US 20110018433A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2011/0018433 A1l

Rokuhara

(43) Pub. Date: Jan. 27, 2011

(54)

(75)

(73)

1)
(22)

(86)

METHOD OF PRODUCING ORGANIC
ELECTROLUMINESCENCE ELEMENT,
ORGANIC ELECTROLUMINESCENCE
ELEMENT, AND DISPLAY DEVICE

Inventor: Kouichi Rokuhara,

Shimotsuma-shi (JP)

Correspondence Address:

SUGHRUE MION, PLLC

2100 PENNSYLVANIA AVENUE, N.W., SUITE
800

WASHINGTON, DC 20037 (US)

Assigree: SUMITOMO CHEMCIAL
COMPANY, LIMITED, TOKYO
(IP)

Appl. No.: 12/935,242

PCT Filed: Mar. 11, 2009

PCT No.: PCT/IP2009/054629

§ 371 (e)(D),

(2), (4) Date: Sep. 28,2010

(30) Foreign Application Priority Data

Mar. 31, 2008 (JP) cevere e 2008-091563
Publication Classification

Int. Cl.
HO5B 33/00 (2006.01)
HO5B 33/10 (2006.01)

US.CL o 313/504; 445/23
ABSTRACT

(1)

(52)
(7)

A method of producing an organic electroluminescent ele-
ment according to the present invention is a method of pro-
ducing an organic electroluminescent element by stacking on
a substrate at least a cathode, an anode, and an organic light-
emitting layer disposed between the cathode and the anode.
The method of the present invention is characterized by com-
prising: an organic light-emitting layer forming step of form-
ing the organic light-emitting layer by applying an ink com-
prising an organic light-emitting material to an inside of a
partition wall built to surround a pixel region for forming a
pixel; and a surface treating step of treating a surface before
the organic light-emitting layer forming step with an organic
solvent from the side where the partition wall is built with
respect to the substrate. According to the method of the
present invention, the organic light-emitting layer can be
formed without film defects, and a high-quality organic elec-
troluminescent element and a high-quality display device
having the organic electroluminescent element are provided.
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METHOD OF PRODUCING ORGANIC
ELECTROLUMINESCENCE ELEMENT,
ORGANIC ELECTROLUMINESCENCE

ELEMENT, AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a method of produc-
ing an organic electroluminescent element (hereinafter, an
organic electroluminescent element may be referred to as an
organic EL element), to an organic EL element obtained using
the production method, and to a display device comprising
the organic EL element.

BACKGROUND ART

[0002] An organic EL element has a basic structure, as is
well known, comprising a first electrode (an anode or cath-
ode), a second electrode (a cathode or anode), and an organic
light-emitting layer provided between these electrodes. In
such a structure, when a current is allowed to flow between
the electrodes facing each other with the organic light-emit-
ting layer interposed therebetween, the organic light-emitting
layer emits light.

[0003] A display device using organic EL elements gener-
ally uses a display panel formed by arranging a large number
of organic EL elements in a matrix form, each of which
functions as a pixel. In such a display panel, its first electrodes
are formed in a fine pattern to provide a large number of
pixels, and partition walls for forming the large number of
pixel regions are formed in grid-like form over the patterned
first electrodes. The partition walls are formed by forming a
photoresist film on the first electrode pattern and patterning
the photoresist film using photolithography. The first elec-
trodes are exposed in inner regions surrounded by the large
number of partition walls, and these regions serve as the pixel
regions in some cases.

[0004] Ink repellency is imparted to the surfaces of the
large number of partition walls by forming them using a
photoresist material containing an ink repellant (water repel-
lant) material or by, after the formation of the partition walls,
coating their surfaces selectively with an ink repellant mate-
rial. The organic light-emitting layer is then formed on the
pixel regions. However, one or two or more organic material
layers (interlayers) may be formed before the formation of the
organic light-emitting layer.

[0005] Although a vacuum deposition method could be
used as the method of forming the organic light-emitting layer
on each pixel region so as to have a thickness of in the order
of 100 nm, a wet coating method is generally used because the
light-emitting layer can be made (formed) efficiently with
high precision. In the wet coating method, an organic light-
emitting material is dissolved in a solvent to prepare a coating
solution, and the coating solution is applied selectively to the
pixel regions. For applying selectively, a printing method
such as a relief printing method or an ink-jet printing method
is used.

[0006] For example, a method disclosed in Patent Docu-
ment 1 is known as one conventional method of forming an
organic light-emitting layer using the relief printing method.
The method disclosed in Patent Document 1 is characterized
by comprising: imparting ink repellency to the surfaces of the
partition walls by adding an ink repellent material into a
photoresist compound used as a partition wall material; and
forming an organic light-emitting layer by selectively apply-
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ing coating solutions of organic light-emitting materials by
relief printing to the pixel regions partitioned by the ink
repellent partition walls.

[0007] Patent Document 1 describes that the following
operational effects can be obtained by the disclosed method
of forming an organic light-emitting layer. By imparting ink
repellency to the partition walls, an organic material layer (a
hole transport layer in Patent Document 1), which is formed
before the formation of the organic light-emitting layer, can
be formed by coating the entire surface of a substrate with an
organic material ink (hole transport ink) at a time. More
specifically, even when the entire surface of the substrate,
including the surfaces of the partition walls, is coated with the
hole transport ink at a time, the hole transport ink applied to
the surfaces of the partition walls is repelled therefrom and
flows into each pixel region, so that the surfaces of the parti-
tion walls remain uncoated. Therefore, when each organic
light-emitting ink for forming the organic light-emitting
layer, which is formed after the formation of the hole trans-
port layer, is applied to the pixel regions by relief printing, the
partition walls could be coated with the organic light-emitting
ink; however, the ink is repelled from the ink repellent sur-
faces of the partition walls. Accordingly color mixing of
organic light-emitting materials in adjacent pixel regions can
be prevented.

[0008] Patent Document 1: JP 2006-286243 A
DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0009] As described in Patent Document 1, the method of

forming an organic light-emitting layer by applying organic
light-emitting inks using a relief printing method to pixel
regions partitioned by partition walls having ink repellent
surfaces is suitable for efficiently producing an organic EL
element. However, studies by the present inventors have
revealed that such a method has the following problems to be
solved.

[0010] When an organic light-emitting ink is selectively
applied to pixel regions by, for example, relief printing, the
organic light-emitting ink can be repelled from the peripheral
edges of the pixel regions and the pixel regions themselves.
Therefore, some portions are not coated with the organic
light-emitting ink, so that the organic light-emitting ink is not
applied over the entire pixel regions. In such a case, the total
area of the pixel regions that actually emit light can be not
greater than a design value. The amount oflight emitted from
a pixel with coating failure may be not greater than a design
value. In some cases, such a pixel may not emit light. This
results in uneven light emission, and the quality of light
emission is significantly reduced.

