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7) ABSTRACT

In a method for manufacturing an organic EL display panel
including: preparing a substrate; forming pixel electrodes in
a matrix of rows and columns; forming banks extending in
a column direction at least between the pixel electrodes in a
row direction; forming a first light emitting layer by apply-
ing an ink including a light emitting material in a first gap
selected from a plurality of gaps between the banks; forming
a second light emitting layer by a vapor deposition method
to be continuous above both the first light emitting layer and
the pixel electrodes in a second gap adjacent in the row
direction to the first gap; and forming a counter electrode
above the second light emitting layer, a height of portions of
the banks adjacent to the second gap is made to be greater
than a height of portions of the banks adjacent to the first
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FIG. 1
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METHOD OF MANUFACTURING ORGANIC
EL DISPLAY PANEL, ORGANIC EL DISPLAY
PANEL, AND ORGANIC EL DISPLAY
DEVICE

[0001] This application claims priority to Japanese Patent
Application No. 2018-004121, filed Jan. 15, 2018, the
contents of which are hereby incorporated by reference in
their entirety.

BACKGROUND

Technical Field

[0002] The present disclosure relates to methods of manu-
facturing organic electroluminescence (EL) display panels
that include organic EL elements that make use of electrolu-
minescence of organic materials, organic EL display panels,
and organic EL display devices that make use of organic EL
display panels.

Description of Related Art

[0003] In recent vears, use of organic EL elements in
display devices is becoming widespread.

[0004] Organic EL elements have a structure in which at
least a light emitting layer is sandwiched between an anode
and a cathode. A method by which ink including an organic
functional material is applied by a wet process such as inkjet
application is known as a method of efficiently forming light
emitting layers and functional layers. It is possible to use a
smaller manufacturing apparatus in a wet process than in a
vacuum deposition method, and it is not necessary to use a
shadow mask when depositing functional material. Thus,
wet processes are suitable for efficient panel generation, as
it is unnecessary to perform work such as alignment of a
shadow mask, facilitating manufacture of large substrates
for large panels and for improved productivity when manu-
facturing mixed panel sizes. Further, unlike vapor deposition
methods, inkjet methods improve use efficiency of func-
tional material such as expensive light emitting materials,
which makes it possible to reduce panel manufacturing
Costs.

[0005] On the other hand, partition walls, also referred to
as banks, are required for forming subpixels in order to
separately apply ink in which light emitting material or
functional material is dissolved, in order to form light
emitting layers or functional layers. Mixing, due to ink
including functional material overflowing banks, particu-
larly in the case of ink including light emitting material, will
cause panel defects when color mixing occurs due to mixing
of ink of different colors. Thus, a combined width (also
referred to as “bank edge distance”) of a subpixel, which is
an opening between adjacent banks, and the adjacent banks,
is required to be larger than a minimum value according to
limitations such as alignment accuracy of heads of inkjet
devices and ranges of wet spread of ink, in order that ink to
be applied to one subpixel does not enter an adjacent
subpixel.

SUMMARY

[0006] A method for manufacturing an organic EL display
panel reflecting at least one aspect of the present disclosure
comprises: preparing a substrate; forming pixel electrodes in
a matrix of rows and columns above the substrate; forming
banks above the substrate, each of the banks extending in a
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column direction at least between the pixel electrodes in a
row direction; forming a first light emitting layer by apply-
ing an ink including a light emitting material in a first gap
selected from a plurality of gaps between the banks; forming
a second light emitting layer by a vapor deposition method
to be continuous above both the first light emitting layer and
the pixel electrodes in a second gap adjacent in the row
direction to the first gap; and forming a counter electrode
above the second light emitting layer. In the forming of the
banks, a height of portions of the banks adjacent to the
second gap is made to be greater than a height of portions of
the banks adjacent to the first gap.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other objects, advantages, and features
of the technology pertaining to the present disclosure will
become apparent from the following description thereof
taken in conjunction with the accompanying drawings,
which illustrate at least one embodiment of the technology
pertaining to the present disclosure.

[0008] FIG. 1 is a cross section diagram schematically
illustrating structure of an organic EL display panel 100
pertaining to at least one embodiment.

[0009] FIG. 2A, FIG. 2B, and FIG. 2C are schematic
diagrams illustrating a relationship between inkjet device
accuracy and organic EL display panel bank arrangement.

[0010] FIG. 3A, FIG. 3B, FIG. 3C, FIG. 3D, and FIG. 3E
are diagrams illustrating bank arrangements of organic EL
display panels that have the same definition, according to at
least one embodiment and comparative examples.

[0011] FIG. 4A, FIG. 4B, FIG. 4C, and FIG. 4D are cross
section diagrams schematically illustrating portions of a
process of manufacturing an organic EL display panel
pertaining to at least one embodiment; FIG. 4A illustrates a
state in which a thin-film transistor (TFT) layer is formed on
a substrate, FIG. 4B illustrates a state in which an interlayer
insulating layer is formed on the substrate, FIG. 4C illus-
trates a state in which pixel electrode material is formed on
the interlayer insulating layer, and FIG. 4D illustrates a state
in which pixel electrodes are formed.

[0012] FIG. 5A, FIG. 5B, FIG. 5C, and FIG. 5D are cross
section diagrams schematically illustrating portions of the
process of manufacturing an organic EL display panel
pertaining to at least one embodiment; FIG. 5A illustrates a
state in which a first bank material layer is formed on the
interlayer insulating layer and the pixel electrodes, FIG. 5B
illustrates a state in which banks 145 and lower portions 142
of banks 14a are formed, FIG. 5C illustrates a state in which
a second bank material layer is formed on the interlayer
insulating layer, the pixel electrodes, the lower portions 142
of the banks 144, and the banks 145, and FIG. 5D illustrates
a state in which upper portions 141 of the banks 14a are
formed.

