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(57) ABSTRACT

Disclosed is a method for manufacturing an organic EL
display panel in which a plurality of organic electrolumi-
nescence elements each including an organic layer are
arranged on an upper side of a substrate. The method
includes applying an ink obtained by dissolving or dispers-
ing an organic material in a solvent to a preset application
area over the substrate, and cooling the ink applied in the
applying within a period until the ink is dried, to lower an
ink temperature to a second temperature lower than a first
temperature of the ink at a time of application thereof.
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METHOD AND APPARATUS FOR
MANUFACTURING ORGANIC EL DISPLAY
PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority benefit of Japanese
Patent Application No. JP 2018-043376 filed in the Japan
Patent Office on Mar. 9, 2018. Each of the above-referenced
applications is hereby incorporated herein by reference in its
entirety.

BACKGROUND

[0002] The present disclosure relates to a method and
apparatus for manufacturing an organic electroluminescence
(EL) display panel, more particularly to a technology for
forming an organic layer in a film thickness as uniform as
possible by an applying (coating) system.

[0003] In recent years, developments of an organic EL
display panel utilizing light emission by organic EL ele-
ments have been made vigorously. The organic EL element
includes pixel electrodes (lower electrodes) on a pixel basis,
organic functional layers including an organic light emitting
layer, and a counter electrode (upper electrode) common for
a plurality of organic EL elements, which are sequentially
provided over a substrate, and holes and electrons supplied
from the pixel electrodes and the counter electrode are
recombined in the organic light emitting layer, whereby an
organic light emitting material emits light.

[0004] Hitherto, the organic light emitting layer in the
organic EL display panel has often been formed by a dry
process such as vacuum deposition. In recent years, how-
ever, attendant on the progress of applying (coating) tech-
nology, a technology of forming the organic light emitting
layer by a wet process has been spreading.

[0005] The wet process is a process in which a solution
obtained by dissolving or dispersing an organic light emit-
ting material in an organic solvent (the solution will here-
inafter be referred to simply as “ink™) is applied to required
parts by an applying (coating) device, and is dried to form
the organic light emitting layer. The wet process is advan-
tageous on a cost basis in that equipment cost can be
suppressed, even in the case of manufacturing a large-type
organic EL display panel, and material utilization factor is
high.

[0006] Examples of the related-art documents include
Japanese Patent Laid-Open Nos. 2010-97956, 2012-209138,
2014-225432, and 2010-115577.

[0007] However, in order to define pixels while avoiding
mixing of inks containing different organic light emitting
materials, banks are provided on a substrate. If an ink is
applied to an application area surrounded by the banks and
is dried as it is, the ink portions in contact with side surfaces
of the banks would rise, and a central portion of the organic
light emitting layer would be formed in a recessed shape.
Thus, it is difficult to make uniform the film thickness of the
organic light emitting layer formed inside of the banks.
[0008] Therefore, uniformity of light emission in the pixel
of the organic light emitting layer may be spoiled, possibly
leading to a lowering in light emitting efficiency, deteriora-
tion of image quality, and a shortening of the useful life of
the organic EL display panel itself.
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[0009] This problem can be generated in the formation of
not only the organic light emitting layer but also other
organic layers such as a hole injection layer, a hole transport
layer, an electron transport layer, and an electron injection
layer, by the wet process.

SUMMARY

[0010] The present disclosure has been made in consider-
ation of the above-mentioned circumstances. Accordingly, it
is desirable to provide a method for manufacturing an
organic EL display panel by which organic layers can be
formed by a wet process in film thicknesses as uniform as
possible, and it is possible to restrain a lowering in light
emission efficiency, deterioration of image quality, and a
shortening of the useful life, and a manufacturing apparatus
directly used for carrying out the method.

[0011] According to a mode of the present disclosure,
there is provided a method of manufacturing an organic EL
display panel in which a plurality of organic EL elements
each including an organic layer are arranged on an upper
side of a substrate, the method including: applying an ink
obtained by dissolving or dispersing an organic material in
a solvent to a preset application area over the substrate; and
cooling the ink applied in the applying within a period until
the ink is dried, to lower an ink temperature to a second
temperature lower than a first temperature of the ink at a
time of application thereof.

[0012] In addition, according to another mode of the
present disclosure, there is provided an apparatus for manu-
facturing an organic EL display panel in which a plurality of
organic EL elements each including an organic layer are
arranged on an upper side of a substrate, the apparatus
including: an applying section that applies an ink obtained
by dissolving or dispersing an organic material in a solvent
to a preset application area over the substrate; and a cooling
section that cools the ink applied by the applying section
within a period until the ink is dried, to lower an ink
temperature to a second temperature lower than a first
temperature of the ink at a time of application thereof.

[0013] According to the method and apparatus for manu-
facturing an organic EL display panel of the present disclo-
sure, even in the case of forming organic layers by a wet
process, the film thicknesses of the organic layers can be as
uniform as possible, and it is possible to provide an organic
EL display panel in which a lowering in light emission
efficiency, deterioration of image quality, and a shortening of
the useful life can be restrained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1is a plan view illustrating the configuration
of an organic EL display device on which an organic EL
display panel is mounted;

[0015] FIG. 2 is a sectional view illustrating schematically
a stack structure of an organic EL element in the organic EL
display panel,

[0016] FIGS. 3A, 3B, 3C, 3D and 3E are partial sectional
views depicting schematically a manufacturing process of
the organic EL element;

[0017] FIGS. 4A, 4B, 4C and 4D are partial sectional
views depicting schematically the manufacturing process of
the organic EL element following FIGS. 3A, 3B, 3C, 3D and
3E;
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[0018] FIGS. 5A, 5B, 5C and 5D are partial sectional
views depicting schematically the manufacturing process of
the organic EL element following FIGS. 4A, 4B, 4C and 4D;
[0019] FIG. 6 is a flow chart illustrating the manufacturing
process of the organic EL element;

[0020] FIGS. 7A, 7B and 7C are schematic drawings for
illustrating a formation process of a light emitting layer in
the related art method of manufacturing an organic EL
element;

[0021] FIGS. 8A, 8B and 8C are schematic drawings for
illustrating a formation process of a light emitting layer in a
method of manufacturing an organic EL element according
to an embodiment of the present disclosure;

[0022] FIG.9 is a schematic view illustrating the configu-
ration of a light emitting layer forming apparatus according
to an embodiment of the present disclosure;

[0023] FIG. 10 is a schematic sectional view depicting an
example of the configuration of a cooling plate;

[0024] FIG. 11 is a block diagram illustrating the configu-
ration of a control section of the light emitting layer forming
apparatus;

[0025] FIG. 12 is a perspective view depicting the con-
figuration of an ink applying section in the light emitting
layer forming apparatus;

[0026] FIG. 13 is a flow chart illustrating the contents of
control of the control section in the light emitting layer
forming apparatus;

[0027] FIG. 14 is a graph depicting a film shape of a light
emitting layer formed by a film forming step according to an
embodiment of the present disclosure, in comparison with a
film shape obtained by the related art film forming step;
[0028] FIG. 15 is a drawing illustrating a modification of
the range of cooling by the cooling plate in the light emitting
layer forming apparatus;

[0029] FIG. 16 is a drawing depicting a modification of a
cooling structure in a carrying section of the light emitting
layer forming apparatus; and

[0030] FIG. 17 is a drawing illustrating a modification of
a cooling structure in a drying section of the light emitting
layer forming apparatus.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

<<How One Mode of the Present Disclosure Has Been
Reached>>

[0031] An organic light emitting layer in an organic EL
display panel has often been formed by a dry process such
as vacuum deposition. Attendant on the progress of an
applying technology (coating technology), however, devel-
opments have been under way to form an organic light
emitting layer by a wet process which is superior to the dry
process in terms of manufacturing cost.

[0032] However, at the time of forming an organic light
emitting layer by the wet process as aforementioned, an ink
would come into a film shape of rising along side surfaces
of banks and being recessed in a central area, so that it is
difficult to make vniform the film thickness of the ink.
[0033] In order to avoid such a phenomenon, contrivances
for restraining the applied ink from rising along the side
surfaces of the banks have hitherto been made, such as
giving a repellent property to the side surfaces of the banks
(for example, Japanese Patent Laid-Open No. 2010-97956),
or causing the side walls of the banks to be inclined toward
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the light emitting layer side (reverse taper) (for example,
Japanese Patent Laid-Open No. 2012-209138). Even
according to such contrivances, however, it has not yet been
achieved to sufficiently make uniform the film thickness of
the light emitting layer.

[0034] Particularly, in recent years, demand for higher
resolution of displayed images have become stronger, and
the width of one pixel has been narrowed more. On the other
hand, such an improvement as to lessen the ink portions
(pixel portions) rising along the side surfaces of banks
(hereinafter referred to as “the rising portions™) has not been
made so much. As a result, the proportion of the rising
portions in one pixel would increase, and the uniformity of
the film thickness of the light emitting layer would be further
deteriorated.