[0011] The present invention has been achieved in view of
the above circumferences. It is an object of the invention to
provide a method of producing an organic EL element that
can form an organic light-emitting layer without film defects.
Itis also an object of the invention is to provide an organic EL,
element obtained using the production method and a display
device comprising the organic EL element.

Means for Solving the Problem

[0012] To solve the above problems, the present invention
provides a method of producing an organic EL element, an
organic EL element obtained using the production method,
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and a display device comprising the organic EL element,
configured as described below.

[0013] [1] A method of producing an organic electrolumi-
nescent element in which at least a cathode, an anode, and an
organic light-emitting layer located between the cathode and
the anode are stacked on a substrate, the method comprising:
[0014] an organic light-emitting layer forming step of
forming the organic light-emitting layer by applying an ink
comprising an organic light-emitting material to the inside of
a partition wall built to surround a pixel region for forming a
pixel; and

[0015] asurfacetreating step of treating asurface before the
organic light-emitting layer forming step with an organic
solvent from the side where the partition wall is built with
respect to the substrate.

[0016] [2] The method of producing an organic electrolu-
minescent element according to the above [1], wherein the
step of treating the surface is a step of bringing the organic
solvent into contact with the surface from the side where the
partition wall is built with respect to the substrate.

[0017] [3] The method of producing an organic electrolu-
minescent element according to the above [2], wherein the
organic solvent is brought into contact with the surface from
the side where the partition wall is built with respect to the
substrate, by using a spin coating method, in the step of
treating the surface.

[0018] [4] The method of producing an organic electrolu-
minescent element according to the above [2] or [3], wherein
the step of treating the surface comprises drying the organic
solvent after the organic solvent is brought into contact with
the surface.

[0019] [5] The method of producing an organic electrolu-
minescent element according to any one of the above [1] to
[4], wherein the organic solvent comprises one or two or more
of solvents for an ink.

[0020] [6] The method of producing an organic electrolu-
minescent element according to any one of the above [1] to
[5], wherein the organic solvent comprises one or two or more
of solvents for the organic light-emitting material.

[0021] [7] The method of producing an organic electrolu-
minescent element according to the above [5] or [ 6], wherein
the organic solvent is anisole.

[0022] [8] The method of producing an organic electrolu-
minescent element according to any one of the above [1] to
[7], wherein the ink comprising the organic light-emitting
material is applied to the inside of the partition wall by a
printing method, in the step of forming the organic light-
emitting layer.

[0023] [9] The method of producing an organic electrolu-
minescent element according to the above [8], wherein the
printing method is a flexographic printing method.

[0024] [10] The method of producing an organic electrolu-
minescent element according to any one of the above [1] to
[9], further comprising an interlayer forming step of forming
an organic material layer in the pixel region before the surface
treating step.

[0025] [11] An organic electroluminescent element
obtained by the method of producing an organic electrolumi-
nescent element according to any one of the above [1] to [10].
[0026] [12] A display device comprising the organic elec-
troluminescent element according to the above [11].

Effect of the Invention

[0027] In the method of producing an organic EL element
according to the present invention, before an ink including an
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organic light-emitting material (hereinafter, this may be
referred to as an organic light-emitting ink) is applied to the
inside of a partition wall, the surface to be coated with the
organic light-emitting ink is treated with an organic solvent to
moderate ink repellency. This effectively improves a coating
property when the organic light-emitting ink is applied
thereto, resulting in a significant reduction in defects in the
coating of the organic light-emitting ink. Therefore, accord-
ing to the present invention, an organic EL. element and a
display device that are reduced in unevenness of light emis-
sion from their light-emitting surfaces and have a good light
emitting property can be obtained.

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

[0028] As described above, the method of producing an
organic EL element according to the present invention is a
method of producing an organic electroluminescent element
in which at least a cathode, an anode, and an organic light-
emitting layer disposed between the cathode and the anode
are stacked on a substrate. The method is characterized by
comprising: an organic light-emitting layer forming step of
forming the organic light-emitting layer by applying an ink
comprising an organic light-emitting material to the inside of
a partition wall built to surround a pixel region for forming a
pixel; and a surface treating step of treating a surface before
the organic light-emitting layer forming step with an organic
solvent from the side where the partition wall is built with
respect to the substrate.

[0029] The structure of the organic EL element produced
by the method of the present invention is described below, and
then the method of producing the organic EL element accord-
ing to the present invention is described in more detail.
[0030] (Substrate)

[0031] As the substrate for the organic EL element, any
substrate that is unchanged when the electrodes and the
organic material layer are formed may be used. Examples of
such a substrate may include glass, plastic, polymer film, and
silicon substrates and stacked bodies thereof. Also, a sub-
strate which is obtained by subjecting a plastic, polymer, or
similar film to treatment for reducing water permeability, may
be used. As the substrate, a commercially available substrate
may be used, and also the substrate may be prepared by a
known method.

[0032] (Electrodes and Light-Emitting Layer)

[0033] The organic EL element is formed by stacking at
least an anode, a cathode, and an organic light-emitting layer
located between the cathode and anode. At least one of the
anode and the cathode is a transparent electrode having light
transmittance property. A low-molecular and/or a macromo-
lecular organic light-emitting material is used for the light-
emitting layer.

[0034] Inthe organic EL element, a plurality of light-emit-
ting layers may be provided between the anode and the cath-
ode, and a layer other than the light-emitting layer may be
provided between the anode and the cathode. Hereinafter, a
layer provided between the cathode and the light-emitting
layer may be referred to as a cathode-side interlayer, and a
layer provided between the anode and the light-emitting layer
may be referred to as an anode-side interlayer.

[0035] Examples of the anode-side interlayer provided
between the anode and the light-emitting layer may include a
hole injection layer, a hole transport layer, and an electron
blocking layer.
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[0036] Thehole injection layer has a function of improving
hole injection efficiency from the cathode. The hole transport
layer has a function of improving hole injection from a hole
injection layer or a layer (hole transport layer) closer to the
anode. When the hole injection layer or the hole transport
layer has a function of blocking transport of electrons, these
layers may be referred to as electron blocking layers. Whether
or not these layers have a function of blocking transport of
electrons can be determined, for example, by producing an
element that allows only electron current to flow therethrough
and measuring the reduction in the current value to examine
the effects of blocking.

[0037] Examples of the cathode-side interlayer provided
between the cathode and the light-emitting layer include an
electron injection layer, an electron transport layer, and a hole
blocking layer.

[0038] The electron injection layer has a function of
improving electron injection efficiency from the cathode. The
electron transport layer has a function of improving electron
injection from the electron injection layer or a layer (electron
transport layer) closer to the cathode. When the electron
injection layer or the electron transport layer has a function of
blocking transport ofholes, these layers may be referred to as
hole blocking layers. Whether or not these layers have a
function of blocking transport of holes can be determined, for
example, by producing an element that allows only hole cur-
rent to flow therethrough and measuring the reduction in the
current value to examine the effects of blocking.