[0013] FIG. 6A, FIG. 6B, FIG. 6C, and FIG. 6D are cross
section diagrams schematically illustrating portions of the
process of manufacturing an organic EL display panel
pertaining to at least one embodiment; FIG. 6A illustrates a
state in which hole injection layers are formed on pixel
electrodes in apertures 14R. 14G, FIG. 6B illustrates a state
in which hole transport layers are formed the hole injection
layers in the apertures 14R, 14G, FIG. 6C illustrates a state
in which first light emitting layers are formed on the hole
transport layer in the apertures 14R, and FIG. 6D illustrates
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a state in which first light emitting layers are formed on the
hole transport layers in the apertures 14G.

[0014] FIG. 7A, FIG. 7B, and FIG. 7C are cross section
diagrams schematically illustrating portions of the process
of manufacturing an organic EL display panel pertaining to
at least one embodiment; FIG. 7A illustrates a state in which
a continuous layer is formed on the first light emitting layers,
the pixel electrodes in apertures 14B, and the banks, FIG. 7B
illustrates a state in which a second light emitting layer is
formed on the continuous layer, and FIG. 7C illustrates a
state in which an electron injection layer is formed on the
second light emitting layer.

[0015] FIG. 8A and FIG. 8B are cross section diagrams
schematically illustrating portions of the process of manu-
facturing an organic EL display panel pertaining to at least
one embodiment; FIG. 8A illustrates a state in which a
counter electrode is formed on the electron injection layer,
and FIG. 8B illustrates a state in which a sealing layer is
formed on the counter electrode.

[0016] FIG. 9 is a flowchart illustrating a process of
manufacturing an organic EL display panel pertaining to at
least one embodiment.

[0017] FIG. 10 is a block diagram illustrating an overall
configuration of an organic EL display device pertaining to
at least one embodiment.

DETAILED DESCRIPTION

<Developments Leading to an Aspect of the Present
Disclosure>

[0018] When light emitting layers and/or functional layers
of an organic EL display panel are formed by an application
method, it is necessary to design spacing of banks according
to positional accuracy of heads of an inkjet device and wet
spreading range of ink.

[0019] FIG. 2A, FIG. 2B, and FIG. 2C are schematic
diagrams for describing a relationship between inkjet device
accuracy and width of banks and subpixels. As illustrated in
FIG. 2A, a situation is supposed in which ink 9010 is
dropped from an inkjet head 4030. Here, when a position set
as a trajectory DC of a center of the ink 9010 is Pa, and a
maximum deviation between application position as set in
the inkjet head 4030 and actual application position is d, an
actual trajectory DC of the center of the ink 9010 is any
position between position Pb and position Pc, which are in
a range of distance d from the position Pa. Deviation from
the application position set in the inkjet head 4030 occurs,
for example, due to mistiming of ejection of the ink 9010
when applying the ink 9010 while the inkjet head 4030 is
scanning in the x direction. Accordingly, as illustrated in
FIG. 2B, when a spreading range (radius) of ink 9020 after
landing is R, a range along the x axis in which the ink 9020
after landing can be present is a range from a position of
distance R left (negative x direction) of the position Pb to a
position of distance R right (positive x direction) of the
position Pc, i.e. a range equal to or less than a distance (d+R)
from DC. Ink after landing that is present in a subpixel
adjacent to the subpixel that is the application target causes
color mixing and the like, and therefore a range in which ink
after landing can be present must be in the subpixel that is
the application target and/or on the banks adjacent to the
subpixel. Accordingly, when a width in the x direction of a
subpixel 9101 is W, and width of each of two banks 9111,
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9112 defining the subpixel 9101 is W,, a bank edge distance
d, must satisfy the following relationship.

dy=W,+2W,22(d+R)

[0020] As illustrated in FIG. 2C, subpixels are arranged in
the x direction. In this case, a bank gap 9121 in which a
plurality of same-color subpixels are arranged is defined by
abank 9131 and a bank 9132, and similarly, a bank gap 9122
in which a plurality of same-color subpixels are arranged is
defined by the bank 9132 and a bank 9133. Here, an
inter-pixel distance P, defined as a distance between a
designed application center Cy in the bank gap 9121 and a
designed application center C; in the bank gap 9122 satisfies
the following relationship.

Expression (1)

P2 (Y)W 4 W, =W 4 W, Expression (2)

Here, from Expression (1) and Expression (2), the following
relationships are established.

P (W 42W,)-Wy=dy=W,

P 22(d+R)-W, Expression (3)

[0021] From Expression (3), the following can be said.
Although the inter-pixel distance P, becomes smaller as
light emitting panel definition becomes higher, when the
maximum deviation d, which is a limitation of the inkjet
device, and the ink radius R after landing do not change, the
risk of color mixing during application increases unless the
bank width W, is designed to be larger. That is, if an attempt
is made to improve definition of a light emitting panel
without changing the inkjet apparatus, the risk of mixing of
ink (color mixing, etc.) between subpixels increases unless
bank width is designed to be large. Accordingly, if an
attempt is made to improve definition of a light emitting
panel without changing the inkjet apparatus and without
increasing the risk of color mixing, a ratio of area of the light
emitting panel to area of banks must be decreased, or in
other words it is necessary to decrease aperture ratio as a
trade-off for increased definition.

[0022] Thus, the inventor studied structure of organic EL
display panels and obtained knowledge that aperture ratio
can be improved according to the manufacturing method
pertaining to at least one aspect of the present disclosure.

<<Aspects of Disclosure>>

[0023] A method for manufacturing an organic EL display
panel reflecting at least one aspect of the present disclosure
comprises: preparing a substrate; forming pixel electrodes in
a matrix of rows and columns above the substrate; forming
banks above the substrate, each of the banks extending in a
column direction at least between the pixel electrodes in a
row direction; forming a first light emitting layer by apply-
ing an ink including a light emitting material in a first gap
selected from a plurality of gaps between the banks; forming
a second light emitting layer by a vapor deposition method
to be continuous above both the first light emitting layer and
the pixel electrodes in a second gap adjacent in the row
direction to the first gap; and forming a counter electrode
above the second light emitting layer. In the forming of the
banks, a height of portions of the banks adjacent to the
second gap is made to be greater than a height of portions of
the banks adjacent to the first gap.