[0035] The present inventor made extensive and intensive
researches for enhancing the uniformity of the film thickness
of a light emitting layer formed by the wet process; as a
result of the researches, the inventor has found out that
convection is generated in the inside of the ink in the period
from the application of the ink onto a substrate to the drying
of the ink. and that the convection is a large detrimental
factor with respect to uniformization of the film thickness.
[0036] Specifically, when an ink is applied to an applica-
tion region surrounded by banks, a solvent is gradually
evaporated from the surface of the ink. In this case, since the
evaporation rate varies on a partial basis, the density of the
ink becomes nonuniform, convection is generated in the
applied ink, and, due to the convection, forces act on the ink
such as to press the ink against the bank side surfaces. If
drying of the ink progresses under this condition, the amount
of the ink rising along and adhering to the bank side surfaces
increases, and the amount of the ink in a central area is
accordingly reduced to cause the ink to be hollowed in a
recessed shape, leading to a nonuniform film thickness of the
organic light emitting layer after drying. This has been found
by the present inventor. For restraining this phenomenon and
for making uniform, as much as possible, the film thickness
of an organic layer, particularly a light emitting layer,
formed by a wet process, the present inventor has reached
one mode of the present disclosure.

<<Summary of one Mode of the Present Disclosure>>

[0037] A method for manufacturing an organic EL display
panel according to one mode of the present disclosure is a
method of manufacturing an organic EL display panel in
which a plurality of organic EL elements each including an
organic layer are arranged on an upper side of a substrate,
the method including: an applying step of applying an ink
obtained by dissolving or dispersing an organic material in
a solvent to a preset application area over the substrate; and
a cooling step of cooling the ink applied in the applying step
within a period until the ink is dried, to lower an ink
temperature to a second temperature lower than a first
temperature of the ink at the time of application thereof.
[0038] According to such a mode, the applied ink is dried
in a state in which the viscosity of the ink is enhanced and
convection of the ink is restrained, whereby the rising
portions in film formation can be lessened, and, therefore,
the film thickness of the organic layer can be made uniform.
[0039] As another mode of the present disclosure, the
second temperature in the above-mentioned mode is pref-
erably lower than the first temperature by not less than 10°
C.



US 2019/0280205 A1

[0040] In addition, the second temperature is preferably
equal to or lower than 5° C.

[0041] With the second temperature set as above-men-
tioned, it is possible to suppress convection of the ink more
effectively, and to realize uniformization of the film thick-
ness of the organic layer.

[0042] As a further mode of the present disclosure, the
cooling step in the above-mentioned mode preferably
includes cooling the applied ink simultaneously with the
application thereof.

[0043] According to such a mode, the convection in the
applied ink is effectively restrained at an initial stage.

[0044] As vet another mode of the present disclosure, the
applying step in the above-mentioned mode may include a
carrying step of carrying the substrate coated with the ink to
a later-stage device, and the cooling step may include
cooling the applied ink during when the substrate is carried
in the carrying step.

[0045] Besides, as a yet further mode, the method may
include a drying step of drying the applied ink in a drying
section, and a carrying step of carrying the substrate from a
position at which the ink is applied in the applying step to
a position of the drying step, and the cooling step may
include cooling the applied ink during when the substrate is
carried in the carrying step and/or during when the ink is
dried in the drying step.

[0046] By thus cooling the ink in the carrying step and/or
the drying step, also, convection of the ink can be restrained.

[0047] As still another mode of the present disclosure, the
drying section in the above-described mode is preferably a
vacuum drying device. According to such a configuration,
the solvent in the ink can be speedily evaporated to thereby
form the organic film.

[0048] As astill further mode of the present disclosure, the
organic layer in the above-mentioned mode includes at least
one of an organic light emitting layer, a hole injection layer,
a hole transport layer, an electron injection layer, and an
electron transport layer.

[0049] Where the above-mentioned manufacturing
method is adopted at the time of forming at least one of the
organic light emitting layer, the hole injection layer, the hole
transport layer, the electron injection layer, and the electron
transport layer, it is thereby possible to realize uniformiza-
tion of the film thickness and to provide a high-quality
organic EL display panel.

[0050] In addition an organic EL display panel manufac-
turing apparatus according to another mode of the present
disclosure is an apparatus for manufacturing an organic EL
display panel in which a plurality of organic EL element
each including an organic layer are arranged on an upper
side of a substrate, the apparatus including: an applying
section that applies an ink obtained by dissolving or dis-
persing an organic material in a solvent to a preset applica-
tion area over the substrate; and a cooling section that cools
the ink applied by the applying section within a period until
the ink is dried, 1o lower an ink temperature to a second
temperature lower than a first temperature of the ink at a
time of application thereof.

[0051] As a further mode of the present disclosure, the
second temperature in the above-mentioned mode is pref-

erably lower than the first temperature by not less than 10°
C.
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[0052] Besides, as yet another mode of the present dis-
closure, the second temperature in the above-mentioned
mode is preferably equal to or lower than 5° C.

[0053] As ayet further mode of the present disclosure, the
cooling section in the above-mentioned mode may cool the
applied ink simultaneously with the application thereof.

[0054] As still another mode of the present disclosure, the
cooling section in the above-mentioned mode may include a
cooling plate and may cool the applied ink through the
substrate by placing the substrate on the cooling plate.

[0055] As a still further mode of the present disclosure, the
apparatus in the above-mentioned mode may include a
carrying section that carries the substrate coated with the ink
by the applying section to a later-stage device. The cooling
section may cool the applied ink during when the substrate
is carried by the carrying section.

[0056] As another mode of the present disclosure, the
apparatus in the above-mentioned mode may include a
drying section that dries the ink applied by the applying
section, and a carrying section that carries the substrate from
the applying section to the drying section. The cooling
section may cool the applied ink during when the substrate
is carried by the carrying section and/or during when the ink
is dried by the drying section.

[0057] As a further mode of the present disclosure, the
drying section in the above-mentioned mode may include a
vacuum drying device.

[0058] As yet another mode of the present disclosure, the
organic layer in the above-mentioned mode may include at
least one of an organic light emitting layer, a hole injection
layer, a hole transport layer, an electron injection layer, and
an electron transport layer.

[0059] According to such an apparatus for manufacturing
the organic EL display panel, it is possible, by carrying out
the above-mentioned method of manufacturing the organic
EL display panel, to make uniform the film thickness of the
organic layer as much as possible and to provide a high-
quality organic EL display panel.

[0060] Note that the expression “on” in the above-de-
scribed modes of the present disclosure does not refer to the
upper direction (vertically upper side) in absolute space
recognition, but is defined by a relative positional relation
based on the stacking order in the stack structure of the
organic EL display panel. Specifically, in the organic EL
display panel, a direction which is perpendicular to the main
surface of the substrate and which is on the side of being
directed from the substrate toward the stacked matter side is
made to be the upper direction. In addition, in the case of an
expression “over the substrate,” it does not refer to only a
region in direct contact with the substrate, but includes
regions located on the upper side of the substrate through a
stacked matter.

Embodiment

[0061] A method and an apparatus for manufacturing an
organic EL display panel according to one mode of the
present disclosure will be described below, referring to the
drawings. Note that the drawings include schematic ones,
and the contraction scale, the aspect ratio and the like of the
members may differ from the actual ones.
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1. General Configuration of Organic EL Display Device

[0062] FIG. 1 is a block diagram illustrating the general
configuration of an organic EL display device 100 on which
is mounted an organic EL display panel 10 as an object of
manufacture by the method of manufacturing an organic EL
display panel according to an embodiment of the present
disclosure.

[0063] The organic EL display device 100 is a display
device used, for example, for television sets, personal com-
puters, business-use displays (electronic signboards and
large-type screens for commercial facilities) and the like.
[0064] The organic EL display device 100 includes an
organic EL display panel 10, and a driving control section
500 electrically connected thereto.

[0065] In the present embodiment, the organic EL display
panel 10 is a top emission type display panel in which an
upper surface is a rectangular image display surface. In the
organic EL, display panel 10, a plurality of organic EL
elements (not illustrated) are arranged along the image
display surface, and images are displayed by combinations
of light emission from the organic EL elements. Note that
the organic EL display panel 10 adopts an active matrix
system as an example.

[0066] The driving control section 500 includes driving
circuits 510 connected to the organic EL display panel 10,
and a control circuit 520 connected to an external device
such as a computer or a reception device. The driving circuit
510 includes a power source circuit for supplying electric
power to each organic EL element, a signal circuit for
impressing a voltage signal for controlling the electric power
supplied to each organic EL element, a scanning circuit for
changing over the part of impression of the voltage signal at
predetermined intervals, and the like.

[0067] The control circuit 520 controls operations of the
driving circuits 510 according to data inclusive of image
information inputted from the external device or reception
device.

[0068] Note that the four driving circuits 510 are arranged
in the periphery of the organic EL display panel 10 as an
example in FIG. 1, the configuration of the driving control
section 500 is not limited to this configuration, and the
number and positions of the driving circuits 510 may be
changed as required. In addition, in the following, for
convenience of description, as depicted in FIG. 1, the
direction along the long sides of the upper surface of the
organic EL display panel 10 will be an X direction, and the
direction along short sides of the upper surface of the
organic EL display panel 10 will be a Y direction.