[0039] Examples of the layered structure of the layers pro-
vided between the anode and cathode may include: a structure
in which a hole transport layer is provided between the anode
and the light-emitting layer; a structure in which an electron
transport layer is provided between the cathode and the light-
emitting layer; and a structure in which an electron transport
layer is disposed between the cathode and the light-emitting
layer and also a hole transport layer is provided between the
anode and the light-emitting layer. Specific examples may
include the following layered structures of a) to d):

[0040] a) anode/light-emitting layer/cathode;

[0041] b) anode/hole transport layer/light-emitting layer/
cathode;

[0042] c¢) anode/light-emitting layer/electron transport

layer/cathode; and
[0043] d) anode/hole transport layer/light-emitting layer/
electron transport layer/cathode.

(The symbol *“/” means that the layers are stacked adjacent to
each other. The same is applied to the following description.)
[0044] In the above structures, the light-emitting layer has
a function of emitting light; the hole transport layer has a
function of transporting holes; and the electron transport
layer has a function of transporting electrons, as described
above. The electron transport layer and the hole transport
layer may be collectively referred to as charge transport lay-
ers. Two or more light-emitting layers, two or more hole
transport layers, or two or more electron transport layer may
be used independently. Among the charge transport layers
provided adjacent to the electrodes, a layer having the func-
tion of improving charge injection efficiency from an elec-
trode and the effect of reducing the driving voltage of the
element may be particularly referred to as a charge injection
layer (hole injection layer or electron injection layer).

[0045] To improve an adhesion property with an electrode
or a charge injection property from the electrode, the charge
injection layer or an insulating layer having a thickness of 2
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nm or less may be provided adjacent to the electrode. To
improve an adhesion property or to prevent mixing of the
interface, a thin buffer layer may be inserted into the interface
of the charge transport layers or the light-emitting layers. The
order, the number, and the thicknesses of the stacked layers
may be appropriately set in consideration of light emitting
efficiency and the life of the element.

[0046] Examples of the organic EL element having a

charge injection layer (electron injection layer, hole injection

layer) may include: an organic EL element including a charge
injection layer provided adjacent to the cathode; and an
organic EL element including a charge injection layer pro-
vided adjacent to the anode. Specific examples may include

the following structures of e) to p):

[0047] e)anode/charge injection layer/light-emitting layer/
cathode;

[0048] ) anode/light-emitting layer/charge injection layer/
cathode;

[0049] g)anode/charge injection layer/light-emitting layer/
charge injection layer/cathode;

[0050] h)anode/charge injection layer/hole transport layer/
light-emitting layer/cathode;

[0051] i) anode/hole transport layer/light-emitting layer/
charge injection layer/cathode;

[0052] j)anode/charge injection layer/hole transport layer/
light-emitting layer/charge injection layer/cathode;

[0053] k)anode/charge injection layer/light-emitting layer/
charge transport layer/cathode;

[0054] 1) anode/light-emitting layer/electron transport
layer/charge injection layer/cathode;

[0055] m) anode/charge injection layer/light-emitting
layer/electron transport layer/charge injection layer/cath-
ode;

[0056] n)anode/charge injection layer/hole transport layer/
light-emitting layer/charge transport layer/cathode;

[0057] o©) anode/hole transport layer/light-emitting layer/
electron transport layer/charge injection layer/cathode;
and

[0058] p)anode/charge injection layer/hole transport layer/
light-emitting layer/electron transport layer/charge injec-
tion layer/cathode.

[0059] (Anode)

[0060] As the above anode, for example, a thin film of a

metal oxide, metal sulfide, or metal, which has high electric

conductivity, may be use as a transparent electrode or a semi-
transparent electrode. A thin film having high light-transmit-
tance is preferably used. A suitable thin film is appropriately
selected depending on the organic layer used. Specific
examples of the thin films may include a thin film of indium
oxide, zinc oxide, tin oxide, indium-tin oxide (abbreviated as

ITO), indium-zine oxide (abbreviated as 170), gold, plati-

num, silver, copper. Among them, ITO, IZ0, and tin oxide are

preferably used.

[0061] Examples to be used as the anode may include

organic transparent conductive films made of polyaniline or

derivatives thereof, and polythiophene or derivatives thereof.

In addition, a thin film obtained from a mixture containing at

least one selected from the group consisting of a material used

for the organic transparent conductive films, a metal oxide, a

metal sulfide, a metal, a carbon material such as carbon nano-

tubes may be used as the anode.

[0062] For the anode, a material that reflects light may also

be used, and preferred examples of such a material may



US 2011/0018433 Al

include metals, metal oxides, and metal sulfides having a
work function of 3.0 eV or more.

[0063] Examples of the method of producing the anode
may include a vacuum deposition method, a sputtering
method, an ion plating method, and a plating method.
[0064] The thickness of the anode may be appropriately
selected in consideration of its light transmittance and electric
conductivity. The thickness is, for example, 5 nm to 10 pm,
preferably 10 nm to 1 pm, and more preferably 20 nm to 500
nm.

[0065] (Anode-Side Interlayer)

[0066] An anode-side interlayer such as a hole injection
layer or a hole transport layer is stacked between the anode
and the light-emitting layer, if necessary, as described in the
above.

[0067] (Hole Injection Layer)

[0068] The hole injection layer may be provided between
the anode and the hole transport layer or between the anode
and the light-emitting layer, as described in the above. No
particular limitation is imposed on the material that forms the
hole injection layer, and any known material may be appro-
priately used. Examples of such a material may include phe-
nylamine-based materials, starburst amine-based materials,
phthalocyanine-based materials, hydrazone derivatives, car-
bazole derivatives, triazole derivatives, imidazole derivatives,
oxadiazole derivatives having amino groups, oxides such as
vanadium oxide, tantalum oxide, tungsten oxide, molybde-
num oxide, ruthenium oxide, and aluminum oxide, amor-
phous carbon, polyaniline, and polythiophene derivatives.
[0069] The thickness of the hole injection layer is prefer-
ably about 5 to about 300 nm. When the thickness is less than
5 nm, its production tends to be difficult. When the thickness
exceeds 300 nm, the driving voltage and the voltage applied to
the hole injection layer tend to be large.

[0070] (Hole Transport Layer)

[0071] No particular limitation is imposed on the material
that forms the hole transport layer. Examples of such a mate-
rial may include: aromatic amine derivatives such as N,N'-
diphenyl-N,N'-di(3-methylphenyl)4,4'-diaminobiphenyl
(TPD) and 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphe-
nyl (NPB); polyvinylcarbazole and derivatives thereof; pol-
ysilane and derivatives thereof; polysiloxane derivatives hav-
ing an aromatic amine in their side chain or main chain;
pyrazoline derivatives; arylamine derivatives; stilbene deriva-
tives; triphenyldiamine derivatives; polyaniline and deriva-
tives thereof; polythiophene and derivatives thereof; polyary-
lamine and derivatives thereof; polypyrrole and derivatives
thereof; poly(p-phenylene vinylene) and derivatives thereof;
and poly(2,5-thienylene vinylene) and derivatives thereof.