[0024] According to the manufacturing method pertaining
to at least one aspect of the present disclosure, in a manu-
factured organic EL display panel, a surface area of the first
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light emitting layer formed in the first gap and a portion of
the second light emitting layer in the second gap both help
make limitations of an inkjet device less restrictive. Accord-
ingly, it is possible to achieve an improvement in both
definition and aperture ratio of the organic EL display panel.
[0025] Further, an organic EL display panel pertaining to
at least one aspect of the present disclosure comprises: a
substrate; pixel electrodes arranged in a matrix of rows and
columns above the substrate; banks disposed above the
substrate, each of the banks extending in a column direction
between the pixel electrodes in a row direction; a first light
emitting layer disposed above the pixel electrodes in a first
gap selected from a plurality of gaps between the banks; a
second light emitting layer that is continuous above both the
first light emitting layer and the pixel electrodes in a second
gap adjacent in the row direction to the first gap; and a
counter electrode disposed above the second light emitting
layer, wherein a height of portions of the banks adjacent to
the second gap is greater than a height of portions of the
banks adjacent to the first gap.

[0026] The organic EL display panel pertaining to at least
one aspect of the present disclosure achieves the same
effects as the manufacturing method pertaining to at least
one aspect of the present disclosure.

[0027] Further, an organic EL display device pertaining to
at least one aspect of the present disclosure is an organic EL
display device including the organic EL display panel.
[0028] The organic EL display device achieves the same
effects as the manufacturing method pertaining to at least
one aspect of the present disclosure.

[0029] The manufacturing method may be configured as
follows.
[0030] A third light emitting layer may be formed prior to

the forming of the second light emitting layer by applying
ink including a light emitting material to a third gap adjacent
to the second gap in the row direction, and the second light
emitting layer may be formed to also be continuous above
the third light emitting layer.

[0031] Accordingly, definition can be improved in an
organic BL display device that includes three or more colors
of organic EL element.

[0032] The light emitting material of the ink of the first
light emitting layer may emit red light, the light emitting
material of the ink of the third light emitting layer may emit
green light, and the second light emitting layer may be
formed by using a light emitting material that emits blue
light.

[0033] Accordingly, a decrease in red and green light
emission intensity can be suppressed.

[0034] Further, in the forming of the banks, a width of
banks adjacent to both the first gap and the third gap may be
made greater than a width of banks adjacent to the second
gap.

[0035] Accordingly, narrowing of the second gap can be
prevented while maintaining width of banks between the
first gap and the second gap in order to prevent color mixing.
[0036] Further, in the forming of the banks, a height of
banks adjacent to both the first gap and the third gap may be
made the same as a height of a portion adjacent to the first
gap of banks adjacent to the second gap.

[0037] Accordingly, manufacturing of the banks can be
simplified while preventing the banks between the first gap
and the third gap from becoming excessively high.
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[0038] Further, a width in the row direction of the second
gap may be made less than a width in the row direction of
the first gap.

[0039] Accordingly, a surface area of the first light emit-
ting layer, which is difficult to increase, can be increased,
which can improve the aperture ratio.

[0040] Further, a first functional layer may be formed in
the first gap by an application method prior to the forming
of the first light emitting layer, wherein the first functional
layer is not formed on the pixel electrodes in the second gap.
[0041] Accordingly, light emission efficiency of the first
light emitting layer can be improved while avoiding influ-
encing shapes of the banks on either side of the second gap.
[0042] Further, a second functional layer may be formed
on the first light emitting layer and the pixel electrodes in the
second gap by a vapor deposition method prior to the
forming of the second light emitting layer.

[0043] Accordingly, light emission efficiency of the sec-
ond light emitting layer in the second gap can be improved
while ensuring function of the first light emitting layer and
the second light emitting layer in the first gap.

[0044] The organic EL display panel and the organic EL.
display device may be structured as follows.

[0045] A third light emitting layer may be disposed above
the pixel electrodes in a third gap adjacent in the row
direction to the second gap, and the second light emitting
layer may also be continuous above the third light emitting
layer.

[0046] Accordingly, definition can be improved in an
organic EL display device that includes three or more colors
of organic EL element.

[0047] The first light emitting layer may include a light
emitting material that emits red light, the third light emitting
layer may include a light emitting material that emits green
light, and the second light emitting layer may include a light
emitting material that emits blue light.

[0048] Accordingly, a decrease in red and green light
emission intensity can be suppressed.

[0049] A width of the banks adjacent to both the first gap
and the third gap may be greater than a width of the banks
adjacent to the second gap.

[0050] Accordingly, narrowing of the second gap can be
prevented while maintaining width of banks between the
first gap and the second gap in order to prevent color mixing.
[0051] A height of the banks adjacent to both the first gap
and the third gap may be the same as a height of a portion
adjacent to the first gap of the banks adjacent to the second
gap.

[0052] Accordingly, manufacturing of the banks can be
simplified while preventing the banks between the first gap
and the third gap from becoming excessively high.

[0053] A width in the row direction of the second gap may
be less than a width in the row direction of the first gap.
[0054] Accordingly, a surface area of the first light emit-
ting layer, which is difficult to increase, can be increased,
which can improve the aperture ratio.

[0055] A first functional layer may be disposed between
the first light emitting layer and the pixel electrodes in the
first gap, and not between the second light emitting layer and
the pixel electrodes in the second gap.

[0056] Accordingly, light emission efficiency of the first
light emitting layer can be improved while avoiding influ-
encing shapes of the banks on either side of the second gap.
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[0057] A second functional layer may be disposed
between the second light emitting layer and the first light
emitting layer and between the second light emitting layer
and the pixel electrodes in the second gap.

[0058] Accordingly, light emission efficiency of the sec-
ond light emitting layer in the second gap can be improved
while ensuring function of the first light emitting layer and
the second light emitting layer in the first gap.