2. Configuration of Organic EL Display Panel

[0069] In the organic EL display panel 10, one pixel
includes three sub-pixels which emit light in red (R), green
(G), and blue (B), respectively. Each of the sub-pixels
includes an organic EL element that emits light in the
corresponding color.

[0070] Since the organic EL elements for the respective
colors have substantially the same configurations, they are
referred to as the organic EL elements 1 when not discrimi-
nated from one another.

[0071] FIG. 2 is a partial sectional view illustrating sche-
matically a stack structure of one organic EL element 1. As
illustrated in the figure, the organic EL element 1 includes a
substrate 11, an inter-layer insulating layer 12, a pixel
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electrode 13, banks 14, a hole injection layer 15, a hole
transport layer 16, a light emitting layer 17, an electron
transport layer 18, an electron injection layer 19, a counter
electrode 20, and a sealing layer 21.

[0072] The substrate 11, the inter-layer insulating layer 12,
the electron transport layer 18, the electron injection layer
19, the counter electrode 20, and the sealing layer 21 are not
formed on a pixel basis but are formed in common for the
plurality of organic EL elements 1 possessed by the organic
EL display panel 10.

(1) Substrate

[0073] The substrate 11 includes a base material 111 which
is an insulating material, and a thin film transistor (TFT)
layer 112. The TFT layer 112 is formed with driving circuits
on a sub-pixel basis. As the base material 111, there can be
used, for example, glass substrate, quartz substrate, silicon
substrate, metallic substrates of molybdenum sulfide, cop-
per, zinc, aluminum, stainless steel, magnesium, iron, nickel,
gold, silver or the like, semiconductor substrates of gallium
arsenide or the like, plastic substrates, and the like.

[0074] As the plastic material, either of thermoplastic
resins and thermosetting resins may be used. Examples of
such resins include polyethylene, polypropylene, poly-
amides, polyimides (PI), polycarbonate, acrylic resin, poly-
ethylene terephthalate (PET), polybutylene terephthalate,
polyacetal, fluororesins, various thermoplastic elastomers
based on styrene, polyolefin, polyvinyl chloride, polyure-
thane, fluororubber, chlorinated polyethylene, or the like,
epoxy resins, unsaturated polyesters, silicone resins, poly-
urethane, and the like, or copolymers, blends, polymer
alloys and the like containing these as main ingredient, and
laminates of one or more of these can be used.

(2) Inter-Layer Insulating Layer

[0075] The inter-layer insulating layer 12 is formed on an
upper side of the substrate 11. The inter-layer insulating
layer 12 is formed using a resin material, and is for flattening
steps present in an upper surface of the TFT layer 112.
Examples of the resin material include positive-type photo-
sensitive materials. Besides, examples of such photosensi-
tive materials include acrylic resins, polyimide resins, silox-
ane resins, and phenolic resins. In addition, though not
depicted in the sectional view in FIG. 2, the inter-layer
insulating layer 12 is formed with contact holes on a
sub-pixel basis.

(3) Pixel Electrode

[0076] The pixel electrode 13 includes a metallic layer
formed using a light-reflective metallic material, and is
formed on an upper side of the inter-layer insulating layer
12. The pixel electrodes 13 are provided on a sub-pixel
basis, and are each electrically connected to the TFT layer
112 through the contact hole (not illustrated).

[0077] In the present embodiment, the pixel electrode 13
fanctions as an anode.

[0078] Specific examples of the light-reflective metallic
material include Ag (silver), Al (aluminum), aluminum
alloys, Mo (molybdenum), APC (an alloy of silver, palla-
dium, and copper), ARA (an alloy of silver, rubidium, and
gold), MoCr (an alloy of molybdenum and chromium),
MoW (an alloy of molybdenum and tungsten), and NiCr (an
alloy of nickel and chromium).
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[0079] The pixel electrode 13 may include the metallic
layer solely, but may have a stack layer structure in which
a layer of a metallic oxide such as ITO (indium tin oxide) or
170 (indium zinc oxide) is stacked on an upper side of the
metallic layer.

(4) Bank

[0080] The banks 14 are formed on an upper side of the
hole injection layer 15 in a state in which partial regions on
the upper side of the pixel electrode 13 and the hole injection
layer 15 are exposed and the surrounding regions are cov-
ered. A region (opening area 14a) which is not covered by
the bank 14 is present on the upper side of the hole injection
layer 15.

[0081] In the present embodiment, the bank 14 is formed
on an upper side of the inter-layer insulating layer 12, in
areas where the pixel electrode 13 is not formed. In other
words, in the areas where the pixel electrode 13 is not
formed, a bottom surface of the bank 14 is in contact with
an upper surface of the inter-layer insulating layer 12. The
banks 14 function as a structure for preventing an applied
ink from overflowing, in the case where the light emitting
layer 17 is formed by an applying method (coating method).
[0082] The banks 14 are formed using a material such as,
for example, an insulating organic material (e.g., acrylic
resins, polyimide resins, siloxane resins, or phenolic resins).
In the present embodiment, a phenolic resin is used for
forming the banks 14.

(5) Hole Injection Layer

[0083] The hole injection layer 15 is provided on an upper
side of the pixel electrode 13 for the purpose of accelerating
injection of holes from the pixel electrode 13 into the light
emitting layer 17. The hole injection layer 15 is a layer
formed using an oxide of Ag (silver), Mo (molybdenum), Cr
(chromium), V (vanadium), W (tungsten), Ni (nickel), or Ir
(iridium), or a conductive polymer material such as PEDOT
(a mixture of polythiophene and polystyrenesulfonic acid).
[0084] Among the above-mentioned, a hole injection layer
15 formed using a metal oxide has a function of generating
holes stably or assisting generation of holes and injecting the
holes into the light emitting layer 17, and has a great work
function.

[0085] In the present embodiment, the hole injection layer
15 is formed using tungsten oxide. Where the hole injection
layer 15 is formed using an oxide of a transition metal, it
takes a plurality of oxidation numbers, and can take a
plurality of levels, resulting in that hole injection is facili-
tated, which contributes to a reduction in driving voltage.

(6) Hole Transport Layer

[0086] The hole transport layer 16 has a function of
transporting the holes injected from the hole injection layer
15 to the light emitting layer 17. The hole transport layer 16
is formed, for example, by a wet process using a polymer
compound such as polyfluorene or its derivatives, polyally-
lamines or their derivatives, etc. which does not have a
hydrophilic group.

(7) Light Emitting Layer

[0087] The light emitting layer 17 is formed in the opening
area 14a, and has a function of emitting light in each of R,
G, and B through recombination between holes and elec-
trons.
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[0088] As the material for the organic light emitting layer,
known materials can be utilized. Specifically, the organic
light emitting layer is preferably formed using a fluorescent
material such as, for example, oxynoid compounds, perylene
compounds, coumarin compounds, azacoumarin com-
pounds, oxazole compounds, oxadiazole compounds, peri-
none compounds, pyrrolopyrrole compounds, naphthalene
compounds, anthracene compounds, fluorene compounds,
fluoranthene compounds, tetracene compounds, pyrene
compounds, coronene compounds, quinolone compounds
and azaquinolone compounds, pyrazoline derivatives and
pyrazolone derivatives, Rhodamine compounds, chrysene
compounds, phenanthrene compounds, cyclopentadiene
compounds, stilbene compounds, diphenyl quinone com-
pounds, styryl compounds, butadiene compounds, dicya-
nomethylenepyran compound, dicyanomethylenethiopyran
compounds, fluorescein compound, pyrylium compound,
thiapyrylium compounds, selenapyrylium compounds, tel-
luropyrylium compounds, aromatic aldadiene compounds,
oligophenylene compounds, thioxanthene compounds, cya-
nine compounds, acridine compounds, metal complexes of
8-hydroxyquinoline compounds, metal complexes of 2-bi-
pyridine compounds, complexes of a Schiff salt and a Group
1II metal, oxine metal complexes, and rare earth complexes.

(8) Electron Transport Layer

[0089] The electron transport layer 18 has a function of
transporting the electrons from the counter electrode 20 to
the light emitting layer 17. The electron transport layer 18 is
formed using an organic material which has a high electron
transporting property and which does not contain any alkali
metal or alkaline earth metal.

[0090] Examples of the organic material used for the
electron transport layer 18 include 7-electron low-molecular
organic materials such as oxadiazole derivatives (OXD),
triazole derivatives (TAZ), and phenanthroline derivatives
(BCP and Bphen).

(9) Electron Injection Layer

[0091] The electron injection layer 19 has a function of
injecting the electrons supplied from the counter electrode
20 to the light emitting layer 17 side. The electron injection
layer 19 is formed, for example, using a material obtained by
doping a highly electron-transporting organic material with
a doping metal selected from alkali metals and alkaline earth
metals.