[0072] Among them, polymer hole transport materials are
preferably used as the hole transport material used for the hole
transport layer. Examples of such polymer hole transport
materials include polyvinylcarbazole and derivatives thereof,
polysilane and derivatives thereof, polysiloxane derivatives
having an aromatic amine compound group in their side chain
or main chain, polyaniline and derivatives thereof, poly-
thiophene and derivatives thereof, polyarylamine and deriva-
tives thereof, poly(p-phenylene vinylene) and derivatives
thereof, and poly(2,5-thienylene vinylene) and derivatives
thereof. Specifically, polyvinylcarbazole and derivatives
thereof, polysilane and derivatives thereof, and polysiloxane
derivatives having an aromatic amine in their side chain or
main chain are more preferably used. When a low-molecular
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hole transport material is used, it is preferable that the trans-
port material is dispersed in a macromolecular binder.
[0073] No particular limitation is imposed on the thickness
of the hole transport layer. The thickness may be appropri-
ately changed according to the intended design and is prefer-
ably about 1 to about 1000 nm. When the thickness is less than
the lower limit, its production tends to be difficult, or suffi-
cient effects of hole transport tend not to be obtained. When
the thickness exceeds the above upper limit, the driving volt-
age and the voltage applied to the hole transport layer tend to
be large. Therefore, the thickness of the hole transport layer is
preferably 1 to 1000 nm, as described above, more preferably
2 nm to 500 nm, and more preferably 5 nm to 200 nm.
[0074] (Organic Light-Emitting Layer)

[0075] Theorganic light-emitting layer usually contains an
organic material (a low molecular compound or a macromo-
lecular compound) that mainly emits fluorescence or phos-
phorescence. The organic light-emitting layer may further
contain a dopant material. Examples of the material that
forms the organic light-emitting layer used in the present
invention may include the following dye-based materials,
metal complex-based materials, polymer-based materials,
and dopant materials.

[0076] Examples of the dye-based materials may include
cyclopendamine derivatives, tetraphenyl butadiene derivative
compounds, triphenylamine derivatives, oxadiazole deriva-
tives, pyrazoloquinoline derivatives, distyrylbenzene deriva-
tives, distyrylarylene derivatives, quinacridone derivatives,
coumarin derivatives, pyrrole derivatives, thiophene ring
compounds, pyridine ring compounds, perinone derivatives,
perylene derivatives, oligothiophene derivatives, oxadiazole
dimer, and pyrazoline dimer.

[0077] Examples of the metal complex-based materials
may include: metal complexes that emit light from a triplet
excitation state such as iridium complexes and platinum com-
plexes; and metal complexes such as an aluminum quinolinol
complex, a benzoquinolinol beryllium complex, a benzox-
azolyl zinc complex, a benzothiazole zinc complex, an azom-
ethyl zinc complex, a porphyrin zinc complex, and europium
complexes, which are complexes having a central metal such
as Al, Zn, Be, and a rare earth metal such as Tb, Eu and Dy,
and a ligand such as oxadiazole, thiadiazole, phenylpyridine,
phenylbenzimidazole, and a quinoline structure.

[0078] Examples of the polymer-based materials may
include poly-p-phenylene vinylene derivatives, poly-
thiophene derivatives, poly-p-phenylene derivatives, polysi-
lane derivatives, polyacetylene derivatives, polyfluorene
derivatives, polyvinylcarbazole derivatives, and polymerized
products of the above dye-based materials and metal com-
plex-based light-emitting materials.

[0079] Among the above organic light-emitting layer-
forming materials, examples of blue light-emitting materials
may include distyrylarylene derivatives and polymerized
products thereof, oxadiazole derivatives and polymerized
products thereof, polyvinylcarbazole derivatives, poly-p-
phenylene derivatives, and polyfluorene derivatives. Among
them, polymer materials such as polyvinylcarbazole deriva-
tives, poly-p-phenylene derivatives, and polyfluorene deriva-
tives are preferred.

[0080] Among the above organic light-emitting layer-
forming materials, examples of green light-emitting materi-
als may include quinacridone derivatives and polymerized
products thereof, coumarin derivatives and polymerized
products thereof, poly-p-phenylene vinylene derivatives, and
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polyfluorene derivatives. Among them, polymer materials
such as poly-p-phenylene vinylene derivatives and polyfluo-
rene derivatives are preferred.

[0081] Among the above light-emitting layer-forming
materials, examples of red light-emitting materials may
include coumarin derivatives and polymerized products
thereof, thiophene ring compounds and polymerized prod-
ucts thereof, poly-p-phenylene vinylene derivatives, poly-
thiophene derivatives, and polyfluorene derivatives. Among
them, polymer materials such as poly-p-phenylene vinylene
derivatives, polythiophene derivatives, and polyfluorene
derivatives are preferred.

[0082] For the purpose of, for example, improving the light
emitting efficiency or changing the wavelength of emitted
light, a dopant may be added to the organic light-emitting
layer. Examples of the dopant may include perylene deriva-
tives, coumarin derivatives, rubrene derivatives, quinacridone
derivatives, squalium derivatives, porphyrin derivatives,
styryl-based dyes, tetracene derivatives, pyrazolone deriva-
tives, decacyclene, and phenoxazone.

[0083] The thickness of such an organic light-emitting
layer is usually 2 nm to 200 nm.

[0084] (Cathode-Side Interlayer)

[0085] A cathode-side interlayer such as an electron injec-
tion layer or an electron transport layer is stacked between the
light-emitting layer and the cathode described later, if neces-
sary, as described in the above.

[0086] (Electron Transport Layer)

[0087] For forming the electron transport layer, a known
material may be used. Examples of such a material may
include oxadiazole derivatives, anthraquinodimethane and
derivatives thereof, benzoquinone and derivatives thereof,
naphthoquinone and derivatives thereof, anthraquinone and
derivatives thereof, tetracyanoanthraquinodimethane and
derivatives thereof, fluorenone derivatives, diphenyldicyano-
ethylene and derivatives thereof, diphenoquinone derivatives,
8-hydroxyquinoline and metal complexes of derivatives
thereof, polyquinoline and derivatives thereof, polyquinoxa-
line and derivatives thereof, and polyfluorene and derivatives
thereof.

[0088] Among them, oxadiazole derivatives, benzo-
quinone and derivatives thereof, anthraquinone and deriva-
tives thereof, 8-hydroxyquinoline and metal complexes of
derivatives thereof, polyquinoline and derivatives thereof,
polyquinoxaline and derivatives thereof, and polyfluorene
and derivatives thereof are preferably used. More preferably,
2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazol, ben-
zoquinone, anthraquinone, tris(8-quinolinol)aluminum, and
polyquinoline are used.