[0059] Further, a method for manufacturing an organic EL
display panel pertaining to at least one aspect of the present
disclosure is a method comprising: preparing a substrate;
forming pixel electrodes in a matrix of rows and columns
above the substrate; forming banks above the substrate, each
of the banks extending in a column direction between the
pixel electrodes in a row direction; forming a second light
emitting layer by a vapor deposition method in a first gap
selected from a plurality of gaps between the banks and in
a second gap adjacent to the first gap in the row direction;
forming a first light emitting layer by applying an ink
including a light emitting material above the second light
emitting layer and the pixel electrodes in the first gap; and
forming a counter electrode above the first light emitting
layer and the second light emitting layer, wherein in the
forming of the banks, a height of portions of the banks
adjacent to the second gap is made to be greater than a height
of portions of the banks adjacent to the first gap.

[0060] Further, an organic EL display panel pertaining to
at least one aspect of the present disclosure is an organic EL
display panel comprising: a substrate; pixel electrodes
arranged in a matrix of rows and columns above the sub-
strate; banks disposed above the substrate, each of the banks
extending in a column direction between the pixel electrodes
in a row direction; a second light emitting layer disposed
above the pixel electrodes in a first gap selected from a
plurality of gaps between the banks and in a second gap
adjacent to the first gap in the row direction; a first light
emitting layer disposed above the pixel electrodes in the first
gap, above the second light emitting layer, and a counter
electrode disposed above the first light emitting layer and the
second light emitting layer, wherein a height of portions of
the banks adjacent to the second gap is greater than a height
of portions of the banks adjacent to the first gap.

[0061] Said manufacturing method and said organic EL
display panel also achieve the effects described above.

Embodiments

[0062] The following describes an organic EL display
panel pertaining to at least one embodiment. The following
description is illustrative, for the purpose of explaining
structure, operation, and effects pertaining to an aspect of the
present disclosure, and the present disclosure is not limited
to the following description, except for description of essen-
tial features.

1. Structure of Organic EL Display Panel and Organic EL
Elements

[0063] FIG.11is a cross section diagram of a portion of an
organic EL display panel 100 (see FIG. 10) pertaining to
Embodiment 1. The organic EL display panel 100 includes
pixels, each pixel including organic EL elements 1(R), 1(G),
1(B) that emit red light, green light, and blue light. respec-
tively. In FIG. 1, a cross section of one such pixel is
illustrated.
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[0064] 1In the organic EL display panel 100, each organic
EL element 1 is a top-emission type that emits light in a
forwards direction (away from the substrate).

[0065] The organic EL element 1(R) and the organic EL
element 1(G) have substantially the same structure, and
therefore are described as the organic EL element 1(R/G)
unless a distinction is made. Further, portions of the organic
EL element 1(R/G) and the organic EL element 1(B) that
have similar structure may be described the organic EL
element 1 where a distinction is not made.

[0066] As illustrated in FIG. 1, the organic EL element
1(R/G) includes a substrate 11, an interlayer insulating layer
12, a pixel electrode 13R or 13G barnks 14, a hole injection
layer 15, a hole transport layer 186, a first light emitting layer
17, a connecting layer 18, a second light emitting layer 19,
an electron injection layer 20, a counter electrode 21, and a
sealing layer 22. The organic EL element 1(B) does not
include the hole injection layer 15, the hole transport layer
16, or the first light emitting layer 17, but includes the
substrate 11, the interlayer insulating layer 12, a pixel
electrode 13B, the banks 14, the connecting layer 18, the
second light emitting layer 19, the electron injection layer
20, the counter electrode 21, and the sealing layer 22.

[0067] The substrate 11, the interlayer insulating layer 12,
the connecting layer 18, the second light emitting layer 19,
the electron injection layer 20, the counter electrode 21, and
the sealing layer 22 are not formed discretely for each pixel,
but are formed to be common to a plurality of the organic EL
elements 1 of the organic EL display panel 100.

<Substrate>

[0068] The substrate 11 includes a base 111, which is an
insulating material, and a thin film transistor (TFT) layer
112. In the TFT layer 112 is formed a drive circuit per pixel.
The base 111 is, for example, a glass substrate, a quartz
substrate, a silicon substrate, a metal substrate such as
molybdenum sulfide, copper, zinc, aluminum, stainless
steel, magnesium, iron, nickel, gold, or silver, a semicon-
ductor substrate such as gallium arsenide, a plastic substrate,
or the like. As a plastic material, a thermoplastic resin or a
thermosetting resin may be used. For example, polyethyl-
ene, polypropylene, polyamide, polyimide (PI), polycarbon-
ate, acrylic resin, polyethylene terephthalate (PET), polybu-
tylene terephthalate, polyacetal, a fluoride resin, a
thermoplastic elastomer such as styrene, polyolefin, polyvi-
nyl chloride, polyurethane, fluorine rubber, or chlorinated
polyethylene, epoxy resin, unsaturated polyester, silicone
resin, polyurethane, or the like, or a copolymer, a blend, or
polymer alloy mainly comprising said material, or a lami-
nate comprising one or more of said materials can be used.

<Interlayer Insulating Layer>

[0069] The interlayer insulating layer 12 is formed on the
substrate 11. The interlayer insulating layer 12 is made of a
resin material, and is for planarizing an uneven top surface
of the TIT layer 112. As a resin material, a positive type of
photosensitive material is an example. Further, as the pho-
tosensitive material, acrylic resin, polyimide resin, siloxane
resin, and phenolic resin are examples. Further, although not
illustrated in FIG. 1, a contact hole per pixel is formed in the
interlayer insulating layer 12.
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<Pixel Electrodes>

[0070] The pixel electrodes 13R, 13Q 13B include a metal
layer made of a light-reflective metal material, and are
formed on the interlayer insulating layer 12. One of the pixel
electrodes 13R, 13G 13B is provided per subpixel, and the
pixel electrodes 13R, 13G 13B are electrically connected to
the TFT layer 112 via contact holes.

[0071] According to the present embodiment, the pixel
electrodes 13R, 13G 13B function as anodes.