[0092] The metals corresponding to the alkali metals are
lithium (Li), sodium (Na), potassium (K), rubidium (Rb),
cesium (Cs), and francium (Fr), while the metals corre-
sponding to the alkaline earth metals are calcium (Ca),
strontium (Sr), barium (Ba), and radium (Ra).

[0093] Inthe present embodiment, barium (Ba) is used for
doping.
[0094] In addition, examples of the organic material used

for the electron injection layer 19 include 7-electron low-
molecular organic materials such as oxadiazole derivatives
(OXD), triazole derivatives (TAZ), and phenanthroline
derivatives (BCP and Bphen).

(10) Counter Electrode

[0095] The counter electrode 20 is formed using a light-
transmitting conductive material, and is formed on an upper
side of the electron injection layer 19. The counter electrode
20 functions as a cathode.
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[0096] As the material for the counter electrode 20, there
can be used, for example, [TO, 1ZO and the like. Alterna-
tively, a metal such as silver, silver alloys, aluminum, and
aluminum alloys may be used as the material for the counter
electrode 20. In this case, since the counter electrode 20
should transmit light therethrough, it is formed as a thin film
of not more than approximately 20 nm in thickness.

(11) Sealing Layer

[0097] The sealing layer 21 is provided for preventing the
organic layers such as the hole transport layer 16, the light
emitting layer 17, the electron transport layer 18, and the
electron injection layer 19 from being deteriorated due to
exposure to moisture or air.

[0098] The sealing layer 21 is formed using a light-
transmitting material such as, for example. silicon nitride
(SiN) and silicon oxynitride (SiON).

(12) Others

[0099] While not illustrated in FIG. 2, color filters or an
upper substrate may be adhered to an upper side of the
sealing layer 21 through an adhesive. With the color filters
or the upper substrate adhered, it is possible to further
protect the hole transport layer 16, the light emitting layer
17, the electron transport layer 18, and the electron injection
layer 19 from moisture, air and the like.

3. Method of Manufacturing Organic EL Display Panel 10

[0100] The method of manufacturing the organic EL dis-
play panel 10 will be described below, referring to the
drawings.

[0101] FIGS. 3A, 3B, 3C, 3D, 3E, 4A, 4B, 4C, 4D, 5A,
5B, 5C and 5D are schematic sectional views illustrating
states in steps in manufacturing the organic EL display panel
10. FIG. 6 is a flow chart illustrating the steps for manu-
facturing the organic EL display panel 10.

(1) Formation of Substrate 11

[0102] First, as illustrated in FIG. 3A, the TFT layer 112
is formed on an upper side of the base material 111 to form
the substrate 11 (step S1 in FIG. 6). The TFT layer 112 can
be formed by a known method for producing a TFT.
[0103] Next, as depicted in FIG. 3B, the inter-layer insu-
lating layer 12 is formed on an upper side of the substrate 11
(step S2 in FIG. 6). Specifically, a resin material having a
predetermined fluidity is applied along the upper surface of
the substrate 11 in such a manner as to embed the ruggedness
on the substrate 11 due to the TFT layer 112, by a die coating
method, for example. As a result, the upper surface of the
inter-layer insulating layer 12 has a shape flattened along the
upper surface of the base material 111.

[0104] The inter-layer insulating layer 12 is formed with
contact holes (not illustrated) at, for example, parts over
source electrodes of TFT elements, by a dry etching method.
The contact holes are formed by use of patterning or the like
such that surfaces of the source electrodes are exposed at
bottom portions of the contact holes.

[0105] Next, a connection electrode layer is formed along
an inner wall of each contact hole. Part of an upper portion
of the connection electrode layer is disposed on an upper
side of the inter-layer insulating layer 12. The formation of
the connection electrode layer can be performed, for
example, by use of a sputtering method. After forming a

Sep. 12,2019

metallic film, patterning may be carried out using a photo-
lithographic method and a wet etching method.

(2) Formation of Pixel Electrodes 13 and Hole Injection
Layers 15

[0106] Subsequently. as depicted in FIG. 3C, a pixel
electrode material layer 130 is formed on an upper side of
the inter-layer insulating layer 12. The pixel electrode mate-
rial layer 130 can be formed by use of, for example, a
vacuum deposition method, a sputtering method or the like.
[0107] Next, as illustrated in FIG. 3D, a hole injection
material layer 150 is formed on an upper side of the pixel
electrode material layer 130 (step S4 in FIG. 6). The hole
injection material layer 150 can be formed by use of, for
example, a reactive sputtering method or the like.

[0108] Then, as depicted in FIG. 3E, the pixel electrode
material layer 130 and the hole injection material layer 150
are patterned by etching, to form pluralities of pixel elec-
trodes 13 and hole injection layers 15 partitioned on a
sub-pixel basis (step S3 in FIG. 6).

[0109] Note that the method for forming the pixel elec-
trodes 13 and the hole injection layer 15 is not limited to the
aforementioned method; for example, the pixel electrode
material layer 130 may be patterned to form the pixel
electrodes 13, and thereafter the hole injection layers 15 may
be formed.

[0110] In addition, the hole injection layers 15 may be
formed by a wet process after the banks 14 are formed.

(3) Formation of Banks 14

[0111] Subsequently, as illustrated in FIG. 4A, a bank resin
as a material for the banks 14 is applied onto the hole
injection layers 15 and the inter-layer insulating layer 12, to
form a bank material layer 140. The bank material layer 140
is formed by a method in which a solution prepared by
dissolving a phenolic resin as the bank resin in a solvent (for
example, a mixed solvent of ethyl lactate and GBL) is
uniformly applied onto the hole injection layers 15 and the
inter-layer insulating layer 12 by use of spin coating or the
like.

[0112] Then, the bank material layer 140 is subjected to
pattern exposure and development, to form the banks 14
(FIG. 4B, step S4 in FIG. 6). As a result, the opening areas
14a serving as regions for forming the light emitting layers
17 are defined.

(4) Formation of Hole Transport Layers 16

[0113] Next, as depicted in FIG. 4C, an ink containing a
constituent material for the hole transport layers 16 is
ejected to the opening areas 14a defined by the banks 14
from nozzles 3011 of an applying head (coating head) 301
of an applying device (coating device) (described later) to
apply the ink onto the hole injection layers 15 in the opening
areas 14a, followed by drying, to form the hole transport
layers 16 (step S5 in FIG. 6).

(5) Formation of Light Emitting Layers 17

[0114] Subsequently, as illustrated in FIG. 4D, inks con-
taining constituent materials for the light emitting layers 17
are ejected from the nozzles 3011 of the applying head 301
to apply the inks to the hole transport layers 16 in the
opening areas 14a, followed by drying, to form the light
emitting layers 17 (step S6 in FIG. 6).
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[0115] In the present embodiment, the substrate 11 is
preliminarily cooled to a predetermined temperature,
whereby the inks applied into the opening areas 14a are
rapidly cooled to increase their viscosities, and to restrain
convection inside the inks, thereby uniformizing the film
thickness of the light emitting layers 17 as much as possible.
The details will be described later.

(6) Formation of Electron Transport Layer 18

[0116] Next, as depicted in FIG. 5A, the electron transport
layer 18 is formed on an upper side of the light emitting
layers 17 and the banks 14 (step S7 in FIG. 6). The electron
transport layer 18 is formed, for example, by a method in
which a film of an organic material having an electron
transporting property is formed in common for the sub-
pixels by vapor deposition.

(7) Formation of Electron Injection Layer 19

[0117] Subsequently, as illustrated in FIG. 5B, the electron
injection layer 19 is formed on an upper side of the electron
transport layer 18 (step S8 in FIG. 6). The electron injection
layer 19 is formed, for example, by a method in which a film
of an organic material having an electron transporting prop-
erty and a doping metal is formed in common for the
sub-pixels by vapor codeposition.

(8) Formation of Counter Electrode 20

[0118] Next, as depicted in FIG. 5C, the counter electrode
20 is formed on an upper side of the electron injection layer
19 (step S9 in FIG. 6). The counter electrode 20 is formed
by forming a film of ITO, 170, silver, aluminum or the like
by a sputtering method or a vacuum deposition method.

(9) Formation of Sealing Layer 21

[0119] Subsequently, as illustrated in FIG. 5D, the sealing
layer 21 is formed on an upper side of the counter electrode
20 (step S10 in FIG. 6). The sealing layer 21 can be formed
by forming a film of SiON, SiN or the like by a sputtering
method, a chemical vapor deposition (CVD) method or the
like.

[0120] As a result, the organic EL display panel 10 is
completed. 4. Process and apparatus for forming light emit-
ting layer

(1) Light Emitting Layer Forming Process

[0121] FIGS. 7A, 7B and 7C are drawings illustrating
schematically a formation process of a light emitting layer
by the related art wet process, in which the inter-layer
insulating layer 12, the pixel electrodes 13, the hole injection
layers 15 and the like are omitted.

[0122] As illustrated in FIG. 7A, an ink 170 for forming an
organic layer is dropped from the applying head 301 to the
opening area 14a on an upper side of the substrate 11,
whereon an ink pool 171 is formed in the opening area 14a
as depicted in FIG. 7B.