[0089] (Electron Injection Layer)

[0090] Theelectron injection layer is provided between the
electron transport layer and the cathode or between the light-
emitting layer and the cathode, as described in the above. The
electron injection layer is selected according to the type of the
light-emitting layer, and examples of the electron injection
layer may include alkali metals; alkaline-earth metals; alloys
containing at least one of the above metals; oxides, halides,
and carbonates of the above metals; and mixtures of these
materials.

[0091] Examples of the alkali metals and the oxides,
halides, and carbonates thereof may include lithium, sodium,
potassium, rubidium, cesium, lithium oxide, lithium fluoride,
sodium oxide, sodium fluoride, potassium oxide, potassium
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fluoride, rubidium oxide, rubidium fluoride, cesium oxide,
cesium fluoride, and lithium carbonate.

[0092] Examples of the alkaline-earth metals and the
oxides, halides, and carbonates thereof may include magne-
sium, calcium, barium, strontium, magnesium oxide, magne-
stum fluoride, calcium oxide, calcium fluoride, calcium fluo-
ride, barium oxide, barium fluoride, strontium oxide,
strontium fluoride, and magnesium carbonate.

[0093] Organic metal compounds doped with metals, metal
oxides, and metal salts, organic metal complex compounds,
and mixtures thereof may also be used as the material for the
electron injection layer.

[0094] The electron injection layer may have a layered
structure formed by stacking two or more layers. Specific
examples of the laminate may include Li/Ca. The electron
injection layer is formed by, for example, vapor deposition,
sputtering, or a printing method.

[0095] The thickness of the electron injection layer is pref-
erably about 1 nm to about 1 pm.

[0096] (Cathode)

[0097] For the material for the cathode, a material which
has a small work function and can easily inject electrons to the
light-emitting layer and/or a material having high electric
conductivity and/or a material having high reflectivity of
visible light are preferred. Specific examples of the cathode
material may include metals, metal oxides, alloys, graphite,
intercalated graphite, and inorganic semiconductors such as
zinc oxide (Zn0).

[0098] Examples of the above metals may include alkali
metals, alkaline-earth metals, transition metals, and group 13
metals in the periodic table. Specific examples of the metals
may include lithium, sodium, potassium, rubidium, cesium,
beryllium, magnesium, calcium, strontium, barium, gold, sil-
ver, platinum, copper, manganese, titanium, cobalt, nickel,
tungsten, tin, aluminum, scandium, vanadium, zine, yttrium,
indium, cerium, samarium, europium, terbium, and ytter-
bium.

[0099] Examples of the alloys may include alloys contain-
ing at least one of the above metals. Specific examples of the
alloys may include a magnesium-silver alloy, a magnesium-
indium alloy, a magnesium-aluminum alloy, an indium-silver
alloy, a lithium-aluminum alloy, a lithium-magnesium alloy,
a lithium-indium alloy, and a calcium-aluminum alloy.
[0100] The cathode is a transparent electrode or a semi-
transparent electrode, if necessary. Examples of the material
for the cathode may include: conductive oxides such as
indium oxide, zinc oxide, tin oxide, ITO, and IZO; and con-
ductive organic materials such as polyaniline and derivatives
thereof and polythiophene and derivatives thereof.

[0101] The cathode may have a layered structure having
two or more layers. The electron injection layer may be used
as the cathode.

[0102] The thickness of the cathode is appropriately
selected in consideration of electrical conductivity and dura-
bility. The thickness is, for example, 10 nm to 10 pm, prefer-
ably 20 nm to 1 pm, and more preferably 50 nm to 500 nm.
[0103] (Upper Sealing Film)

[0104] After the cathode is formed in the manner described
above, an upper sealing film for protecting a light-emitting
function unit having a basic structure of anode/light-emitting
layer/cathode is formed so as to seal the light-emitting func-
tion unit. The upper sealing film usually includes at least one
inorganic layer and at least one organic layer. The number of
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stacked layers is determined as appropriate. The inorganic
layers and the organic layers are basically stacked alternately.
[0105] Even if the light-emitting function unit is covered
with a substrate and the upper sealing film, the light-emitting
material in the organic light-emitting layer is easily oxidized
and also easily degraded in contact with water since the
plastic substrate has higher permeability of gas and liquid
than that of the glass substrate. Therefore, when a plastic
substrate is used as the substrate, a lower sealing film having
high barrier property against gas and liquid is stacked on the
plastic substrate, and then the light-emitting function unit is
stacked on the lower sealing film. The lower sealing film
usually has a structure similar to the structure of the upper
sealing film and is formed of a material similar to the material
for the upper sealing film.

[0106] [Method of Producing Organic EL Element]
[0107] Hereinafter, the method of producing an organic EL,
element according to the present invention is described in
more detail.

[0108] (Anode Forming Step)

[0109] A substrate formed of any of the above substrate
materials is prepared. When a plastic substrate having high
permeability of gas and liquid is used, a lower sealing film is
formed on the substrate in advance, if necessary.

[0110] Next, an anode is formed and patterned on the pre-
pared substrate by using any of the above anode materials.
When the anode is a transparent electrode, any of the above
transparent electrode materials such as ITO, IZO, tin oxide,
zinc oxide, indium oxide, and zinc-aluminum complex oxide
is used. When ITO, for example, is used, the patterned elec-
trode is formed by forming a uniform deposition film on the
substrate by the sputtering method and then patterning the
uniform film into a line pattern by photolithography.

[0111] (Partition Wall Forming Step)

[0112] After the line-patterned anode is formed, a photo-
sensitive material is applied to the substrate having the anode
formed thereon to stack a photoresist film. Next, the photo-
resist film is patterned into a grid-like form by photolithog-
raphy to form insulating partition walls. Rectangular regions
surrounded by the grid-like form of partition walls are pixel
regions, and the patterned anodes are exposed in the pixel
regions.

[0113] The insulating photosensitive material that forms
the insulating partition wall may be a positive resist or a
negative resist. It is important that the partition wall has the
insulating property. When the partition wall does not have the
insulating property, current likely flows between different
pixels, and this causes a display defect.

[0114] Specific examples of the photosensitive material
that forms the partition wall may include polyimide-based,
acrylic resin-based, and novolac resin-based photosensitive
compounds. To improve the display quality of the organic EL
element, a material having light-blocking property may be
added to the photosensitive material.

[0115] To impart ink repellency to the surface of the insu-
lating partition wall, anink repellent material may beadded to
the photosensitive material for forming the partition wall.
Alternatively, after the insulating partition wall is formed, the
surface thereof may be coated with an ink repellent material
to impart ink repellency to the surface of the partition wall. It
is preferable that the ink repellency can also work to both inks
for the interlayers and for the organic light-emitting layer, as
described later.
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[0116] Examples of the ink repellent compound used when
the ink repellent material is added to the photosensitive mate-
rial may include silicone-based compounds and fluorine-con-
taining compounds. Such ink repellent compounds are pre-
ferred because they exhibit ink repellency to both the organic
light-emitting ink (coating solution, described later) used for
forming the organic light-emitting layer and the organic
material inks (coating solutions, described later) for the inter-
layers such as a hole transport layer.

