-based solvents such
as tetrahydrofuran, aromatic hydrocarbon-based solvents
such as toluene and xylene, ketone-based solvents such as
acetone and methyl ethyl ketone, ester-based solvents such as
ethyl acetate, butyl acetate, and ethyl cellosolve acetate, and
water.

[0087] Since in the organic EL element 1 of this first
embodiment the emission color is made different for each of
the light emitting regions 51, 52 in the light emitting layer 50
to form a predetermined emission pattern such as a character
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or a picture, the electrodes 20, 70 can be formed so as to be
continuous, without need for forming the electrodes 20, 70 in
the emission pattern. As a result, it becomes unnecessary to
manufacture a mask for formation of electrode in accordance
with the emission pattern. For this reason, in forming plural
types of emission patterns, there is no need for manufacturing
masks for formation of electrodes in accordance with the
respective emission patterns, and thus it becomes feasible to
achieve simplification and cost reduction of the manufactur-
ing method.

[0088] Itshould benoted that the present invention does not
exclude the technique using the mask, as a technique for
forming the light emitting layer. However, further simplifica-
tion of manufacturability and cost reduction can be achieved
if the light emitting layer 50 is also formed by a technique not
using the mask, in other words, if a technique for forming a
barrier (bank) or the like with the use of the mask is not used
at the boundary between the adjacent light emitting regions
51, 52; i.e, if the light emitting layer 50 is formed so that the
light emitting layer in the light emitting region 51 is in contact
with the light emitting layer in the light emitting region 52, at
the boundary between the adjacent light emitting regions 51,
52.

Second Embodiment

[0089] FIG. 3 is a view from the light emission surface side
of the organic EL element according to the second embodi-
ment of the present invention, and FIG. 4 an enlarged cross-
sectional view along the line IV-IV of the organic EL element
shown in FIG. 3.

[0090] The organic EL element 1A shown in FIG. 3 and
FIG. 4 is different from the first embodiment in that it has a
light emitting layer 50A in place of the light emitting layer 50
in the organic EL element 1.

[0091] The light emitting layer 50A has two light emitting
regions 51A, 52A and the two light emitting regions 51A,
52A are different in light emitting materials of the light emit-
ting layer in the respective light emitting regions. For this
reason, the two light emitting regions 51A, 52 A are different
in their emission colors. For example, the light emitting
region 51A contains a red light emitting material as the light
emitting region 51 does, whereas the light emitting region
52A contains a blue light emitting material as the light emit-
ting region 52 does.

[0092] As a film formation method for the two light emit-
ting regions 51A, 52A, for example, an ink containing the red
light emitting material is applied to the light emitting region
51A and then an ink containing the blue light emitting mate-
rial is applied to the light emitting region 52A. At this time,
coating is implemented based on design such that the inks for
the respective light emitting regions overlap in a predeter-
mined width as a designed value, at the boundary between the
light emitting region 51A and the light emitting region 52A.
This predetermined width is, for example, from 0.05 mm to
15 mm, preferably from 0.1 mm to 2.0 mm, and more pref-
erably from 0.2 mm to 0.5 mm.

[0093] This causes the light emitting layer S0A to have a
boundary region 53A between the adjacent light emitting
regions 51A, 52A and this boundary region 53A comes to
contain the light emitting material of the light emitting layer
in the light emitting region 51A and the light emitting mate-
rial of the light emitting layer in the light emitting region 52A.
[0094] In the boundary region 53A, depending upon the
viscosities of the inks or the like, the light emitting material of
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the light emitting region 51A and the light emitting material
of the light emitting region 52A may be mixed, or, the light
emitting material of the light emitting region 51A and the
light emitting material of the light emitting region 52A may
be stacked in two layers. Furthermore, the thickness of the
light emitting layer in the boundary region 53 A may be larger
than the thickness of the light emitting layer in the light
emitting region 51A and the thickness of the light emitting
layer in the light emitting region 52A.

[0095] The organic EL element 1A of this second embodi-
ment can also achieve the same advantage as the organic ELL
element 1 of the first embodiment does.

[0096] Inthe meantime, for example, when the light emit-
ting layer is formed by use of the coating method, the bound-
ary between adjacent light emitting regions can blur due to
wetting and spreading of the inks (coating liquids). In this
regard, the inventors of the present invention discovered that
when applying the inks to adjacent light emitting regions was
implemented in such a manner that the inks for the respective
light emitting regions overlapped each other, the blur at the
boundary between these light emitting regions could be sup-
pressed, so as to improve visibility. It seems that the reason for
it is that the light emitting layer at the boundary between the
adjacent light emitting regions becomes thicker to form a
contour with a lowered emission luminance, or, to form a
contour in a dark emission color by combination of the emis-
sion colors at the boundary between the adjacent light emit-
ting regions, whereby the boundary between them looks
sharp.

[0097] Since in the organic EL element 1A of the second
embodiment the foregoing coating method is used to make
the boundary region 53 A between the adjacent light emitting
regions 51A, 52A contain the both light emitting materials of
the light emitting regions 51 A, 52A, it can suppress the blur at
the boundary between these light emitting regions 51A, 52A,
s0 as to improve the visibility.

Third Embodiment

[0098] FIG. 5 is a view from the light emission surface side
of'the organic EL element according to the third embodiment
of the present invention, and FIG. 6 an enlarged cross-sec-
tional view along the line VI-VI of the organic EL element
shown in FIG. 5.

[0099] The organic EL element 1B shown in FIG. 5 and
FIG. 6 is different from the first embodiment in that it has a
light emitting layer 50B in place of the light emitting layer 50
in the organic EL element 1.

[0100] The light emitting layer 50B has two light emitting
regions 51B, 52B and the two light emitting regions 51B, 52B
are different in light emitting materials of the light emitting
layer in the respective light emitting regions. For this reason,
the two light emitting regions 51B, 52B are different in their
emission colors. For example, the light emitting region 51B
contains a red light emitting material as the light emitting
region 51 does, whereas the light emitting region 52B con-
tains a blue light emitting material as the light emitting region
52 does.