[0072] Specific examples of light-reflective metal material
are silver (Ag), aluminum (Al), aluminum alloy. molybde-
num (Mo), silver palladium copper alloy (APC), silver
rubidium gold alloy (ARA), molybdenum and chromium
alloy (MoCr), molybdenum and tungsten alloy (MoW),
nickel and chromium alloy (NiCr), and the like.

[0073] The pixel electrodes 13R, 13G, 13B may each be a
single metal layer, and may each be a laminate structure with
a layer made of a metal oxide such as indium tin oxide (ITO)
or indium zinc oxide (IZO) on a metal layer.

[0074] Although the pixel electrodes 13R and the pixel
electrodes 13G have similar structures, the pixel electrodes
13B have a smaller width in the x direction than the pixel
electrodes 13R and the pixel electrodes 13G. Further, it is
advantageous that surface area of the pixel electrodes 13B
be substantially the same as surface area of the pixel
electrodes 13R and surface area of the pixel electrodes 13Q
and therefore the pixel electrodes 13B have a greater length
in the y direction than the pixel electrodes 13R and the pixel
electrodes 13G. The second light emitting layer 19 is formed
by vapor deposition, as described later, and therefore film
thickness of the second light emitting layer 19, which is the
light emitting layer of the organic EL elements 1(B), is
uniformly greater than film thickness of the first light
emitting layers, which are the light emitting layers of the
organic EL elements 1(R/G), and boundary regions between
organic EL elements 1(B) that are adjacent in the y direction
can be made smaller.

<Banks>

[0075] The banks 14 are formed on the pixel electrodes 13
so as to expose a portion of each top surface of the pixel
electrodes 13 and cover regions on both sides of the portions
in the x direction. The portion of each top surface of the
pixel electrodes 13 not covered by the banks 14 in the x
direction (also referred to as an “aperture”) corresponds to a
subpixel. That is, in the x direction, the banks 14 define an
aperture per subpixel.

[0076] According to the present embodiment, the banks 14
are formed on the interlayer insulating layer 12 where the
pixel electrodes 13 are not present. That is, where the pixel
electrodes 13 are not present, bottom surfaces of the banks
14 are in contact with a top surface of the interlayer
insulating layer 12.

[0077] The banks 14 are, for example, made of an insu-
lative organic material. The banks 14 function as a structure
for preventing overflow of ink applied when forming the
hole injection layers 15, the hole transport layers 16, and the
first light emitting layers 17. According to the present
embodiment, the banks 14 are made of a resin material,
examples of which include acrylic resin, polyimide resin,
siloxane resin, and phenolic resin. According to the present
embodiment, phenolic resin is used.
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[0078] The banks 14 are classified into first banks 14a and
second barks 145. The first banks 144 are provided between
the organic EL elements 1(B) and the organic EL elements
1(R/G), and portions of the first banks 14a adjacent to the
organic EL elements 1(B) are taller than portions of the first
banks 14a adjacent to the organic EL elements 1(R/G). More
specifically, each of the first banks 14a is made of a lower
portion 142 that has a shape in cross section that is substan-
tially an acute trapezoid and an upper portion 141 that is
narrower in the x direction than the lower portion 142, and
the upper portions 141 are formed on top surfaces of the
lower portions 142 that are adjacent to the organic EL
elements 1(B). It is advantageous that side surfaces of the
lower portions 142 adjacent to the organic EL elements 1(B)
are substantially continuous with side surface of the upper
portions 141 adjacent to the organic EL elements 1(B), and
portions of the top surfaces of the lower portions 142
adjacent to the organic EL elements 1(R/G) are exposed so
as to form a step shape. The second banks 145 are provided
between the organic EL elements 1(R) and the organic EL
elements 1(G). The second banks 145 each have a shape in
cross section that is substantially an acute trapezoid, and
while heights thereof are substantially the same as heights of
the lower portions 142, width in the x direction of the second
banks 145 is greater than that of the lower portions 142.

<Third Banks>

[0079] Although not illustrated, third banks are formed
between organic EL elements 1(B) that are adjacent to each
other in the y direction, and between organic EL elements
1(R/G) that are adjacent to each other in the y direction. The
third banks are provided between the pixel electrodes 13R,
13G, 13B in the y direction and cover ends of the pixel
electrodes 13R, 13G 13B in the y direction. The third banks
are provided below the first banks 14 and the second banks
145, and top surfaces of the third banks have lyophilicity
with respect to ink applied thereon.

<Hole Injection Layers>

[0080] The hole injection layers 15 are provided on the
pixel electrodes 13R, 13G of the organic EL elements
1(R/G) for promoting injection of holes from the pixel
electrodes 13 to the first light emitting layer 17 and are
continuous between the organic EL elements 1(R/G) that are
adjacent to each other in the y direction, spanning across the
third banks. Specific examples of material of the hole
injection layers 15 include electrically conductive polymers
such as poly(3.4-ethylenedioxythiophene) polystyrene sul-
fonate (PEDOT:PSS).

[0081] The hole injection layers 15 may be made of a
transition metal oxide. Specific examples of transition met-
als include silver (Ag), molybdenum (Mo), chromium (Cr),
vanadium (V), tungsten (W), nickel (Ni), and iridium (Ir).
Transition metals take a plurality of valences, and therefore
a plurality of levels, and as a result, hole injection becomes
easier and this contributes to a reduction in drive voltage.
Here, the hole injection layers 15 advantageously have a
large work function.

<Hole Transport Layers>

[0082] The hole transport layers 16 are formed on the hole
injection layers 15 in apertures corresponding to the organic
EL elements 1(R/G). A material of the hole transport layers
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16 is a polymer compound having no hydrophilic group,
specific examples of which include polyfluorene, derivatives
thereof, and polyarylamine, and derivatives thereof.

[0083] The hole transport layers 16 have a function of
transporting holes injected from the hole injection layers 15
to the first light emitting layers 17.