[0117] Examples of the method of forming the ink repellent
coating on the surface of the formed partition wall may
include: a method in which a coating solution containing an
ink repellent component is applied to the surfaces of the
partition walls; a method in which the functional groups of an
organic material on the surfaces of the partition walls are
substituted with fluorine to modify the surfaces; and a method
in which an ink repellent component is vaporized and depos-
ited on the surface of the partition wall. Specific examples of
the deposition method using a vapor phase method, described
the above, may include a plasma treatment using CF, gas as
an introduction gas. The partition wall of an organic material
is more easily fluorinated by CF, gas than the substrate and
the electrodes. Therefore, ink repellency may be selectively
imparted to the surface of the partition wall by plasma treat-
ment.

[0118] The photosensitive material (photoresist composi-
tion) for forming the insulating partition wall may be applied
by a coating method using, for example, a spin coater. a bar
coater, a roll coater, a die coater, a gravure coater, or a slit
coater. After curing, the coated film is patterned into a grid-
like form having desired dimensions by commonly used pho-
tolithography.

[0119] (Anode-Side Interlayer Formation Step)

[0120] After the insulating partition wall is formed, the
method includes an interlayer formation step of forming an
organic material layer in the pixel regions, if necessary, before
the subsequent step of surface-treating. The organic material
layer (anode-side interlayer) such as the hole transport layer
described above is thereby formed.

[0121] No particular limitation is imposed on the method of
forming the anode-side interlayer. Examples of the forming
method using a low-molecular material may include a form-
ing method using a solution mixture of the low-molecular
material and a macromolecular binder. Examples of the form-
ing method using a macromolecular material may include a
deposition method using a solution.

[0122] No particular limitation is imposed on the solvent
used for film formation using a solution, so long as the solvent
can dissolve the material for the above-mentioned anode-side
interlayer. Examples of such a solvent may include: chlorine-
based solvents such as chloroform, methylene 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; and ester-based solvents such as ethyl acetate,
butyl acetate, and ethy! cellosolve acetate.

[0123] Examples of the method of film formation using a
solution may include: coating methods using a solution such
as spin coating, casting, micro-gravure coating, gravure coat-
ing, bar coating, roll coating, wire bar coating, dip coating,
slit coating, capillary coating, spray coating, and nozzle coat-
ing methods; and printing methods such as gravure printing,
screen sprinting, flexographic printing, offset printing,
reverse printing, and ink-jet printing methods. Printing meth-
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ods such as gravure printing, screen sprinting, flexographic
printing, offset printing, reverse printing, and ink-jet printing
methods are preferred since pattern formation is easy.
[0124] A mixed macromolecular binder that does not
excessively inhibit charge transport is preferably used. In
addition, a macromolecular binder that absorbs only a small
amount of visible light is preferably used. Examples of such
a macromolecular binder may include polycarbonate, poly-
acrylate, polymethylacrylate, polymethylmethacrylate, poly-
styrene, polyvinylchloride, and polysiloxane.

[0125] When the coating solution is applied to the entire
surface of the substrate using any of the above coating meth-
ods, the partition wall may be coated with the coating solu-
tion. Bven in such a case, the coating solution on the partition
wall is repelled from the ink-repellent surface of the partition
wall, falls into the pixel region partitioned by the partition
wall, and forms a coating film within each pixel region. The
coating film within each pixel region is then dried and forms
the interlayer to exert its function.

[0126] (Surface-Treating Step)

[0127] In a conventional method of producing an organic
EL element, the organic light-emitting layer is formed after
the anode-side interlayer is formed if necessary, as described
above. However, in the present invention, before the organic
light-emitting layer is formed, a surface is treated with an
organic solvent from the side where the partition wall is built
with respect to the substrate (hereinafter, this surface may be
referred to as a substrate surface having the partition wall).
[0128] The surface-treating step is performed by bringing
the organic solvent into contact with the surface from the side
where the partition wall is built with respect to the substrate.
The organic solvent needs to be brought into contact with at
least the surface of the partition wall. The organic solvent is
notnecessarily brought into contact with the entire surfaces of
the substrate but is preferably brought into contact with the
entire substrate surface on the side having the partition walls
formed thereon.

[0129] Examples of the method of bringing the organic
solvent into contact with the substrate surface may include: a
spin coating method in which the substrate is rotated and the
organic solvent is dripped onto the rotating substrate to allow
the organic solvent to come in contact with the entire sub-
strate surface; a method in which the substrate is inclined and
the organic solvent is applied or sprayed to the inclined sub-
strate; and a method in which the substrate is immersed in the
organic solvent and is then pulled up therefrom. After the
organic solvent is brought into contact with the entire sub-
strate surface or with the partition wall and the surface of the
pixel region by using any of the above methods, the organic
solvent in contact with the surface is preferably dried so that
the droplets of the organic solvent do not remain thereon.
Examples of the drying method may include heat drying, air
drying, and air blowing.

[0130] Theorganic solvent used is preferably one or a com-
bination of two or more of the solvents for inks. Among the
solvents for inks, one or a combination of two or more of the
solvents for the organic light-emitting material (described
later) is more preferably used. Specific examples of the sol-
vent for the organic light-emitting material may include tolu-
ene, xylene, acetone, anisole, methyl ethyl ketone, methyl
isobutyl ketone, cyclohexanone, and solvent mixtures
thereof, and anisole is preferred.

[0131] The surface treatment with the organic solvent mod-
erates the ink repellency of the surface of the partition wall to
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some extent, but the ink repellency is not lost. More specifi-
cally, even when the organic light-emitting ink is applied to
the partition wall after the surface of the partition wall are
treated with the organic solvent, the repellency of the partition
wall to the organic light-emitting ink is not lost, and the
partition wall still retain the required ink repellency.

[0132] (Organic Light-Emitting Layer Formation Step)
[0133] After the completion ofthe surface-treating step, the
step of forming an organic light-emitting layer is performed.
As the organic light-emitting material used for the organic
light-emitting layer, the materials described above such as the
macromolecular weight of organic light-emitting materials
and/or any of the low-molecular weight of organic light-
emitting materials are used.