[0101] As a film formation method for the two light emit-
ting regions 51B, 52B, for example, an ink containing the red
light emitting material is applied to the light emitting region
51B and then an ink containing the blue light emitting mate-
rial is applied to the light emitting region 52B. At this time,
the inks are applied in such a manner that the light emitting
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region 51B is shifted relative to the light emitting region 52B
in a direction along the light emission surface.

[0102] In the present embodiment, out of the two light
emitting regions 51B, 52B, one light emitting region 51B is
arranged so as to be surrounded by the other light emitting
region 52B. In this case, when the ink corresponding to the
one light emitting region 51B is applied so as to be shifted in
the direction along the light emission surface, for example,
the first light emitting region, there is an overlap between the
one light emitting region 51B and the other light emitting
region 52B on one side in the shift direction while there is a
gap between the one light emitting region 51B and the other
light emitting region 52B on the other side in the shift direc-
tion.

[0103] For this reason, the inks for the respective light
emitting regions are applied so as to overlap, at the boundary
between the light emitting region 51B and the light emitting
region 52B and boundary in the direction of the shift of the
light emitting region 51B relative to the light emitting region
52B. On the other hand, the inks for the respective light
emitting regions are not applied in design, at the boundary
between the light emitting region 51B and the light emitting
region 52B and boundary in the opposite direction to the
direction of the shift of the light emitting region 51B relative
to the light emitting region 52B, but a thin film could be
formed because of flowage of the inks.

[0104] This causes the light emitting layer 50B to have a
boundary region 53B between the adjacent light emitting
regions 51B, 52B and this boundary region 53B comes to
contain the light emitting material of the light emitting layer
in the light emitting region 51B and the light emitting material
of the light emitting layer in the light emitting region 52B.
Furthermore, the light emitting layer 50B has a boundary
region 54B between the adjacent light emitting regions 51B,
52B and the thickness of the light emitting layer in this bound-
ary region 54B is even thinner than the thickness of the
thinner of the light emitting layer in the light emitting region
51B and the light emitting layer in the light emitting region
52B. The thickness of the light emitting layer in this boundary
region 54B is preferably not more than 0.7 times an average of
the thickness of the light emitting layer in the light emitting
region 51B and the thickness of the light emitting layer in the
light emitting region 52B and more preferably not more than
0.5 times the average.

[0105] In the boundary region 53B, depending upon the
viscosities of the inks or the like, the light emitting material of
the light emitting region 51B and the light emitting material
of the light emitting region 52B may be mixed, or, the light
emitting material of the light emitting region 51B and the
light emitting material of the light emitting region 52B may
be stacked in two layers. Furthermore, the thickness of the
light emitting layer in the boundary region 53B may be larger
than the thickness of the light emitting layer in the light
emitting region 51B and the thickness of the light emitting
layer in the light emitting region 52B.

[0106] On the other hand, in the boundary region 54B,
depending upon the viscosities of the inks or the like, the
electron injection layer and the cathode may be present with-
outthe light emitting material ofthe light emitting region 51B
and the light emitting material of the light emitting region
52B; alternatively the light emitting material of the light
emitting region 51B and the light emitting material of the
light emitting region 52B may be present as a thin film.
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[0107] The organic EL element 1B of this third embodi-
ment can also achieve the same advantage as the organic ELL
element 1 of the first embodiment does.

[0108] Inthe meantime, the inventors of the present inven-
tion discovered that a three-dimensional visual effect was
achieved by shifting a predetermined emission pattern rela-
tive to a surrounding emission pattern. It seems that the three-
dimensional visual effect is achieved for the following rea-
sons:

[0109] (i) on the one side in the shift direction, as described
above, the light emitting layer at the boundary between the
adjacent light emitting regions becomes thicker to form a
contour with a lowered emission luminance, or, to form a
contour in a dark emission color by combination of the emis-
sion colors at the boundary between the adjacent light emit-
ting regions; and

[0110] (ii) on the other side in the shift direction, con-
versely, the light emitting layer at the boundary between the
adjacent light emitting regions becomes thinner to form a
contour with a high emission luminance, or, to form a contour
in a light emission color by combination of the emission
colors at the boundary between the adjacent light emitting
regions.

[0111] An amount of the shift is, for example, from 0.05
mm to 15 mm, preferably from 0.1 mm to 2.0 mm, and more
preferably from 0.2 mm to 0.5 mm.

[0112] Theorganic EL element 1B ofthe third embodiment
achieves the three-dimensional effect because the use of the
aforementioned coating method results in making the bound-
ary region 53B between the adjacent light emitting regions
51B, 52B contain the both light emitting materials of the light
emitting regions 51B, 52B and making the boundary region
54B between the adjacent light emitting regions 51B, 52B
thinner than the thickness of the light emitting layer in both of
the light emitting regions 51B, 52B.

Fourth Embodiment

[0113] FIG. 7 is a view from the light emission surface side
of the organic EL. element according to the fourth embodi-
ment of the present invention, and FIG. 8 an enlarged cross-
sectional view along the line VIII-VIII of the organic EL.
element shown in FIG. 7.

[0114] The organic EL element 1C shown in FIG. 7 and
FIG. 8 is different from the first embodiment in that it has a
light emitting layer 50C in place of the light emitting layer 50
in the organic EL element 1.

[0115] The light emitting layer 50C has two light emitting
regions 51C, 52C and the two light emitting regions 51C, 52C
are different in thicknesses of the light emitting layer in the
respective light emitting regions. For this reason, the two light
emitting regions 51C, 52C are different in their emission
luminances. For example, the light emitting region 52C is
thicker than the light emitting region 51C. As the thickness of
the light emitting region increases, the electric resistance
becomes larger and an electric current becomes less likely to
flow, so as to make the emission luminance in the light emit-
ting region 52C lower than that in the light emitting region
51C.