<First Light Emitting Layers>

[0084] The first light emitting layers 17 are formed on the
hole transport layers 16 in apertures corresponding to the
organic EL elements 1(R/G). The first light emitting layers
17 have a function of emitting red, green colors of light,
according to recombination of holes and electrons. A mate-
rial of the first light emitting layers 17 can be a known
material. Examples include fluorescent substances such as
oxinoid compounds, perylene compounds, coumarin com-
pounds, azacoumarin compounds, oxazole compounds,
oxadiazole compounds, perinone compounds, pyrrolopyr-
role compounds, naphthalene compounds, anthracene com-
pounds, fluorene compounds, fluoranthene compounds, tet-
racene compounds, pyrene compounds, coronene
compounds, quinolone compounds, azaquinolone com-
pounds, pyrazoline derivatives, pyrazolone derivatives, rho-
damine compounds, chrysene compounds, phenanthrene
compounds, cyclopentadiene compounds, stilbene com-
pounds, diphenylquinone compounds, styryl compounds,
butadiene compounds, dicyanomethylene pyran com-
pounds, dicyanomethylene thiopyran compounds, fluores-
cein compounds, pyrylium compounds, thiapyrylium com-
pounds, selenapyrylium compounds, telluropyrylium
compounds, aromatic aldadiene compounds, oligophe-
nylene compounds, thioxanthene compounds, cyanine com-
pounds, acridine compounds, metal complexes of 8-hy-
droxyquinoline  compounds, metal complexes of
2-bipyridine compounds, complexes of a Schiff salt and a
group III metal, oxine metal complexes, and rare earth
complexes.

<Connecting Layer>

[0085] The connecting layer 18 is formed across the
apertures and the banks 14, and is a layer common to the
organic EL elements 1. In the organic EL elements 1(B), the
connecting layer 18 has a function of promoting injection of
holes from the pixel electrodes 13 to the second light
emitting layer 19, and in the organic EL elements 1(R/G),
the connecting layer 18 has a function of confining triplet
excitons formed in the first light emitting layers 17 in the
first light emitting layers 17. Thickness of the connecting
layer 18 is advantageously from 1 nm to 30 nm, and
according to at least one embodiment is from 1 nm to 15 nm.
[0086] A material of the connecting layer 18 advanta-
geously satisfies the following conditions. First, in order to
confine triplet excitons formed in the first light emitting
layers 17 to the first light emitting layers 17, a triplet excited
state of the connecting layer 18 is advantageously at least 0.1
eV higher than a triplet excited state of the first light emitting
layers 17. Second. in order to promote the injection of holes
to the second light emitting layer 19, in addition to have a
hole transport property, a difference in energy of a ground
state of the second light emitting layer 19 and energy of a
ground state of the connecting layer 18 is advantageously
0.4 eV or less. Third, the connecting layer 18 is formed by
vapor deposition, and is therefore advantageously a low
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molecular weight material, and in particular a monomer.
Specific examples include a phosphorescent host material;
or benzene, styrylamine, triphenylamine, porphyrin, triph-
enylene, azatriphenylene, tetracyanoquinodimethane, triaz-
ole, imidazole, oxadiazole, polyarylalkane, phenylenedi-
amine, arylamine, oxazole, anthracene, fluorenone,
hydrazone, stilbene, or a derivative thereof; or a heterocyclic
conjugated monomer or oligomer such as a vinyl carbazole
compound, a thiophene compound, or an aniline compound.
More specific examples include porphyrin, metal tetraphe-
nylporphyrin, metal naphthalocyanine, N,N,N'.N'-tetrakis
(p-tolyl)p-phenylenediamine, N,N,N',N'-tetraphenyl-4,4'-di-
aminobiphenyl, =~ N-phenylcarbazole,  and  4-di-p-
tolylaminostilbene.

<Second Light Emitting Layer>

[0087] The second light emitting layer 19 is formed on the
connecting layer 18 and is a layer common to the organic EL
elements 1. In the organic EL elements 1(B), the second light
emitting layer 19 functions as a light emitting layer emitting
blue light due to recombination of holes and electrons, and
in the organic EL elements 1(R/G), the second light emitting
layer 19 functions as a recombination region exciting light
emitting material of the first light emitting layers 17 due to
recombination of holes and electrons. That is, in the organic
EL elements 1(B), the second light emitting layer 19 emits
light as a light emitting layer, but in the organic EL elements
1(R) and the organic EL elements 1(G), only the first light
emitting layers 17 functions as light emitting layers, and the
second light emitting layer 19 does not emit light. Accord-
ingly, wavelength of light emitted by the second light
emitting layer 19 is advantageously shorter than wavelength
of light emitted by the first light emitting layers 17. A
material of the second light emitting layer 19 can be a known
material. Examples include fluorescent substances such as
oxinoid compounds, perylene compounds, coumarin com-
pounds, azacoumarin compounds, oxazole compounds,
oxadiazole compounds, perinone compounds, pyrrolopyr-
role compounds, naphthalene compounds, anthracene com-
pounds, fluorene compounds, fluoranthene compounds, tet-
racene compounds, pyrene compounds, coronene
compounds, quinolone compounds, azaquinolone com-
pounds, pyrazoline derivatives, pyrazolone derivatives, rho-
damine compounds, chrysene compounds, phenanthrene
compounds, cyclopentadiene compounds, stilbene com-
pounds, diphenylquinone compounds, styryl compounds,
butadiene compounds, dicyanomethylene pyran com-
pounds, dicyanomethylene thiopyran compounds, fluores-
cein compounds, pyrylium compounds, thiapyrylium com-
pounds, selenapyrylium compounds, telluropyrylium
compounds, aromatic aldadiene compounds, oligophe-
nylene compounds, thioxanthene compounds, cyanine com-
pounds, acridine compounds, metal complexes of 8-hy-
droxyquinoline  compounds, metal complexes of
2-bipyridine compounds, complexes of a Schiff salt and a
group III metal, oxine metal complexes, and rare earth
complexes.