[0123] Normally, in this step, the substrate 11 and the ink
170 are at substantially the same temperature as room
temperature (on the order of 20° C. to 25° C.).

[0124] The ink 170 is formed by dissolving an organic
light emitting material in a volatile solvent (organic solvent),
as aforementioned, and the solvent is gradually evaporated
from the surface of the ink. It is known that the extent of the
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evaporation is not uniform, and the rate of evaporation is
generally higher in end areas (peripheral areas of the surface
of the ink pool 171) E close to the banks 14 than in a central
area C, of the surface of the ink pool, whereby convection
is generated inside the ink pool 171.

[0125] Specifically, the specific gravity of each of the
organic light emitting material and the solvent is not exactly
the same, and, depending on the kinds of them used in
combination, the specific gravity of the organic light emit-
ting material is higher than, or lower than, the specific
gravity of the solvent. Since the evaporation rate of the
solvent varies on a partial basis as above-mentioned, the
specific gravity (density) of the ink differs on a partial basis,
and the ink portion relatively higher in specific gravity tends
to move downward under the gravitational influence. In
addition, when a difference is present in the density of the
ink, forces for dispersion of particles are also generated in
order to uniformize the density. Further, Raileigh convection
arising from temperature distribution differences and Mar-
angoni convection arising from surface tension differences
are also induced, and as a result of complicated combination
of these convections, convections of the ink are generated as
exemplarily indicated by thick-line arrows in FIG. 7B.
[0126] As a result of generation of such convections, the
ink moves along inside surfaces of the banks 14 while being
pressed against the inside walls. Moreover, the evaporation
rate of the solvent is higher on the outer side of the ink pool
171 (namely, on the side closer to the inside surfaces of the
banks 14) as aforementioned. It is considered, therefore, that
as depicted in FIG. 7C, the amount of the ink portions dried
while adhering to the inside surfaces of the banks 14
increases (rising portions 175), and, accordingly, the light
emitting layer 17 is formed in a state in which a large hollow
is generated at a central portion 17a.

[0127] Note that the convection directions of the ink
indicated by broken-line arrows in FIG. 7B are merely an
example; depending on the combination of the organic light
emitting material and the solvent and the other conditions,
the convection directions of the ink may become reverse to
those indicated in FIG. 7B. In any case, since the convec-
tions are generated in the applied ink, the amount of the ink
portions moving along the inside surfaces of the banks 14
increases, resulting in the problem of non-uniformity of the
film thickness as depicted in FIG. 7C.

[0128] For this reason, to restrain the convections gener-
ated in the ink based on local differences in the evaporation
rate of the solvent is an important factor in making uniform
the film thickness of the light emitting layer.

[0129] In view of this, the present inventor considered to
cool the applied ink and thereby to enhance the viscosity of
the ink, for the purpose of restraining the convections of the
ink.

[0130] FIGS. 8A, 8B and 8C are schematic drawings for
illustrating a formation process of the light emitting layer 17
according to the present embodiment.

[0131] First, by use of a cooling plate 1110, the substrate
11 is preliminarily cooled to a temperature (second tempera-
ture) lower than the temperature (first temperature) of the
ink at the time of application thereof.

[0132] An ink 170 is ejected from the applying head 301
toward the opening area 14a over the substrate 11 (FIG. 8A).
[0133] From the surface of an ink pool 171, the solvent is
evaporated at partially different rates. However, the ink 170
after dropping onto the substrate 11 is cooled through the
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substrate 11, with the result of a rise in the viscosity thereof,
and the evaporation rate of the solvent as a whole is lowered
due to the cooling, so that the partial differences in the rate
of evaporation from the ink pool 171 are reduced. For this
reason, the convection rates are largely suppressed (FIG.
8B), and, as a result, the amount of the ink portions moving
downward (or upward) along the inside surfaces of the
banks 14 is also reduced. In addition, the drying rate itself
on the outer side of the ink pool 171 (the side closer to the
inside surfaces of the banks 14) is also lowered due to the
cooling.

[0134] As a result, the amount of the ink portions dried
while adhering the inside surfaces of the banks 14 is also
reduced, the width of the rising portions 175 is reduced, and,
consequently, the flatness of the central portion 17a is
enhanced, and the uniformity of the film thickness is
enhanced (FIG. 8C).

[0135] Experimental results showed that for suppressing
the convection rates of the ink and for obtaining an effect of
making the film thickness uniform as compared to that in the
related art, it is desirable that the cooled temperature of the
ink is lower than the temperature of the ink at the time of
application thereof (the temperature at which the ink has a
fluidity (low viscosity) suitable for application by the apply-
ing device used (in the present embodiment, the kinds and
concentrations of the organic material and the solvent in the
ink are controlled such that this temperature is room tem-
perature)) by not less than 10° C.

[0136] Further, it is desirable to cool the ink after appli-
cation thereof to a temperature at which the viscosity of the
ink is at least two times the viscosity of the ink at the time
of application thereof; specifically, it is desirable to cool the
applied ink to a temperature equal to or lower than 5° C.
[0137] Note that it is considered that as the cooled tem-
perature of the ink is lower, the viscosity of the ink is higher,
the convections are restrained more, and a higher effect of
uniformizing the film thickness can be obtained. However,
cooling the ink more than necessary leads to needless
consumption of electric power. In addition, dewing of water
vapor in the atmosphere leads to absorption of water in the
organic layers such as the light emitting layer, thereby
affecting the quality and life of them; therefore, cooling the
ink to or below a temperature of dewing should be avoided.
Accordingly, the temperature at which dewing is not gen-
erated in the relevant atmosphere is the lower limit for the
cooling temperature.

[0138] In addition, the ink should not be cooled before
ejected from the applying head 301. If the viscosity of the
ink increases at this state, the nozzle 3011 would be clogged
and troubled. In addition, components of the ink would be
precipitated to form lumps when the ink is ejected; as a
result, the ink does not wettingly spread in the opening area
144, and it becomes rather difficult to realize uniformization
of the film thickness.

(2) Configuration of Light Emitting Layer Forming
Apparatus 1000

[0139] The configuration of a light emitting layer forming
apparatus for forming, by a wet process, the light emitting
layer 17 of the organic EL display panel 10 described in
FIGS. 8A, 8B and 8C will be described below.

[0140] FIG.9 is a schematic view illustrating the configu-
ration of the light emitting layer forming apparatus 1000
according to the present embodiment.
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[0141] As illustrated in the drawing, the light emitting
layer forming apparatus 1000 includes an ink applying
section 1100 for applying an ink 170 containing an organic
light emitting material, a carrying section 1200 for carrying
a substrate 11 coated with the ink 170, a drying section 1300
for drying in a short time the light emitting layer ink on the
substrate 11 carried, and a control section 1400 that controls
operations of these sections.

(2-1) Ink Applying Section 1100

[0142] A cooling plate 1110 is disposed on a printing stage
1120 of the ink applying section 1100. The substrate 11 is
placed on the cooling plate 1110, and the ink 170 is cooled
to a temperature (hereinafter referred to also as “convection
restraining temperature”) lower than the temperature at the
time of application thereof (in the present embodiment,
room temperature (20° C. to 25° C.)). The convection
restraining temperature is set to 5° C. in the present embodi-
ment.

[0143] Note that this light emitting layer forming step is
desirably performed in a low-humidity environment (dry
environment) such that dewing of water vapor in the atmo-
sphere will not occur even at the set convection restraining
temperature. More ideally, a dry environment such that a
dew point temperature is equal to or lower than -30° C.
(relative humidity is equal to or lower than 1%).

[0144] FIG. 10 is a schematic vertical sectional view
depicting the configuration of the cooling plate 1110.

[0145] The cooling plate 1110 includes a base plate 1111
formed using a material high in thermal conductivity, such
as a metal, and a plurality of thermoelectric conversion
elements 1112, such as Peltier elements, arranged at a back
surface of the base plate 1111 in a matrix in plan view and
in a state in which heat absorbing surfaces thereof are in
contact with the back surface of the base plate 1111, such
that the base plate 1111 is entirely cooled to a uniform
temperature. If the cooled temperature of the substrate 11 is
uneven, the substrate 11 might be deformed.

[0146] Back surfaces (heat radiating surfaces) of the ther-
moelectric conversion elements 1112 are in contact with an
upper surface of the printing stage 1120 (FIG. 9). The
printing stage 1120 is formed using a material high in
thermal conductivity, whereby the property of heat radiation
from the back surfaces of the thermoelectric conversion
elements 1112 is enhanced, and eflicient cooling can be
realized.

[0147] In addition, the base plate 1111 is additionally
provided with a temperature sensor 111 3 for monitoring the
temperature of the base plate 1111. The control section 1400
controls electric power supplied to the thermoelectric con-
version elements 1112, based on a detection output from the
temperature sensor 1113, to thereby maintain the base plate
1111 in a state of being cooled to a target convection
restraining temperature.

[0148] Other cooling plates 1210 and 1310 are quite the
same as the cooling plate 1110 in configuration.