[0116] Since in the organic EL element 1C of this fourth
embodiment the emission luminance is made different for
each of'the light emitting regions 51C, 52C in the light emit-
ting layer 50 to form a predetermined emission pattern such as
acharacter or a picture, the electrodes 20, 70 can be formed so
as to be continuous, without need for forming the electrodes
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20, 70 in the emission pattern. As a result, it becomes unnec-
essary to manufacture a mask for formation of electrode in
accordance with the emission pattern. For this reason, in
forming plural types of emission patterns, there is no need for
manufacturing masks for formation of electrodes in accor-
dance with the respective emission patterns, and thus it
becomes feasible to achieve simplification and cost reduction
of the manufacturing method.

Fifth Embodiment

[0117] FIG.9is a view from the light emission surface side
of'the organic EL element according to the fifth embodiment
of the present invention, and FIG. 10 an enlarged cross-
sectional view along the line X-X of the organic EL element
shown in FIG. 9.

[0118] The organic EL element 1D shown in FIG. 9 and
FIG. 10 is different from the first embodiment in that it has a
hole transport layer 40D in place of the hole transport layer 40
in the organic EL element 1.

[0119] In the hole transport layer 40D, the thicknesses of
the hole transport layer corresponding to two light emitting
regions 51D, 52D are different. For this reason, the two light
emitting regions 51D, 52D are different in their emission
luminances. For example, the light emitting region 52D is
thicker than the light emitting region 51D. In the function
layers except for the light emitting layer, the electric resis-
tance becomes larger with increase in thickness and an elec-
tric current becomes less likely to flow, so as to make the
emission luminance in the light emitting region 52C lower
than that in the light emitting region 51C.

[0120] Theorganic EL element 1D of'this fifth embodiment
has the same advantage as the organic EL element 1C of the
fourth embodiment does.

Sixth Embodiment

[0121] FIG. 11 is a view from the light emission surface
side of the organic EL element according to the sixth embodi-
ment of the present invention, and FIG. 12 a partly enlarged
cross-sectional view of a non-light-emitting region shown in
FIG. 11.

[0122] The organic EL element 1E shown in FIG. 11 and
FIG. 12 is different from the second embodiment in that it has
a light emitting layer 50E in place of the light emitting layer
50A in the organic EL element 1A.

[0123] The light emitting layer S0E further has a non-light-
emitting region 55, in addition to the two light emitting
regions 51A, 52A and the boundary region 53A between
them. The non-light-emitting region 55 is formed by applying
two types of inks 55a, 5556 in superposition. The ink 555 is the
same as the ink applied to the light emitting region 52A
adjacent to itself. On the other hand, the ink 554 is an ink that
contains the same light emitting material (i.e., the same color)
as the ink 5554, or, a non-light-emitting material and that has
the larger viscosity than the ink 555. The viscosity of this ink
556 is from 1 cp to 20 cp, preferably from 2 cp to 10 cp, and
more preferably from 2 cp to 5 cp. This makes the thickness
of' the light emitting layer in the non-light-emitting region 55
larger than the thickness of the light emitting layer in the light
emitting region 52A adjacent to itself and, as a result, the
emission luminance of the non-light-emitting region 55
becomes very low. This non-light-emitting region 55 is suit-
ably used for black characters or the like.
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[0124] In passing, conventionally, the ink 554 contained a
light emitting material having the viscosity equivalent to that
of the ink 555 and being different from the light emitting
material of the ink 555 (i.e., in a different color; e.g., the same
color as the ink applied to the light emitting region 51). In this
conventional form, the thickness of the ink 554 became
smaller in edge part A of the ink 55a and, as aresult, the region
around the non-light-emitting region 55 emitted light in the
color of the light emitting material contained in the ink 554
and the blur due to flowage of the ink occurred, so as to result
in failure in providing a sharp non-light-emitting region.
[0125] Since in the organic EL element 1E of this sixth
embodiment the ink 554 in the non-light-emitting region 55 is
of the same color as the ink 555 in the light emitting region
52A adjacent to itself or of the non-light-emitting material,
the edge part appears black even with emission thereof, first
ofall, and the ink 554 has the larger viscosity than the ink 555,
s0 as to reduce the blur due to flowage of the ink, whereby a
sharp non-light-emitting region is provided.

Seventh Embodiment

[0126] As described in the first embodiment, in the case
where the light emitting layer 50 and the function layers 30,
40, and 60 are formed, for example, by the coating method,
each layer is formed by applying a coating liquid to form a
coating film, and drying this coating film to solidify it, and in
the process of drying and solidifying the coating film, the film
thickness of the peripheral portion (end portion) may be sub-
jected to film thickness variation (increase of thickness/de-
crease of thickness) relative to the film thickness of the central
portion (coffee stain phenomenon).

[0127] Describing it in more detail, it is considered that the
coating liquid in the peripheral portion 100 of the coating
film, which has undergone wetting and spreading after being
applied as shown in FIG. 14 (a), flows back toward the central
portion 200 during the drying of the coating liquid as shown
in FIG. 14 (b), whereby an extreme peripheral part 101 of the
peripheral portion 100 becomes thinner while an inside part
102 thereof becomes thicker. For example, it is considered
that as the film thickness of the coating liquid becomes larger,
the width of constriction of the coating liquid from the periph-
eral portion 100 toward the central portion 200 during the
drying increases, so as to result in a greater recession from an
end 103 of coating position.

[0128] With occurrence of such film thickness variation in
formation of the light emitting layer 50, the thickness-de-
creased part 101 becomes a bright line and the thickness-
increased part 102 becomes a dark line. In the case where the
light emitting layer in the light emitting region 51 is in contact
with the light emitting layer in the light emitting region 52,
i.e., inthe case where the coating films (coating liquids) of the
respective light emitting regions are in contact, at the bound-
ary between the adjacent two light emitting regions 51, 52, as
in the first embodiment, if the bright line caused by the thick-
ness-decreased part 101 and the dark lines caused by the
thickness-increased parts 102 are produced at the boundary
between the two light emitting regions 51, 52 as shown in
FIG. 14 (¢) because of the foregoing film thickness variation,
the boundary will be visually recognized as fringed and
blurred.