<Electron Injection Layer>

[0088] The electron injection layer 20 has a function of
injecting electrons supplied from the counter electrode 21 to
the second light emitting layer 19. The electron injection
layer 20 is formed by doping an organic material having a
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high electron transport property with a dopant metal selected
from an alkali metal or an alkaline earth metal. According to
at least one embodiment, Ba is the dopant. Concentration of
the Ba dopant is 40 wt % or less, advantageously 20 wt %
or less, and according to at least one embodiment 15 wt %
or less.

[0089] Alkali metals are lithium (Li), sodium (Na), potas-
sium (K), rubidium (Rb), cesium (Cs), and francium (Fr),
and metals corresponding to alkaline earth metals are cal-
cium (Ca), strontium (Sr), barium (Ba), and radium (Ra).
[0090] As the organic material used in the electron injec-
tion layer 20, examples include = electron low molecular
weight organic materials such as oxadiazole derivatives
(OXD), triazole derivatives (TAZ), and phenanthroline
derivatives (BCP, Bphen).

<Counter Electrode>

[0091] The counter electrode 21 is made of a light-trans-
missive electrically-conductive material, and is formed on
the electron injection layer 20. The counter electrode 21
functions as a cathode.

[0092] As a material of the counter electrode 21, ITO or
170 can be used, for example. Alternatively, as a material of
the counter electrode 21, a metal thin film may be used, such
as silver, a silver alloy, aluminum, or an aluminum alloy.

<Sealing Layer>

[0093] The scaling layer 22 has a function of restricting
exposure to moisture and air of organic layers such as the
hole transport layers 16, the first light emitting layers 17, the
connecting layer 18, the second light emitting layer 19, and
the electron injection layer 20, and is made of a light-
transmissive material such as silicon nitride (SiN) or silicon
oxynitride (SiON). Further, a sealing resin layer made of a
resin material such as acrylic resin or silicone resin may be
provided on the layer made of a material such as silicon
nitride (SiN) or silicon oxynitride (SiON).

[0094] According to the present embodiment, the organic
EL display panel 100 is a top-emission type, and therefore
the sealing layer 22 is made of a light-transmissive material.

2. Aperture Ratio of Structure of Banks and Light Emitting
Layers

[0095] FIG. 3A, FIG. 3B, FIG. 3C, FIG. 3D, and FIG. 3E
are diagrams illustrating bank structure pertaining to at least
one embodiment and comparative examples. FIG. 3A, FIG.
3B, FIG. 3C. FIG. 3D, and FIG. 3E are cross section
diagrams taken along the xz plane, and are simplified to only
show the substrate 11 and banks.

[0096] FIG. 3A illustrates Comparative Example 1, illus-
trating a conventional bank structure in which red light
emitting layers, green light emitting layers, and blue light
emitting layers are all formed by using an application
method. As described above, in order to prevent ink applied
to an aperture 914R from overflowing into aperture 914B
and aperture 914G, the bank edge distance d, must satisfy
Expression (1). Accordingly, a left edge of bank 9141 and a
right edge of bank 9142 are each separated from a center of
aperture 914R by a distance d,/2. Similarly, a left edge of the
bank 9142 and a right edge of bank 9143 are each separated
from a center of aperture 914G by a distance d,/2.

[0097] FIG. 3B illustrates Comparative Example 2, illus-
trating a structure in which upper portions 9241a, 9243a,
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9244a are provided on banks 9241, 9243, 9244 adjacent to
a blue light emitting layer, in order to form the blue light
emitting layer by a vapor deposition method. According to
Comparative Example 2, the upper portion 9241a is pro-
vided at a height such that ink for forming the red light
emitting layer does not overflow from the aperture 924R
towards the blue light emitting layer. Similarly, the upper
portion 9243a is provided at a height such that ink for
forming the green light emitting layer does not overflow
from the aperture 924G towards the blue light emitting layer.

[0098] FIG. 3C is a diagram illustrating Comparative
Example 3, in which the bank structure has the same effect
as the bank structure of Comparative Example 2, but aper-
ture ratio is improved. According to Comparative Example
2, ink does not flow into the aperture 924B in which the blue
light emitting layer is formed, due to provision of the upper
portions 9241a, 9243a, 9244a. Thus, an upper portion left
edge of the bank 9241 does not need to be separated by a
distance d,/2 from the center of the aperture 924R. That is,
a left-side-portion 92415 of the bank 9241, left of the upper
portion 9241a, need not exist. Similarly, an upper portion
right edge of the bank 9243 does not need to be separated by
a distance d,/2 from the center of the aperture 924G and a
right-side-portion 92435 of the bank 9243, right of the upper
portion 9243a, need not exist. Similarly, an upper portion
left edge of the bank 9244 does not need to be separated by
a distance d,/2 from the center of the aperture 924R, and a
left-side-portion 92445 of the bank 9244, right of the upper
portion 92444, need not exist. Accordingly, as illustrated by
Comparative Example 3, a distance between the upper
portion right edge of the bank 9341 and the center of the
aperture 934R, a distance between the upper portion left
edge of the bank 9343 and the center of the aperture 934G,
and a distance between the upper portion right edge of the
bank 9344 may each equal d,, which is smaller than d,/2.
The effect of preventing color mixing in the aperture 934B
in which the blue light emitting layer is formed is not lost in
this structure, and aperture ratio can be improved by increas-
ing the width of the aperture 934B. Further, because posi-
tions of the banks 9341, 9343, 9344, which have upper
portions, are closer to the aperture 934B in which the blue
light emitting layer is formed, width of the apertures 934R,
934G in which the red light emitting layer and the green
light emitting layer are formed can be increased.