[0149] FIG. 12 is a drawing depicting a main configura-
tion of an applying device as an example of the ink applying
section 1100. As illustrated in the drawing, the applying
device includes an ink applying table 200 and a head section
300.
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(a) Ink Applying Table

[0150] As depicted in FIG. 12, the ink applying table 200
is a so-called gantry type operating table, in which a gantry
section (moving frame) is disposed such as to be movable on
an upper side of a table as a base along a pair of guide shafts.

[0151] 1In a specific configuration, columnar stands 202A,
202B, 203A, and 203B are erectly provided at four corners
of an upper surface of a plate-shaped base 201. The printing
stage 1120 and the cooling plate 1110 placed thereon are
disposed in an inside region surrounded by the stands 2024,
202B, 203A, and 203B, and the substrate to be coated with
an ink is placed on the cooling plate 1110. In addition, an ink
pan (dish-shaped vessel) IP for stabilizing ejection charac-
teristics by ejecting the ink immediately before application
of the ink is also disposed.

[0152] The stands 202A and 202B and the stands 203A
and 203B hold the guide shafts 204A and 204B in parallel
to the longitudinal (Y) direction of the base 201.

[0153] In addition, the gantry section 210 is held on the
guide shafts 204 A and 204B through linear motors 205 and
206.

[0154] With this configuration, at the time of driving of the
applying device, the pair of linear motors 205 and 206 are
driven, whereby the gantry section 210 is slidably recipro-
cated along the longitudinal direction (Y-axis direction) of
the guide shafts 204A and 204B.

[0155] A carriage 220 including an L-shaped pedestal is
disposed on the gantry section 210. A servo motor 221 is
disposed on the carriage 220, and a gear (not illustrated) is
attached to a tip of a driving shaft of the motor. The gear is
in mesh with a minute-pitch rack formed in a guide groove
211 formed along the longitudinal direction (X direction) of
the gantry section 210. Attendant on driving of the servo
motor 221, the carriage 220 is precisely moved in a recip-
rocal manner along the X-axis direction by a so-called
pinion-rack mechanism.

[0156] A head section 300 is mounted to the carriage 220.
The head section 300 can be scanned with respect to the
substrate serving as an object to be coated with an ink, by
moving the gantry section 210 along the longitudinal direc-
tion of the guide shafts 204A and 204B in a state in which
the carriage 220 is fixed relative to the gantry section 210,
and by moving the carriage 220 along the longitudinal
direction of the gantry section 210 in a state in which the
gantry section 210 is stopped. A main scanning direction of
the head section 300 is a row (Y-axis) direction, and a
sub-scanning direction is a column (X-axis) direction.

(b) Head Section

[0157] The head section 300 adopts a known piezoelectric
system, and includes the applying head 301 and a main body
section 302. The applying head 301 is fixed to the carriage
220 through the main body section 302. The main body
section 302 incorporates a servo motor therein, and moves
the applying head 301 in the vertical direction (Z-axis
direction).

[0158] The applying head 301 is provided with a plurality
of nozzles 3011 (not illustrated in FIG. 12; see FIG. 4D, etc.)
at a surface (e¢jection surface) facing a fixed stage ST, and the
nozzles 3011 are arranged in a row along the longitudinal
direction of the applying head 301. The ink or inks supplied
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to the applying head 301 are ejected as droplets from the
nozzles 3011 toward the substrate serving as an object to be
coated.

[0159] The droplet ejecting operation of each nozzle 3011
is controlled by a driving voltage given to the piezoelectric
element provided at each nozzle 3011. By controlling the
driving signal given to each piezoelectric element from the
control section 1400 (FIG. 9), the droplet is ejected from
each nozzle 3011.

(2-2) Carrying Section 1200

[0160] Returning to FIG. 9, the carrying section 1200
includes a carrying stage 1220, the cooling plate 1210
disposed on the carrying stage 1220, and a belt conveyor
device 1230 that carries the cooling plate 1210 and the
carrying stage 1220 toward the drying section 1300.
[0161] Naturally, a configuration may be adopted in which
the carrying stage 1220 is moved along guide rails using
other carrying device such as a pneumatic actuator, a
hydraulic actuator or a linear motor, as a drive source, in
place of the belt conveyor device 1230.

(2-3) Drying Section 1300

[0162] The drying section 1300 has a configuration in
which a stage 1320 with the cooling plate 1310 placed
thereon is disposed in an airtight vacuum drying chamber
1330. A door (not illustrated) is opened, the substrate 11
carried by the carrying section 1200 is placed on the cooling
plate 1310, the door is closed, and the air (gas) pressure is
lowered by a vacuum pump (not illustrated) to establish a
vacuum state or a state close to vacuum. By this, evaporation
of the solvent in the ink is accelerated, and complete drying
can be achieved in a short time.

[0163] Since the substrate 11 is being cooled by the
cooling plate 1310 also during the drying step, the ink can
be dried in a state in which the ink is at a low temperature
and little convection is occurring in the ink, whereby further
uniformization of ink film thickness can be realized.

(2-4) Control Section 1400

[0164] FIG. 11 is a block diagram depicting a main
configuration of the control section 1400 in the light emit-
ting layer forming apparatus 1000.

[0165] As illustrated in the diagram, the control section
1400 includes a central processing unit (CPU) 1401, a
random access memory (RAM) 1402, a read only memory
(ROM) 1403, a timer 1404 and the like.

[0166] The CPU 1401 reads a program for forming a light
emitting layer from the ROM 1403 upon, for example,
turning-on of a power supply to the light emitting layer
forming apparatus 1000, executes the program using the
RAM 1402 as a working storage region, and controls the ink
applying section 1100, the carrying section 1200, and the
drying section 1300, to smoothly perform a light emitting
layer forming operation. In addition, the timer 1404 is for
management of treatment time in each step.

[0167] The control section 1400 is particularly supplied
with detection signals from the temperature sensors in the
cooling plates 1110 to 1310 (cooling sections), and adjusts
the quantities of electric power supplied to the respective
thermoelectric conversion elements, thereby controlling
each of the cooling plates 1110 to 1310 to the convection
restraining temperature.
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(2-5) Contents of control by control section 1400 in light
emitting layer forming step
[0168] FIG. 13 is a flow chart depicting the contents of

control carried out in the light emitting layer forming step by
the control section 1400.

[0169] First, the cooling plates 1110 to 1310 of the ink
applying section 1100 are cooled to and maintained at 5° C.,
which is the convection restraining temperature (step S101).

[0170] The substrate 11 is placed on the cooling plate 1110
of the ink applying section 1100 by a transfer device such as
a robot hand, for example (step S102). Since the substrate 11
itself is very thin, the substrate 11 and the inter-layer
insulating laver 12 thereon and the like having been in a
room-temperature state are cooled down to 5° C. by the
cooling plate 1110 within a few seconds.

[0171] Then, the applying head 301 is scanned, to apply
the inks 170 for colors to the substrate 11 in a pre-pro-
grammed pattern (step S103).

[0172] When the application of the inks 170 is completed
for all the pixels, the substrate 11 is placed onto the cooling
plate 1210 of the carrying section 1200 by a transfer device
similar to the above-mentioned (step S104), and is carried to
the vacuum drying chamber 1330 in the drying section 1300
(step S105).

[0173] The substrate 11 is placed onto the cooling plate
1310 of the drying section 1300 by a transfer device (step
5106).

[0174] A vacuum pump is operated to lower the gas
pressure inside the vacuum drying chamber 1330 of the
drying section 1300 to a predetermined value (step S107).
Then, while counting time by the timer 1404, the substrate
11 is left to stand in the vacuum drying chamber 1330 for a
time previously determined by experiments or the like (step
S108: YES), to completely dry the light emitting layer or
layers 17, after which the substrate 11 is taken out of the
vacuum drying chamber 1330 (step S109), and the light
emitting layer forming step is completed.

[0175] Note that the above-mentioned contents of control
are merely an example, and the contents of the present
disclosure are not limited thereto.

[0176] For instance, while the cooling plates 1110 to 1310
as the cooling sections have been simultaneously cooled to
5° C. in the step S101 above, all the cooling plates may not
necessarily set to the same temperature, insofar as the
temperatures are within the range of the convection restrain-
ing temperature. In addition, the cooling may be started not
simultaneously but sequentially, insofar as the cooling is in
time with respect to each of the applying step, the carrying
step, and the drying step. It is to be noted, however, that for
eliminating variabilities among the products, the manage-
ment of ink temperature after application thereof is
extremely important, and it is desirable to perform such a
control as to lower the temperature of each cooling plate to
the target convection restraining temperature by the time the
substrate is placed on the cooling plate, and to maintain the
cooling plate at that temperature.

[0177] In addition, a configuration may be adopted in
which the substrate 11 together with the cooling plate 1110
is carried from the ink applying section 1100 to the control
section 1400. In this case, the cooling plates 1210 and 1310
can be omitted.
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(3) Verification

[0178] FIG. 14 is a graph depicting a film shape of a light
emitting layer formed by the light emitting layer forming
step according to the present embodiment, in comparison
with a film shape obtained by the related art step.