[0129] Then, the seventh embodiment is configured so that,
in the process of forming the light emitting layer, the coating
liquid containing the light emitting material is applied to form
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a coating film in the film thickness of not less than 1 um and
not more than 6 um and the coating film is solidified to form
the light emitting layer.

[0130] When the film thickness of the coating film upon
applying the coating liquid (before the solidification of the
coating film) is set small, not less than 1 um and not more than
6 um, in this way, the constriction of the coating liquid from
the peripheral portion toward the central portion is suppressed
during the drying as shown in FIG. 14 (d), whereby the
recession from the end of the coating position can be sup-
pressed. Therefore, the thin film after the solidification can be
made while suppressing the film thickness variation (thick-
ness increase/thickness decrease) of the film thickness of the
peripheral portion (end portion) relative to the film thickness
of'the central portion. As a result, the occurrence of the fringe
at the boundary between the two light emitting regions 51, 52
can be suppressed, so as to improve the visibility.

[0131] The concept of the present invention can also be
applied to the function films. For example, in forming the hole
transport layer (function layer) 40D in the fifth embodiment,
the hole transport layer 40D may be formed by applying the
coating liquid containing the material constituting the hole
transport layer 40D, to form the coating film in the film
thickness of not less than 1 pm and not more than 6 pm, and
soliditying the coating film, whereby the film thickness varia-
tion (thickness increase/thickness decrease) of the film thick-
ness of the peripheral portion (end portion) relative to the film
thickness of the central portion can be suppressed in the
process of drying and solidifying the coating film, as
described above, and, as a result, the occurrence of the fringe
at the boundary between the two light emitting regions 51D,
52D can be suppressed, so as to improve the visibility.

Eighth Embodiment

[0132] The above-described seventh embodiment was con-
figured with focus on the film thickness of the coating film,
whereas the eighth embodiment is configured with focus on
the viscosity of the coating liquid. As described above, it
seems that the coating liquid in the peripheral portion 100 of
the coating film, which has undergone wetting and spreading
after being applied, flows back toward the central portion 200
during the drying of the coating liquid, whereby the extreme
peripheral part 101 of the peripheral portion 100 becomes
thinner and the inside part 102 thereof becomes thicker, and it
seems that, for example, as the viscosity of the coating liquid
becomes lower, the width of constriction of the coating liquid
from the peripheral portion 100 toward the central portion
200 during the drying increases, so as to result in a greater
recession from the end 103 of the coating position. In addi-
tion, a bulge (thickness increase) in the peripheral portion 100
is considered to be greater, too.

[0133] Then the eighth embodiment is configured in such a
manner that, in formation of the light emitting layer, the
coating liquid with the viscosity of not less than 7 cp and not
more than 20 cp containing the light emitting material is
applied to form a coating film and the coating film is solidified
to form the light emitting layer.

[0134] When the viscosity of the coating liquid is set high,
not less than 7 ¢p and not more than 20 cp, in this way, the
flowage of the coating liquid from the peripheral portion
toward the central portion during the drying can be sup-
pressed so as to suppress the recession from the end of the
coating position and further reduce the bulge (thickness
increase) of the peripheral portion. Therefore, the thin film
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after the solidification can be made while suppressing the film
thickness variation (thickness increase/thickness decrease) of
the film thickness of the peripheral portion (end portion)
relative to the central portion. As a result, the occurrence of
the fringe at the boundary between the two light emitting
regions 51, 52 can be suppressed, so as to improve the vis-
ibility.

[0135] The concept of the present invention can also be
applied to the function films. For example, in forming the hole
transport layer (function layer) 40D in the fifth embodiment,
the hole transport layer 40D may be formed by applying the
coating liquid with the viscosity of not less than 7 cp and not
more than 20 cp containing the material constituting the hole
transport layer 40D, to form a coating film and solidifying the
coating film, whereby the film thickness variation (thickness
increase/thickness decrease) of the film thickness of the
peripheral portion (end portion) relative to the film thickness
of the central portion can be suppressed, as described above,
and, as a result, the occurrence of the fringe at the boundary
between the two light emitting regions 51D, 52D can be
suppressed, so as to improve the visibility.

[0136] Thepresent invention can be modified in many ways
without having to be limited to the above-described embodi-
ments of the invention. For example, the embodiments of the
invention exemplified the form wherein the light emitting
layer had the two different light emitting regions, but the light
emitting layer may have three or more different light emitting
regions. The light emitting layer may be configured of a
mixture of light emitting regions of different emission colors
and light emitting regions of different emission luminances.
[0137] The embodiments of the invention exemplified the
form wherein the hole injection layer 30, hole transport layer
40, and electron injection layer 60 were provided as the func-
tion layers, in addition to the pair of electrodes 20, 70 and the
light emitting layer, but the features of the present invention
can be applied to the organic EL elements of various configu-
rations, as described below.

a) anode/light emitting layer/cathode

b) anode/hole injection layer/light emitting layer/cathode

¢) anode/hole injection layer/light emitting layer/electron
injection layer/cathode

d) anode/hole injection layer/light emitting layer/electron
transport layer/electron injection layer/cathode

e) anode/hole injection layer/hole transport layer/light emit-
ting layer/cathode

) anode/hole injection layer/hole transport layer/light emit-
ting layer/electron injection layer/cathode

g) anode/hole injection layer/hole transport layer/light emit-
ting layer/electron transport layer/electron injection layer/
cathode

h) anode/light emitting layer/electron injection layer/cathode
1) anode/light emitting layer/electron transport layer/electron
injection layer/cathode

Here, mark *“/” indicates that the layers on both sides of mark
“/” are stacked next to each other.

EXAMPLES

[0138] As Examples 1 to 3 of the present invention, the
organic EL element 1A of the second embodiment shown in
FIGS. 3 and 4, the organic EL element 1B ofthe third embodi-
ment shown in FIGS. 5 and 6, and the organic EL element 1C
of the fourth embodiment shown in FIGS. 7 and 8 were
produced as described below.
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Example 1

Base Step

[0139] First, a base substrate was prepared as one wherein
the anode 20 was formed on the glass substrate 10. Specifi-
cally, a transparent electroconductive film of ITO (with the
film thickness of 150 nm) was formed on the glass substrate
10 and thereafter a grid-like auxiliary electrode (with the line
width 50 pm and pitch 300 um) consisting of an APC film
(with the film thickness of 600 nm) was formed on the trans-
parent electroconductive film. A protecting insulating film
consisting of polyimide (Photoneece manufactured by Toray
Industries, Inc.) was formed on the grid-like auxiliary elec-
trode.