[0134] When a macromolecular organic light-emitting
material is used, a coating solution of the organic light-emit-
ting material (organic light-emitting ink) is prepared by dis-
solving or stably dispersing the macromolecular material ina
solvent. Examples of the solvent for dissolving or dispersing
the organic light-emitting material may include: single sol-
vents such as toluene, xylene, acetone, anisole, methy! ethyl
ketone, methyl isobutyl ketone, and cyclohexanone; and any
mixed solvents thereof. Among these, aromatic organic sol-
vents such as toluene, xylene, and anisole are preferred
because they have favorable dissolvability of the organic
light-emitting material. If necessary, a surfactant, an antioxi-
dant, a viscosity modifier, an UV absorber, and the like may
be added to the ink of the organic light-emitting material.
[0135] The methods for applying a ink including a organic
light-emitting material (organic light-emitting ink) to the
inside of the partition wall may include the following. When
the organic EL element emits monochromatic light used fora
lighting device, it is not necessary to consider to apply selec-
tively; therefore, any of coating methods such as spin coating,
casting, micro-gravure coating, gravure coating, bar coating,
roll coating, wire bar coating, dip coating, slit coating, capil-
lary coating, spray coating, and nozzle coating methods may
be used. When the organic EL element emits multi-color light
used for a color display device, predetermined organic light-
emitting inks need to be selectively applied to respective pixel
regions to avoid color mixing. Examples of such methods
may include printing methods such as gravure printing,
screen printing, flexographic printing, offset printing, reverse
printing, and ink-jet printing methods. Among them, to apply
the organic light-emitting inks accurately to the inner regions
of the partition walls, the ink-jet printing and flexographic
printing methods are preferred. The flexographic printing
method is particularly preferred.

[0136] With aconventional method, when an organic light-
emitting ink is applied to the inside of the partition wall using
any of the above methods, the coating solution could be
repelled from the ink-repellent side surface of the partition
wall and the surface of the anode or the anode-side interlayer,
resulting in defects in the coating (coating unevenness). How-
ever, in the present invention, the surface-treating step by
using the organic solvent is performed before the organic
light-emitting layer forming step. The ink repellency is
thereby moderated to an appropriate extent, so that the occur-
rence of coating unevenness is prevented. Therefore, the
organic light-emitting ink is applied such that the entire sur-
face of the pixel region is coated with the ink to a design value,
and then coating is formed over the entire surfaces of the each
pixel region. The organic light-emitting coating formed on
the each pixel region without coating unevenness is to be the
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organic light-emitting layer through a drying step performed
as appropriate, and the function of the organic light-emitting
layer is thereby exerted.

[0137]

[0138] A cathode-side interlayer such as a hole transport
layer or a hole injection layer is formed after the organic
light-emitting layer is formed, if necessary.

[0139] No particular limitation is imposed on the method of
forming the cathode-side interlayer when this interlayer is an
electron transport layer. Examples of the method when a
low-molecular electron transport material is used may
include vacuum deposition using power and deposition from
a solution or molten state material. Examples of the method
when a macromolecular electron transport material is used
may include deposition from a solution or molten state mate-
rial. When deposition from a solution or molten state material
is used, a macromolecular binder may also be used at the same
time. To form the electron transport layer using a solution, a
deposition method similar to any of the above-described
methods of depositing the hole transport layer using a solu-
tion may be used.

[0140] The electron injection layer is formed using, for
example, vacuum deposition, sputtering, or a printing
method.

[0141] (Cathode Forming Step)

[0142] The cathode is formed using any of the above-de-
scribed materials by, for example, vacuum deposition, sput-
tering, a CVD method, ion plating, laser ablation, or a lami-
nating method in which a metal thin film is bonded by
thermal-compression.

[0143] After the cathode is formed in the manner described
above, an upper sealing film is formed to protect the light-
emitting function unit having a basic structure of anode/light-
emitting layer/cathode. The upper sealing film may include at
least one inorganic layer and at least one organic layer, if
necessary. The number of the stacked layers is determined as
appropriate, and the inorganic layers and the organic layers
are basically stacked alternately.

[0144] The organic EL element in the present embodiment
is useful as surface light sources, light sources for segment
display devices and dot-matrix display devices, and back-
lights of liquid crystal display devices.

[0145] When the organic EL element in the present
embodiment is used as a surface light source, the flat anode
and cathode are disposed so as to overlap each other as viewed
from a stacking direction.

[0146] Examples for the method of forming an organic EL
element that is used as the light source of a segment display
device and emits patterned light may include: a method in
which a mask having a patterned window that allows light to
pass therethrough is disposed on the surface light source; a
method in which the organic layer is formed such that its
extinction portions are formed to have an extremely large
thickness to substantially prevent light from being emitted
therefrom; and a method in which at least one of the anode
and the cathode is formed into a pattern. A segment-type
display device capable of displaying numbers, characters,
and simple symbols can be achieved by forming organic EL
elements that emit patterned light using any of these methods
and wiring their electrodes such that voltage can be selec-
tively applied to desired electrodes. To use the organic EL
elements as the light source of a dot-matrix display device, for
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example, their anodes and cathodes are formed into stripes
and arranged so as to be orthogonal to each other as viewed
from a stacking direction.

[0147] Examples of methods to achieve a partial color or
multicolor dot-matrix display may include a method of apply-
ing a plurality of light-emitting materials that emit different
colors to different areas or a method of using a color filter, a
fluorescent conversion filter or the like. These dot-matrix
display devices may be driven passively or actively in com-
bination with TFTs or the like.

[0148] These display devices are useful as a display device
for a computer, a television set, a portable terminal, a mobile
phone, a car navigation, a viewfinder of the video camera and
the like.

[0149] The above planar light sources are of the thin self-
light-emitting type, and are useful as backlights of liquid
crystal display devices and planar light sources for lighting
devices. When a flexible substrate is used, the organic EL
element may be used as curved light sources or display
devices.

EXAMPLES

[0150] Examples of the present invention are shown below.
The examples shown below are to describe the present inven-
tion through preferable ones, but they do not limit the present
invention.

Example

[0151] Inthe Example shown below, an organic EL element
having a layered structure was used in which a hole injection
layer was provided as an anode interlayer and no cathode
interlayer was provided. The present invention is character-
ized by including the surface-treating step in which the sur-
face of a substrate on which a partition wall has been formed
is treated with an organic solvent. Therefore, the present
invention is applicable to any types of organic EL elements
having layered structures other than those shown in the
Example described below, and similar operational effects can
be obtained.

[0152] (Preparation of Substrate and Formation of Anodes)
[0153] First, an ITO thin film was formed on a transparent
glass plate of 200 mm (length)x200 mm (width)x0.7 mm
(thickness) and was patterned, thus forming stripe-shaped
anodes. The repetition pitch of the anodes was 80 um. The
width of the anodes (lines) was 70 wum, and the spacing
between the anodes was 10 um (line:spacing=70 pm:10 yum).
As viewed from one thickness direction of the substrate, pixel
regions in which pixels were formed were formed as islands
on the ITO thin film extending in one direction, and the
islands were spaced apart from each other by a predetermined
spacing in the one direction.

[0154] (Formation of Partition Walls)

[0155] Next, the entire surface of the substrate was spin-
coated with a positive photoresist (product name “OFPR-
800,” product of Tokyo Ohka Kogyo Co., Ltd.), and the
obtained coating was dried to form a photoresist layer having
a thickness of 1 pm.