[0179] The axis of ordinates in the graph represents the
height in the film thickness direction of the light emitting
layer in the unit of nanometers (nm), while the axis of
abscissas represents the position of the opening area 14a
(see FIG. 2) in the opening width direction in the unit of
micrometers (um). Note that measurement was conducted
using an atomic force microscope (AFM).

[0180] Graph G1 represents a surface shape of the light
emitting layer 17 when the ink at room temperature was
applied in the opening area 144, the ink was thereafter
cooled to 5° C., and was dried in the cooled state. Note that
the viscosity of the ink at 5° C. is approximately two times
the viscosity of the ink in the room-temperature state before
ejection thereof, whereby the convections inside the ink are
largely restrained.

[0181] In addition, graph G2 represents a surface shape of
the light emitting layer 17 in the case where the ink was
dried directly at room temperature without cooling, like in
the related art. Graph G3 represents a surface shape of the
substrate before application of the ink thereto.

[0182] As is clear from comparison of graph G1 with
graph (G2, the light emitting layer formed by the manufac-
turing method according to the present embodiment shows
less recess in a central portion, and an enlarged flat portion,
indicating enhanced film thickness uniformity, as compared
to the related art base.

[0183] Note that due to the trend toward higher resolution
of the organic EL display panel, the width of pixel (the width
of the opening area 144) is reduced to, for example, approxi-
mately 5 to 30 um, and, for pattern printing with higher
resolution by an applying device, it is desirable to enhance
the fluidity of the ink. In this case, the proportion of the
solvent in the ink is increased, and convections in the ink
become more liable to occur. For this reason, the film
thickness uniformizing effect obtained by restraining the
convections in the ink through the cooling as above-de-
scribed can be expected further.

5. Effects

[0184] As aforementioned, according to the present
embodiment, the following effects are obtained.

[0185] (1) With the ink cooled after application thereof,
the viscosity of the ink is increased, convections inside the
ink are restrained, and the evaporation rate of the solvent at
the outside of the applied ink is lowered. As a result, the
amount of the ink portion dried while moving along the side
surfaces of the banks is reduced, so that the rising portions
at the bank side surfaces are lessened, the extent of recessing
at a central portion is lowered accordingly, and uniformiza-
tion of the film thickness of the light emitting layer is
promoted, as compared to the related art manufacturing
method. Consequently, an improvement in light emission
efficiency, an enhancement of quality of images displayed,
and an elongation of useful life are realized.

[0186] (2) Since the ink is cooled after application thereof,
the possibility of a trouble generated in the applying device
is absent, and the ink materials which have been used
hitherto can be used as they are.
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[0187] (3) Note that Japanese Patent Laid-Open No. 2014-
225432 mentioned above as the related art discloses a
configuration in which an ink applied to a substrate is heated
simultaneously with or immediately after the application
thereof, and thereafter the surface of the applied ink is
irradiated with ultraviolet (UV) rays to temporarily cure the
ink surface, followed by cooling.

[0188] In this related art, since the ink is first heated, the
convections inside the applied ink are promoted. In addition,
since the surface of the ink after application thereof has a
central portion raised upward by surface tension, as depicted
in FIG. 7B of the present application, irradiation with UV
rays in this state to effect temporary curing may not be said
to uniformize the ink film thickness. Besides, although the
substrate is cooled after irradiation with UV rays, the
document does not disclose at all about the extent to which
the temperature of the heated ink is to be lowered. In other
words, in the related art, it is not understood at all that the
major cause of the nonuniformity of the film thickness of the
ink film formed by the wet process is the convections inside
the applied ink; thus, there are clear differences in configu-
ration and effect between the related art and the present
application.

<<Modifications>>

[0189] While the embodiment of the organic EL display
panel and the method of manufacturing the organic EL
display panel has been described above as a mode of the
present disclosure, the present disclosure is not limited by
the above description at all, except for the essential charac-
teristic configuration elements thereof. Modifications as
other modes of the present disclosure will be described
below.

[0190] (1) The method of forming the light emitting layer
17 in the above embodiment is also applicable to the case of
forming other organic layers by a wet process. In that case,
it is sufficient to use an apparatus the same as the light
emitting layer forming apparatus 1000 in configuration as an
organic layer forming apparatus, and to use an ink according
to the function of the organic layer to be formed.

[0191] Note that examples of the organic layer which can
be formed by the wet process according to the above
embodiment include the hole transport layer, the hole injec-
tion layer, the electron transport layer, and the electron
injection layer, in addition to the light emitting layer. At least
one of these organic layers is formed by the above embodi-
ment, whereby it is possible to provide an organic EL
display panel of higher quality as compared to the related
art, while reducing the manufacturing cost.

[0192] (2) Also in the case of so-called all-over coating,
instead of applying the ink in the opening area between the
banks as in the case of the light emitting layer described
above, the evaporation rate of the solvent is not uniform at
end portions and the central portion of the ink application
surface, and convections are necessarily generated inside the
ink, to hinder uniform ization of the ink film thickness;
therefore, the film thickness uniformizing effect is obtained
by cooling the ink after the ink application and by the time
the ink is dried.

[0193] (3) While the whole area of the back surface of the
substrate 11 has been cooled by the cooling plate 1110 as
illustrated in FIG. 9 in the above embodiment, this is not
limitative. As depicted in FIG. 15, only that part of the
substrate 11 which corresponds to the printing area (the area
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where to form the organic FL element; note that in the case
where dummy regions are provided in the periphery of the
organic EL element in a screen display region, as disclosed
in Japanese Patent Laid-Open No. 2012-252983, for
example, it is desirable that the printing area includes the
dummy regions) may be cooled.

[0194] In addition, while the cooling plate 1110 has had a
configuration in which the base plate 1111 is cooled by the
thermoelectric conversion elements 1112, other configura-
tion may also be adopted insofar as the cooling device can
cool to a target temperature. For example, a configuration
may be adopted in which the base plate 1111 is provided
therein with a cavity, and a cooled liquid or gas is circulated
in the cavity to perform cooling. The cooling of the liquid or
gas to be circulated in the cavity is conducted by a cold
storage or a cooling device utilizing a known cooling cycle
used for air conditioners (a cycle in which a refrigerant is
liquified by condensation by a compressor, is then decom-
pressed into an easily evaporable state, and is evaporated to
cause removal of heat).

[0195] Further, a configuration may also be adopted in
which a base plate 1111 having a high heat capacity is
preliminarily cooled separately by storage in a cold storage
room, and replacement of the base plate is conducted as
required.

[0196] The same as above applies also to the other cooling
plates 1210 and 1310. Note that a configuration may also be
adopted in which the substrate 11 is formed therein with a
thermoelectric conversion module similar to the Peltier
element by a photolithographic method or the like, such that
the substrate 11 itself constitutes a cooling section. Further-
more, it may become possible in the future to form thermo-
electric conversion modules in the banks.

[0197] (4) While the substrate has been placed on the
cooling plate to cool the ink applied over the substrate in the
above embodiment, cooling may be conducted by other
method than this.

[0198] For example, an accommodation chamber 1240 for
accommodating the whole body of the carrying stage 1220
and the belt conveyor device 1230 as depicted in FIG. 16
may be provided in the carrying section 1200, and the
atmosphere inside the accommodation chamber 1240 may
be cooled by a cooling device 1241 utilizing the above-
mentioned cooling cycle.

[0199] Similarly, as illustrated in FIG. 17, in the drying
section 1300, the atmosphere inside the vacuum drying
chamber 1330 may be cooled by a cooling device 1331.

[0200] Other than the above, any measure that can cool the
applied ink to the convection restraining temperature may be
used, without any particular limitation as to the configura-
tion or layout thereof.

[0201] (5) In the above embodiment, the ink applied over
the substrate has been cooled in all of the applying step in
the ink applying section 1100, the carrying step in the
carrying section 1200, and the drying step in the drying
section 1300. However, the cooling of the ink may be
conducted in at least one of these steps. Where the ink
temperature is made to be lower than the temperature at the
time of ink application is ensured at any stage in the course
from the ink application to the ink drying, it is thereby
possible to restrain convections of the ink, at least as
compared to the related art, which contributes to uniformiza-
tion of the film thickness of the organic layer.
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[0202] Ttis to be noted, however, that in the drying section
1300, the cooling may not necessarily be conducted until the
applied ink is completely dried. After the lapse of such a
time that the ink is dried to some extent and convections
influencing the ink film thickness are considered not to be
generated, it is unnecessary to forcibly cool the ink any
more. This lapse of time can be preliminarily determined by
experiments or the like.

[0203] (6) In the step of forming the banks 14 (step S4 in
FIG. 6), further, the surfaces of the banks 14 may be
subjected to a surface treatment with an organic solvent or
the like or to a plasma treatment. By this, a repellent
property is imparted to the surfaces of the banks 14, and the
amount of the ink adhering to the side surfaces of the banks
14 is reduced, whereby enhanced uniformity of the film
thickness of the light emitting layer 17 can be expected.
[0204] (7) In the above embodiment, the organic EL
display device is of the top emission type and the cathode
therein is the counter electrode. However, the anode may be
the counter electrode, and the cathode may be the pixel
electrode. In addition, the organic EL display device may be
of the bottom emission type.