[0140] Next, acomposition (ink) for the hole injection layer
was applied onto the base substrate with the protecting insu-
lating film by means of a spin coater and dried to form the hole
injection layer 30 (in the film thickness of 65 nm).

[0141] Next, a composition (ink) for the hole transport
layer was applied by means of the spin coater and dried and
calcined at 10 Pa and 190° C. for 60 minutes by means of a
vacuum dryer, to form the hole transport layer 40 (in the film
thickness of 20 nm). The composition (ink) for the hole trans-
port layer was one obtained by dissolving a polymer for the
hole transport layer in a mixed solvent of 4-methoxy toluene
and cyclohexylbenzene (at a mixture ratio of2:8) so as to have
a solid content concentration of 0.5%.

(Light Emitting Layer Step)

[0142] Next, thelight emitting layer 50A was formed on the
foregoing base. Specifically, using a polymer for emission as
red ink for the light emitting region 51A (double-cross part),
it was applied to the foregoing base by inkjet printing to form
a thin film, the thin film was dried in vacuum to 10 Pa, and
calcination was carried out at 130° C. for ten minutes. The
composition for emission (red ink) was one obtained by dis-
solving the polymer for emission in a mixed solvent of
4-methoxy toluene and cyclohexylbenzene (at a mixture ratio
of 2:8) so as to have a solid content concentration of 2.0%.

[0143] Afterthat, using a polymer for emission of white for
the light emitting region 52A (background part), it was
applied by inkjet printing to form a thin film, the thin film was
dried in vacuum to 10 Pa, and calcination was carried out at
130° C. for ten minutes. The composition for emission (white
ink) was one obtained by dissolving the polymer for emission
in a mixed solvent of 4-methoxy toluene and cyclohexylben-
zene (at a mixture ratio of 2:8) so as to have a solid content
concentration of 0.7%.

[0144] At this time, the inks were applied so that the inks
for the respective light emitting regions overlapped by a
designed value of about 0.3 mm, at the boundary between the
light emitting region 51A and the light emitting region 52A.

(Post Step)

[0145] Next, the electron injection layer 60 and the cathode
70 were formed on the light emitting layer 50. Specifically,
NaF/Mg/Al/Ag were evaporated by 2 nm/2 nm/200 nm/100
nm on the light emitting layer 50. Thereafter, the resultant was
bonded to a counter substrate and the resulting lamination
was divided.
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Example 2

Base Step

[0146] The base step was the same as in the above-de-
scribed Example 1.

(Light Emitting Layer Step)

[0147] Next, the light emitting layer 50B was formed on the
aforementioned base. Specifically, using a polymer for emis-
sion as red ink for the light emitting region 51B (double-cross
part), it was applied to the foregoing base by inkjet printing to
form a thin film, the thin film was dried in vacuum to 10 Pa,
and calcination was carried out at 130° C. for ten minutes. The
composition for emission (red ink) was the same as in the
above-described Example 1.

[0148] Afterthat, using a polymer for emission of white for
the light emitting region 52B (background part), it was
applied by inkjet printing to form a thin film, the thin film was
dried in vacuum to 10 Pa, and calcination was carried out at
130° C. for ten minutes. The composition for emission (white
ink) was the same as in the above-described Example 1.
[0149] At this time, the inks were applied so that the light
emitting region 51B was shifted by 2 mm in the direction
along the light emission surface with respect to the light
emitting region 52B.

(Post Step)
[0150] The post step was the same as in the above-de-
scribed Example 1.

Example 3

Base Step

[0151] The base step was the same as in the above-de-
scribed Example 1.

(Light Emitting Layer Step)

[0152] Next, the light emitting layer 50C was formed on the
aforementioned base. Specifically, coating the foregoing base
by inkjet printing was carried out by means of an inkjet
printing device so that the light emitting region 51C (I-shaped
part) was formed as a thin film area of 40 nm and the light
emitting region 52C (background part) was formed as a thin
film area of 60 nm, after vacuum drying to 10 Pa, and calci-
nation was further carried out at 130° C. for ten minutes. A
composition for emission (ink) was one obtained by dissolv-
ing a polymer for emission in a mixed solvent of 4-methoxy
toluene and cyclohexylbenzene (at a mixture ratio of 2:8) so
as to have a solid content concentration of 1.4%.

(Post Step)

[0153] The post step was the same as in the above-de-
scribed Example 1.

[Evaluation]

[0154] FIG. 13 (a) to (¢) show the photographing results of
the light emission surfaces upon emission of Examples 1 to 3,
respectively. It is understood from FIGS. 13 (@) and (b) that
when the light emitting regions 51A, 51B (double-cross part)
and 52A, 52B (background part) in the light emitting layer are
made different in their respective emission colors as in
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Examples 1 and 2, the predetermined emission pattern such a
character or a picture can be formed. It is also understood
from FIG. 13 (¢) that when the light emitting regions 51C,
52C in the light emitting layer are made different in their
respective emission luminances as in Example 3, the prede-
termined pattern such as a character or a picture can be
formed.

[0155] It is understood from FIG. 13 (a) that in Example 1
the blur was successfully suppressed at the boundary between
the light emitting region 51 A (double-cross part) and the light
emitting region 52A (background part). Furthermore, it is
understood from FIG. 13 () that in Example 2 the three-
dimensional visual effect was successfully achieved.