[0156] Next, a photo-mask designed so as to shield regions
other than the pixel regions from UV rays as viewed from one
thickness direction of the substrate was placed on the photo-
resist layer, and the photoresist layer was irradiated with UV
rays from an alignment exposure apparatus (product name
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“MA1300,” product of Dainippon Screen Mfg. Co., Ltd.)
through the photo-mask (exposure step).

[0157] After the exposure step, the exposed portions of the
photoresist layer were removed using a resist developer
(product name “NMD-3,” product of Tokyo Ohka Kogyo Co.,
Ltd.) (development step).

[0158] Then, the glass substrate was subjected to heat treat-
ment on a hot plate at 230° C. for 1 hour to completely
heat-cure the developed photoresist layer (heat-curing step).
[0159] In the above photolithography steps, the partition
walls (organic insulating layer) surrounding the pixel regions
were formed, and the anode appeared within the inner regions
of the partition walls. The width of the lines of the obtained
partition walls was 20 um, and their height was 2 um. Each
pixel region had a rectangular shape of 60 pmx180 pum.
[0160] Next, the partition walls were subjected to ink repel-
lent treatment in a vacuum plasma apparatus (product name
“RIE-200L,” product of SAMCO International Inc.) using
CF, gas.

[0161] (Formation of Anode-Side Interlayer)

[0162] Next, a suspension of poly(3,4-ethylenediox-
ythiophene)/polystyrene sulfonate (product name “BaytronP
AT4083,” product of Bayer) was filtrated through a 0.2 pm
membrane filter. The filtrate was applied to the pixel regions
using a nozzle coating method. Then the coating layer was
subjected to heat treatment at 200° C. for 20 minutes, thus
forming a hole injection layer having a thickness of 60 nm.
[0163] (Treatment of Substrate Surface on Partition Wall
Side With Solvent)

[0164] Next, a total of 30 mL of anisole was continuously
dripped onto the substrate, and anisole was brought into con-
tact with (applied to) the entire surface of the substrate using
a spin coating method. Then, the substrate was subjected to
air blow treatment for about 30 minutes to dry the substrate.
[0165] (Formation of Organic Light-Emitting Layer)
[0166] A polymer light-emitting material (product name
“RP158,” product of Sumation Co., [td) used as an organic
light-emitting material was dissolved in a solvent mixture
prepared by mixing anisole and cyclohexylbenzene in a
weight ratio of 1:1, thus preparing an organic light-emitting
ink (the concentration of the polymer light-emitting material:
1percent by weight). The organic light-emitting ink (viscos-
ity: 28 cp) was applied to the inside of the insulating partition
wall that had been treated with anisole, using a flexographic
printing method. The resultant coating film was dried, thus
forming an organic light-emitting layer having a thickness of
60 nm in the pixel regions. The time after completion of the
surface treatment with anisole until the printing using the
organic light-emitting ink was started was about 30 minutes.
[0167] The conditions of the organic light-emitting layer
formed on each pixel region were observed under an optical
microscope (product name “OPTIPHOTO 88 product of
Nikon Corporation, magnification of the objective lens: 50x).
It was found that there was no evidence that the organic
light-emitting ink was repelled from the partition wall and the
anode-side interlayer and that the organic light-emitting layer
was formed over the entire areas of the pixel regions.

[0168] (Formation of Cathode)

[0169] Next, calcium used as the cathode was evaporated
onto the organic light-emitting layer to a thickness of 100
angstroms, and aluminum used as an oxidation protection
layer was evaporated thereon to a thickness of 2000 ang-
stroms. An organic EL element having a bottom emission
structure was thereby produced.
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[0170] When the organic EL element obtained as above
was turned on to emit light, the light emitting intensity was
uniform over its entire light-emitting surface.

Comparative Example

[0171] An organic EL element was produced by the same
procedure as in the above Example except that “the treatment
of the substrate surface from the partition wall side with a
solvent” before the formation of the organic light-emitting
layer in the Example was not performed.

[0172] Immediately after the formation of the organic light-
emitting layer, conditions of the organic light-emitting layer
formed on each pixel region were observed under an optical
microscope (product name “OPTIPHOTO 88, product of
Nikon Corporation, magnification of the objective lens: 50x).
It was found that some of the pixel regions inside of the
partition walls have defective portions in which the organic
light-emitting layer was not formed as viewed from one thick-
ness direction of the substrate because the organic light-
emitting ink was repelled from the partition wall and the
surface of the anode-side interlayer.

[0173] When the organic EL element obtained in the Com-
parative Example was turned on to emit light, unevenness of
light emission occurred on its light-emitting surface.

INDUSTRIAL APPLICABILITY

[0174] As described above, according to the present inven-
tion of the method of a organic EL element, the organic EL
element can be produced so that the formation area of the
organic light-emitting layer does not fall below the designed
value. With the method of producing an organic EL element
according to the present invention, an organic EL element and
a display device which are excellent in light-emitting charac-
teristics can be obtained.

1. A method of producing an organic electroluminescent
element in which at least a cathode, an anode, and an organic
light-emitting layer located between the cathode and the
anode are stacked on a substrate, the method comprising:
an organic light-emitting layer forming step of forming the
organic light-emitting layer by applying an ink compris-
ing an organic light-emitting material to the inside of a
partition wall built to surround a pixel region for forming
a pixel; and

a surface treating step of treating a surface before the
organic light-emitting layer forming step with an
organic solvent from the side where the partition wall is
built with respect to the substrate.

2. The method of producing an organic electroluminescent
element according to claim 1, wherein the step of treating the
surface is a step of bringing the organic solvent into contact
with the surface from the side where the partition wall is built
with respect to the substrate.

3. The method of producing an organic electroluminescent
element according to claim 2, wherein the organic solvent is
brought into contact with the surface from the side where the
partition wall is built with respect to the substrate, by using a
spin coating method, in the step of treating the surface.

4. The method of producing an organic electroluminescent
element according to claim 2, wherein the step of treating the
surface comprises drying the organic solvent after the organic
solvent is brought into contact with the surface.
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5. The method of producing an organic electroluminescent
element according to claim 1, wherein the organic solvent
comprises one or two or more of solvents for an ink.

6. The method of producing an organic electroluminescent
element according to claim 1, wherein the organic solvent
comprises one or two or more of solvents for the organic
light-emitting material.

7. The method of producing an organic electroluminescent
element according to claim 1, wherein the organic solvent is
anisole.

8. The method of producing an organic electroluminescent
element according to claim 1, wherein the ink comprising the
organic light-emitting material is applied to the inside of the
partition wall by a printing method, in the step of forming the
organic light-emitting layer.
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9. The method of producing an organic electroluminescent
element according to claim 8, wherein the printing method is
a flexographic printing method.

10. The method of producing an organic electrolumines-
cent element according to claim 1, further comprising an
interlayer forming step of forming an organic material layer
in the pixel region before the surface treating step.

11. An organic electroluminescent element obtained by the
method of producing an organic electroluminescent element
according to claim 1.

12. A display device comprising the organic electrolumi-
nescent element according to claim 11.

* ok ok sk ok
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