[0205] (8) Besides, while a configuration in which the
organic EL element 1 includes the electron transport layer
18, the electron injection layer 19, the hole injection layer
15, and the hole transport layer 16 has been adopted in the
above embodiment, this is not restrictive. For instance, an
organic EL element not having the electron transport layer
18, or an organic EL element not having the hole transport
layer 16 may also be adopted. In addition, for example, a
hole injection/transport layer as a single layer may be
provided in place of the hole injection layer 15 and the hole
transport layer 16. Besides, for instance, an intermediate
layer formed using an alkali metal may be provided between
the light emitting layer 17 and the electron transport layer
18.

[0206] (9) In the above embodiment, the light emitting
layer forming apparatus 1000 has been provided with the
drying section 1300 including the vacuum drying device.
However, the vacuum drying device is not indispensable.
Where there is time-basis room in the manufacturing line,
the drying may be conducted in an atmospheric-pressure
atmosphere during the carrying to a next-stage device.
[0207] (10) In the method of manufacturing the organic
EL display panel according to the present disclosure, the
substrate and the like are cooled, and, in this instance,
thermal strain may be generated and the substrate and the
like may be deformed. Therefore, it is desirable to use
organic materials whose thermal expansion coeflicients are
as low as possible, as the materials for the substrate, the
inter-layer insulating layer, the banks and the like.

[0208] (11) A dispenser type applying device or other
printing device that ejects ink continuously onto the sub-
strate can be used as the ink applying device in the above
embodiment.

[0209] (12) While the active matrix system has been
adopted for the organic EL display panel in the above
embodiment, this is not !limitative, and a passive matrix
system may also be adopted. In addition, the organic EL
display panel is not limited to a so-called pixel bank system
in which the banks are formed in a grid pattern such as to
surround each pixel, and the organic EL display panel may
be of a line bank system in which the banks are formed in
the form of lines. It is to be noted, however, that in view of
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the fact that adhesion of the ink to the bank side surfaces due
to convections is a main cause of the nonuniform ink film
thickness, the organic EL display panel of the pixel bank
system is more advantageous in order that the effect of
adoption of the manufacturing method according to the
present disclosure is produced more assuredly.

<<Supplement>>

[0210] While the method and apparatus for manufacturing
an organic EL display panel according to the present dis-
closure have been described above based on the embodiment
and modifications, the present disclosure is not limited to the
above embodiment and modifications. Modes obtained by
applying various modifications conceived by those skilled in
the art to the above embodiment and modifications, and
modes realized by arbitrarily combining the components and
functions of the embodiment and modifications without
departing from the scope of the gist of the present disclosure,
are also included in the present disclosure.

[0211] The present disclosure is applicable to a method of
manufacturing an organic EL display panel in which an
applying device (coating device) is used, and the like.
[0212] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Appli-
cation JP 2018-043376 filed in the Japan Patent Office on
Mar. 9, 2018, the entire content of which is hereby incor-
porated by reference.

[0213] Tt should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalent thereof.

What is claimed is:

1. A method of manufacturing an organic electrolumines-
cence display panel in which a plurality of organic elec-
troluminescence elements each including an organic layer
are arranged on an upper side of a substrate, the method
comprising:

applying an ink obtained by dissolving or dispersing an

organic material in a solvent to a preset application area
over the substrate; and

cooling the ink applied in the applying within a period

until the ink is dried, to lower an ink temperature to a
second temperature lower than a first temperature of the
ink at a time of application thereof.

2. The method of manufacturing an organic electrolumi-
nescence display panel according to claim 1,

wherein the second temperature is lower than the first

temperature by not less than 10° C.

3. The method of manufacturing an organic electrolumi-
nescence display panel according to claim 1,

wherein the second temperature is equal to or lower than

5°C.

4. The method of manufacturing an organic electrolumi-
nescence display panel according to claim 1,

wherein the cooling includes cooling the applied ink

simultaneously with the application of the ink.

5. The method of manufacturing an organic electrolumi-
nescence display panel according to claim 1,

wherein the applying includes carrying the substrate

coated with the ink to a later-stage device, and

the cooling includes cooling the applied ink during when

the substrate s carried in the carrying.
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6. The method of manufacturing an organic electrolumi-
nescence display panel according to claim 1, further com-
prising:

drying the applied ink in a drying section; and

carrying the substrate from a position at which the ink is

applied in the applying to a position of the drying,
wherein the cooling includes cooling the applied ink

during when the substrate is carried in the carrying

and/or during when the ink is dried in the drying.

7. The method of manufacturing an organic electrolumi-
nescence display panel according to claim 6,

wherein the drying section is a vacuum drying device.

8. The method of manufacturing an organic electrolumi-
nescence display panel according to claim 1,

wherein the organic layer includes at least one of an

organic light emitting layer, a hole injection layer, a
hole transport layer, an electron injection layer, and an
electron transport layer.

9. An apparatus for manufacturing an organic electrolu-
minescence display panel in which a plurality of organic
electroluminescence elements each including an organic
layer are arranged on an upper side of a substrate, the
apparatus comprising:

an applying section that applies an ink obtained by

dissolving or dispersing an organic material in a solvent
to a preset application area over the substrate; and

a cooling section that cools the ink applied by the apply-

ing section within a period until the ink is dried, to
lower an ink temperature to a second temperature lower
than a first temperature of the ink at a time of appli-
cation thereof.

10. The apparatus for manufacturing an organic electrolu-
minescence display panel according to claim 9,

wherein the second temperature is lower than the first

temperature by not less than 10° C.

11. The apparatus for manufacturing an organic electrolu-
minescence display panel according to claim 9,

wherein the second temperature is equal to or lower than

5° C.
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12. The apparatus for manufacturing an organic electrolu-
minescence display panel according to claim 9,

wherein the cooling section cools the applied ink simul-

taneously with application of the ink.

13. The apparatus for manufacturing an organic electrolu-
minescence display panel according to claim 9,

wherein the cooling section includes a cooling plate, and

cools the applied ink through the substrate by placing
the substrate on the cooling plate.

14. The apparatus for manufacturing an organic electrolu-
minescence display panel according to claim 9, further
comprising:

a carrying section that carries the substrate coated with the

ink by the applying section to a later-stage device,
wherein the cooling section cools the applied ink during
when the substrate is carried by the carrying section.

15. The apparatus for manufacturing an organic electrolu-
minescence display panel according to claim 9, further
comptrising:

a drying section that dries the ink applied by the applying

section; and

a carrying section that carries the substrate from the

applying section to the drying section,

wherein the cooling section cools the applied ink during

when the substrate is carried by the carrying section
and/or during when the ink is dried by the drying
section.

16. The apparatus for manufacturing an organic electrolu-
minescence display panel according to claim 15,

wherein the drying section includes a vacuum drying

device.

17. The apparatus for manufacturing an organic electrolu-
minescence display panel according to claim 9,

wherein the organic layer includes at least one of an

organic light emitting layer, a hole injection layer, a
hole transport layer, an electron injection layer, and an
electron transport layer.

* ok % k&



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

RHAA

L 5E
S EREESE

BEG®)

DF T —HHEHEENELERRN G E AR ENSEENENSNEN
B THFEEERN LN, ZFEEFET AN EEESR
MRKEMBER EFTNRRBAXE , AE—B
B E N AEERM RN BKEREKE TR, AFEKEEREE

2 BERR P

AT HEENELE RERK 5 EMIRE

US20190280205A1

US16/295407

JOLED INC.

JOLED INC.

YAMAUCHI YASUHIRO
ISHINO SHINICHIRO
ODA TOMOHIKO
HASEGAWA MINEKI
SEKIMOTO YASUHIRO

YAMAUCHI, YASUHIRO
ISHINO, SHINICHIRO
ODA, TOMOHIKO
HASEGAWA, MINEKI
SEKIMOTO, YASUHIRO

HO1L51/00 HO1L51/56

patsnap

2019-09-12

RiEHR 2019-03-07

HO01L51/5092 HO1L51/5056 HO1L51/0005 HO1L51/5088 HO1L51/5072 HO1L51/56 HO1L27/3246

HO1L51/5012 HO1L2251/556

2018043376 2018-03-09 JP

Espacenet USPTO

EORERTAREESEKNE—RE,

()

—t k. ok k.
— D O P

2
il

\ 1 \ \
13 16 515 ‘l 1\3 ﬁl\ﬁ 1\5 b 1\3 51\6
I ]

COOLING



https://share-analytics.zhihuiya.com/view/493ed00f-c7fd-4c7e-bce3-fdfd88360a72
https://worldwide.espacenet.com/patent/search/family/067842095/publication/US2019280205A1?q=US2019280205A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190280205%22.PGNR.&OS=DN/20190280205&RS=DN/20190280205