[0156] Next, produced as Example 11 of the present inven-
tion as described below was an equivalent of the organic ELL
element 1 of the first embodiment shown in FIGS. 1 and 2
with application of the light emitting layer forming method of
the seventh embodiment, i.e., an equivalent of the organic ELL
element 1 wherein the film thickness of the coating film upon
applying the coating liquid for the light emitting layer (before
the solidification of the coating film) was small, not less than
1 um and not more than 6 pum, and wherein the light emitting
layer in the light emitting region 51 was in contact with the
light emitting layer in the light emitting region 52 at the
boundary between the adjacent two light emitting regions 51,
52, and Reference Examples 11 and 12 were produced as
described below. FIG. 2 shows the red light emitting material
and the blue light emitting material as the constituent mate-
rials of the light emitting layer 50, but it is noted that in the
below forms the materials different from those in FIG. 2 may
be used as the constituent materials of the light emitting layer
in some cases. In the following, the base step and the post step
are the same as in the above-described Example 1 and thus
will be omitted from the description.

Example 11

Light Emitting Layer Step

[0157] The light emitting layer 50 was formed on the fore-
going base. Specifically, coating the base was carried out by
means of the inkjet printing device using a polymer yellow
ink for emission for the light emitting region 51 (round part)
and using a polymer blue ink for emission for the light emit-
ting region 52 (background part) so as to form a thin film after
vacuum drying to 10 Pa, and calcination was carried out at
130° C. for ten minutes.

[0158] The composition for emission (yellow ink) used
herein was one obtained by dissolving the polymer for emis-
sion in a mixed solvent of 4-methoxy toluene and cyclohexy-
Ibenzene (at a mixture ratio of 2:8) so as to have a solid
content concentration of 0.7%, and the viscosity thereof was
controlled to 5 cp. The film thickness immediately after coat-
ing was controlled to 4.5 pm. The film thickness of the coating
film immediately after coating is a value obtained by back
calculation using the solid content concentration from a mea-
surement of the film thickness after the drying with a stylus
thickness meter (the same also applies to the below).

[0159] The composition for emission (blue ink) was one
obtained by dissolving the polymer for emission in a mixed
solvent of 4-methoxy toluene and cyclohexylbenzene (at a
mixture ratio of 2:8) so as to have a solid content concentra-
tion of 1.0%, and the viscosity thereof was controlled to 8 cp.
The film thickness immediately after coating was controlled
to 2.4 pm.

May 19, 2016

Reference Example 11

[0160] It is the same as Example 11 except that the film
thickness immediately after applying the yellow ink was 6.8
pm.

Reference Example 12

[0161] It is the same as Example 11 except that the film
thickness immediately after applying the yellow ink was 9.1
um and the film thickness immediately after applying the blue
ink was 4.8

[Evaluation]

[0162] FIG. 15 shows the photographing results of the light
emission surfaces upon emission of Example 11 and Refer-
ence Examples 11, 12. It is understood that in Reference
Example 12 the film thickness of the coating film upon apply-
ing the yellow ink for the light emitting region 51 (round part)
(before the solidification of the coating film) is large, 9.1 um,
whereby a bright line and a dark line appear at the boundary
between the two light emitting regions 51, 52 to make a bright
fringe visually recognized and that in Reference Example 11
the film thickness of the coating film upon applying the yel-
low ink for the light emitting region 51 (round part) (before
the solidification of the coating film) is made relatively
smaller, 6.8 um, whereby the appearance ofthe bright line and
the dark line at the boundary between the two light emitting
regions 51, 52 is relatively suppressed, so as to restrain vis-
ibility of the fringe. It is further understood that in Example
11 the film thickness of the coating film upon applying the
yellow ink for the light emitting region 51 (round part) (be-
fore the solidification of the coating film) is small, 4.5 pm,
whereby the appearance of the bright line and the dark line at
the boundary between the two light emitting regions 51,52 is
suppressed, so as to further restrain the visibility of the fringe.
[0163] Next, produced as Examples 21 and 22 of the
present invention as described below were equivalents of the
organic EL element 1 of the first embodiment shown in FIGS.
1 and 2 with application of the light emitting layer forming
method of the seventh embodiment, i.e., equivalents of the
organic EL element 1 wherein the film thickness of the coat-
ing film upon applying the coating liquid for the light emitting
layer (before the solidification of the coating film) was small,
not less than 1 um and not more than 6 pm, and wherein the
light emitting layer in the light emitting region 51 was in
contact with the light emitting layer in the light emitting
region 52 at the boundary between the adjacent two light
emitting regions 51, 52, and Reference Example 21 was pro-
duced as described below. In the following, the base step and
the post step are the same as in the above-described Example
1 and will be omitted from the description.

Example 21

Light Emitting Layer Step

[0164] The light emitting layer 50 was formed on the fore-
going base. Specifically, coating the base was conducted by
means of the inkjet printing device using a polymer purple ink
for emission for the light emitting region 51 (spiral part) and
using a polymer red ink for emission for the light emitting
region 52 (background part) so as to form a thin film after
vacuum drying to 10 Pa, and calcination was carried out at
130° C. for ten minutes.
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[0165] The composition for emission (purple ink) was one
obtained by dissolving the polymer for emission in a mixed
solvent of 4-methoxy toluene and cyclohexylbenzene (at a
mixture ratio of 2:8) so as to have a solid content concentra-
tion of 0.7%, and the viscosity thereof was controlled to 5 cp.
The film thickness immediately after coating was controlled
to 2.8 pm.

[0166] The composition for emission (red ink) was one
obtained by dissolving the polymer for emission in a mixed
solvent of 4-methoxy toluene and cyclohexylbenzene (at a
mixture ratio of 2:8) so as to have a solid content concentra-
tion of 0.7%, and the viscosity thereof was controlled to 5 cp.
The film thickness immediately after coating was controlled
to 3.8 pm.

Example 22

[0167] It is the same as Example 21 except that the film
thickness immediately after applying the red ink was 5.1 um.

Reference Example 21

[0168] It is the same as Example 21 except that the film
thickness immediately after applying the red ink was 6.4 um.

[Evaluation]

[0169] FIG. 16 shows the photographing results of the light
emission surfaces upon emission of Examples 21 and 22 and
Reference Example 21. It is understood that in Reference
Example 21 the film thickness of the coating film upon apply-
ing the red ink for the light emitting region 52 (background
part) (before the solidification of the coating film) is large, 6.4
um, whereby a bright line and a dark line appear at each
boundary between the two light emitting regions 51, 52 to
make a fringe visually recognized. In contrast to it, it is
understood that in Examples 22 and 21 the film thickness of
the coating film upon applying the red ink for the light emit-
ting region 52 (background part) (before the solidification of
the coating film) is made small, 5.1 um or 3.8 pm, respec-
tively, whereby the appearance of the bright line and the dark
line at each boundary between the two light emitting regions
51, 52 is suppressed, so as to restrain the visibility of the
fringe.

[0170] Next, produced as Examples 31 and 32 of the
present invention as described below were equivalents of the
organic EL element 1 of the first embodiment shown in FIGS.
1 and 2 with application of the light emitting layer forming
method of the seventh embodiment, i.e., equivalents of the
organic EL element 1 wherein the film thickness of the coat-
ing film upon applying the coating liquid for the light emitting
layer (before the solidification of the coating film) was small,
not less than 1 um and not more than 6 pm, and wherein the
light emitting layer in the light emitting region 51 was in
contact with the light emitting layer in the light emitting
region 52 at the boundary between the adjacent two light
emitting regions 51, 52. In Example 32, the light emitting
layer forming method of the eighth embodiment was also
applied. In the following, the base step and the post step are
the same as in the above-described Example 1 and will be
omitted from the description.

Example 31

Light Emitting Layer Step

[0171] The light emitting layer 50 was formed on the fore-
going base. Specifically, coating the base was conducted by
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means of the inkjet printing device using a polymer white ink
for emission for the light emitting region 51 (snow mark part)
and using a polymer blue ink for emission for the light emit-
ting region 52 (background part) so as to form a thin film after
vacuum drying to 10 Pa, and calcination was carried out at
130° C. for ten minutes.

[0172] The composition for emission (white ink) used was
one obtained by dissolving the polymer for emission in a
mixed solvent of 4-methoxy toluene and cyclohexylbenzene
(at a mixture ratio of 2:8) so as to have a solid content con-
centration of 0.7%, and the viscosity thereof was controlled to
5 cp. The film thickness immediately after coating was con-
trolled to 4.9 um.

[0173] The composition for emission (blue ink) used was
one obtained by dissolving the polymer for emission in a
mixed solvent of 4-methoxy toluene and cyclohexylbenzene
(at a mixture ratio of 2:8) so as to have a solid content con-
centration of 0.8%, and the viscosity thereof was controlled to
5 cp. The film thickness immediately after coating was con-
trolled to 3.4 um.

Example 32

[0174] Itisthe same as Example 31 except that the concen-
tration of the white ink was 1.4%, the viscosity was 11 cp, and
the film thickness after coating was 1.8 um.

[Evaluation]

[0175] FIG. 17 shows the photographing results of the light
emission surfaces upon emission of Examples 31 and 32. It is
understood that in Examples 31 and 32 the film thickness of
the coating film upon applying the blue ink for the light
emitting region 52 (background part) (before the solidifica-
tion of the coating film) is small, 3.4 pm, and the film thick-
ness of the coating film upon applying the white ink for the
light emitting region 51 (snow mark part) (before the solidi-
fication of the coating film) is small, 4.9 pm or 1.8 pm,
respectively, whereby the appearance of the bright line and
the dark line at the boundary between the two light emitting
regions 51, 52 is suppressed, so as to restrain the visibility of
the fringe. In Example 31 a slight dark line or fringe is
visually recognized at the boundary between the two light
emitting regions 51, 52. In contrast to it in Example 32 the
viscosity of the white ink for the light emitting region 51
(snow mark part) was further increased to 11 cp, whereby the
appearance of the dark line at the boundary between the two
light emitting regions 51, 52 was more suppressed, so as to
further restrain the visibility of the fringe.

INDUSTRIAL APPLICABILITY

[0176] The present invention is applicable to usage of the
organic EL element and the organic EL. element manufactur-
ing method capable of achieving the simplification and cost
reduction of the manufacturing method.

REFERENCE SIGNS LIST

[0177] 1, 1A, 1B, 1C, 1D, or 1E organic EL element; 10
substrate; 20 anode (first electrode); 30 hole injection layer;
40 or 40D hole transport layer; 50, 50A, 50B, 50C, or S0E
light emitting layer; 51, 52, 51A, 52A, 51B, 52B, 51C, 52C,
51D, or 52D light emitting region; 55 non-light-emitting
region; 60 electron injection layer; 70 cathode (second elec-
trode); 100 peripheral portion of coating film; 101 extreme
peripheral part of peripheral portion of coating film; 102
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inside part inside extreme peripheral part of peripheral por-
tion of coating film; 103 end of coating film; 200 central
portion of coating film.

1. An organic EL element comprising: a continuous first
electrode; a continuous second electrode; and a light emitting
layer arranged between the first electrode and the second
electrode,

wherein the light emitting layer has a plurality of light

emitting regions, and

wherein at least two light emitting regions out of the plu-

rality of light emitting regions are different in at least one
of emission color and emission luminance.

2. The organic EL element according to claim 1, wherein at
least two light emitting regions out of the plurality of light
emitting regions are different in light emitting materials con-
tained in the light emitting layer in the respective light emit-
ting regions.

3. The organic EL element according to claim 1, wherein
the light emitting layer in a boundary region between adjacent
light emitting regions out of the plurality of light emitting
regions contains a light emitting material contained in the
light emitting layer in one light emitting region of the adjacent
light emitting regions and a light emitting material contained
in the light emitting layer in the other light emitting region of
the adjacent light emitting regions.

4. The organic EL element according to claim 1, wherein
the light emitting layer in a boundary region between adjacent
light emitting regions out of the plurality of light emitting
regions is even thinner than the thinner light emitting layer out
of the light emitting layer in one light emitting region of the
adjacent light emitting regions and the light emitting layer in
the other light emitting region of the adjacent light emitting
regions.

5. The organic EL element according to claim 1, wherein at
least two light emitting regions out of the plurality of light
emitting regions are different in thicknesses of the light emit-
ting layer in the respective light emitting regions.

6. The organic EL element according to claim 1, further
comprising: a function layer arranged between the first elec-
trode and the second electrode and being different from the
light emitting layer,

wherein at least two light emitting regions out of the plu-

rality of light emitting regions are different in thick-
nesses of the function layer corresponding to the respec-
tive light emitting regions.

7. The organic EL element according to claim 1, wherein
the light emitting layer further has a non-light-emitting
region,

wherein the non-light-emitting region is formed by apply-

ing two types of coating liquids,

wherein one of the two types of coating liquids is the same

as the coating liquid for the light emitting layer in the
light emitting region adjacent to the non-light-emitting
region out of the plurality of light emitting regions, and
wherein the other of the two types of coating liquids con-
tains the same light emitting material as the light emit-
ting material of the coating liquid for the light emitting
layer in the light emitting region adjacent to the non-
light-emitting region, or, contains a non-light-emitting
material, and has a larger viscosity than the coating
liquid for the light emitting layer in the light emitting
region adjacent to the non-light-emitting region.

8. The organic EL element according to claim 1, wherein in

aboundary region between adjacent light emitting regions out
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of the plurality of light emitting regions, the light emitting
layer in one light emitting region of the adjacent light emitting
regions is in contact with the light emitting layer in the other
light emitting region of the adjacent light emitting regions.

9. An organic EL element manufacturing method for
manufacturing the organic EL element as defined in claim 1,
comprising:

a step of forming the continuous first electrode;

a step of forming the light emitting layer having the plu-
rality of light emitting regions, at least two light emitting
regions out of the plurality of light emitting regions
being different in at least one of emission color and
emission luminance; and

a step of forming the continuous second electrode.

10. The organic EL. element manufacturing method
according to claim 9, wherein the step of forming the light
emitting layer comprises, with respect to at least two light
emitting regions out of the plurality of light emitting regions,
applying coating liquids containing respective different light
emitting materials in respective patterns to the respective light
emitting regions to form coating films in patterns; and solidi-
fying the coating films to form the light emitting layer in each
of the light emitting regions.

11. The organic EL. element manufacturing method
according to claim 9, wherein the step of forming the light
emitting layer comprises, in a boundary region between adja-
cent light emitting regions out of the plurality of light emitting
regions, applying a coating liquid containing a light emitting
material for the light emitting layer in one light emitting
region of the adjacent light emitting regions and applying a
coating liquid containing a light emitting material for the light
emitting layer in the other light emitting region of the adjacent
light emitting regions.

12. The organic EL. element manufacturing method
according to claim 9, wherein a coating liquid containing a
light emitting material is not applied in a boundary region
between adjacent light emitting regions out of the plurality of
light emitting regions in the step of forming the light emitting
layer.

13. The organic EL. element manufacturing method
according to claim 9, wherein the step of forming the light
emitting layer comprises, with respect to at least two light
emitting regions out of the plurality of light emitting regions,
applying coating liquids containing respective light emitting
materials in different coating amounts so that thicknesses of
the light emitting layer in the respective light emitting regions
are different.

14. The organic EL. element manufacturing method
according to claim 9, further having a step of forming a
function layer different from the light emitting layer, between
the first electrode and the second electrode,

wherein the step of forming the function layer comprises,
with respect to at least two light emitting regions out of
the plurality of light emitting regions, applying a coating
liquid containing a material constituting the function
layer in different coating amounts so that thicknesses of
the function layer corresponding to the respective light
emitting regions are different, to form a coating film; and
solidifying the coating film to form the function layer.

15. The organic EL. element manufacturing method
according to claim 9,

wherein the step of forming the light emitting layer
includes a sub-step of forming a non-light-emitting
region in the light emitting layer, and
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wherein the sub-step of forming the non-light-emitting
region comprises: applying a coating liquid which con-
tains the same light emitting material as the light emit-
ting material of the coating liquid for the light emitting
layer in the light emitting region adjacent to the non-
light-emitting region out of the plurality of light emitting
regions, or, which contains a non-light-emitting mate-
rial, and which has a larger viscosity than the coating
liquid for the light emitting layer in the light emitting
region adjacent to the non-light-emitting region; and
thereafter applying the same coating liquid as the coat-
ing liquid for the light emitting layer in the light emitting
region adjacent to the non-light-emitting region.

16. The organic EL element manufacturing method
according to claim 9, wherein the step of forming the light
emitting layer comprises, with respect to a boundary region
between adjacent light emitting regions out of the plurality of
light emitting regions, applying a coating liquid so that the
light emitting layer in one light emitting region of the adjacent
light emitting regions is in contact with the light emitting
layer in the other light emitting region of the adjacent light
emitting regions.

17. The organic EL element manufacturing method
according to claim 9, wherein the step of forming the light
emitting layer comprises: applying a coating liquid contain-
ing a light emitting material to form a coating film in a film

14
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thickness of not less than 1 um and not more than 6 um; and
solidifying the coating film to form the light emitting layer.

18. The organic EL. element manufacturing method
according to claim 9, wherein the step of forming the light
emitting layer comprises; applying a coating liquid with a
viscosity of not less than 7 cp and not more than 20 cp
containing a light emitting material to form a coating film;
and solidifying the coating film to form the light emitting
layer.

19. The organic EL. element manufacturing method
according to claim 14, wherein the step of forming the func-
tion film comprises; applying a coating liquid containing a
material constituting the function layer to form a coating film
in a film thickness of not less than 1 um and not more than 6
um; and solidifying the coating film to form the function
layer.

20. The organic EL element manufacturing method
according to claim 14, wherein the step of forming the func-
tion layer comprises; applying a coating liquid with a viscos-
ity of not less than 7 cp and not more than 20 cp containing a
material constituting the function layer to form a coating film;
and solidifying the coating film to form the function layer.

21. The organic EL element manufacturing method
according to claim 9, wherein a method for applying the
coating liquid is an inkjet printing method.
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