[0099] FIG. 3D is a diagram illustrating a bank structure
embodiment. According to this embodiment, width of an
aperture 14B is smaller than width of apertures 14R, 14G,
making distances between apertures of the same color
smaller in order to improve definition. The blue light emit-
ting layer formed in the aperture 14B is formed by vapor
deposition, and therefore film thickness is more uniform
than that of the red light emitting layer and the green light
emitting layer, which are formed by an application method.
Thus, it becomes possible to make a ratio of width of a light
emitting portion to width of aperture for the apertures 14B
greater than a ratio of width of a light emitting portion to
width of aperture for the apertures 14R, 14G. Accordingly,
even when width of the apertures 14B is smaller than width
of the apertures 14R, 14G, an amount of light from the blue
light emitting layer is not insufficient. Thus, according to this
embodiment, even when compared to Comparative Example
1, a reduction in aperture ratio is avoided while improving
definition.
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[0100] Here, upper portions of the banks 14a provided so
that ink for forming the red light emitting layer does not
overflow from the apertures 14R to the left (to the blue light
emitting layer) are described. An edge of the bank 14a
adjacent to the aperture 14R is a distance d,, from an
application center in the aperture 14R. The distance d , is a
value at least equal to a radius r, of ink ejected from a nozzle
for forming the red light emitting layer plus the maximum
deviation d between the application position set for the
inkjet head 4030 and an actual application position. Thus,
ink for forming the red light emitting layer, upon landing,
does not overflow the edge of the upper portion of the bank
14a on the side of the aperture 14R, and does not reach the
aperture for forming the blue light emitting layer. The
following describes height of the upper portions of the banks
14a. Ink that has landed spreads to the radius R, as described
above if on a level plane, but since the upper portions of the
banks 14a are present, the ink does not spread to the left
(blue light emitting layer side). If a radius of a red ink drop
dropped from a nozzle is r,, the volume of the ink drop is
4/3m, but after the ink lands, assuming that spreading is
restricted and the ink fits into a cylinder of radius r, after
landing, height of the cylinder becomes 4/3mr,. That is, by
making height of the upper portions of the banks 144 taller
than 4/3mr , ink for forming the red light emitting layer will
not overflow from the aperture 14R to the left (blue light
emitting layer side).

[0101] Similarly, an edge of the bank 14a adjacent to the
aperture 14G provided so that ink for forming the green light
emitting layer does not overflow to the right (blue light
emitting layer side) from the aperture 14G, is a distance d,,,
from an application center in the aperture 14G. If a radius of
a green ink drop dropped from a nozzle isr,, the distanced,,,
is a value at least equal to a radius r, of ink ejected from a
nozzle for forming the green light emitting layer plus the
maximum deviation d between the application position set
for the inkjet head 4030 and an actual application position.
Height of the upper portion of the bank 14a is greater than
4/3mr,.

[0102] In the above description of height of the upper
portions of the banks 14a, the influences of ink viscosity,
distance to bank, friction, and the like have been ignored, but
in practice, in order that ink does not overflow into the blue
light emitting layer, these influences are considered to allow
for a lower height.

[0103] The following describes maintaining the bank
structure of Comparative Example 1 while improving defi-
nition. In order to improve definition, distances between
apertures of the same color must be decreased, and therefore
in practice the distance between the center of the aperture
914R and the center of the aperture 914G must be decreased.
When either of distance between the right edge of the bank
9142 and the center of the aperture 914R and distance
between the left edge of the bank 9142 and the center of the
aperture 914G are made smaller than d,/2, the risk of mixed
colors increases due to mixing of ink for forming the red
light emitting layer and ink for forming the green light
emitting layer. Accordingly, if an attempt is made to improve
definition while preventing color mixing, the distance
between the left edge of the bank 9142 and the center of the
aperture 914R and the distance between the right edge of the
bank 9142 and the center of the aperture 914G must be
decreased, decreasing widths of the aperture 914R and the
aperture 914G, or in other words, a reduction in aperture
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ratio is inevitable. When a designed definition exceeds a
threshold, as illustrated in FIG. 3E (Comparative Example
4), a design width of apertures becomes zero or less, that is,
implementation becomes impossible.

[0104] As described above, according to at least one
embodiment, aperture ratio can be improved over methods
of forming all light emitting layers by application methods,
even when limitations of an inkjet device remain the same.
Accordingly, both definition can be improved and aperture
ratio can be improved even with a combination of inkjet
device and organic EL display device definition that would
ordinarily result in a trade-off between organic EL display
device definition and aperture ratio.

[0105] In order that the bank edge distance d, can be set
small in a case in which all light emitting layers are forming
by an application method (in the case of Comparative
Example 1), provision of protrusions similar to the upper
portions 141 of the banks 14a can also be considered.
However, in this case (Comparative Example 3), if the
distance between a protrusion of a bank on the right side of
an aperture and a protrusion of a bank on the left side of the
aperture is not at least d,', color mixing cannot be prevented.
Accordingly, a distance P, between application center points

p
of adjacent subpixels must satisfy the following expression.

P zd,=2(d+r)

[0106] On the other hand, in order to make the aperture
ratio higher in Comparative Example 3 than in Comparative
Example 2, a lower limit of the distance P, between appli-
cation center points of adjacent subpixels according to
Expression (5) must be lower than a lower limit according
to Expression (3). Accordingly, unless the following expres-
sion is satisfled, adopting the structure of Comparative
Example 3 is meaningless.

Expression (5)

2(d+r)<2(d+R)-W,

R-r>T)2

[0107] That is, if the difference between ink drop radius r
and wet spread radius R after landing is equal to or less than
half of bank width, the aperture ratio is also improved by
Comparative Example 3. However, in practice, the differ-
ence between ink drop radius r and wet spread radius R after
landing is approximately 1 um, whereas bank width is 5 pm
or more, and therefore when the structure of Comparative
Example 3 is adopted, aperture ratio is actually lower than
that of Comparative Example 1.

Expression (6)

<<Aperture Ratio Examples>>

[0108] For example, when generating a panel having 423
pixels per inch (ppi), a width of one pixel is set as 60 pm.
With respect to this, the maximum deviation d of the inkjet
device is assumed to be 6 um, and a spreading range D is
assumed to be 6.5 m. In this example, a minimum value for
the bank edge distance d, becomes 23 pm. Accordingly, in
a conventional bank structure, the situation of Comparative
Example 4 is caused, and apertures cannot be provided.
[0109] In contrast, according to the structure of the
embodiment, when the bank width between the apertures
14R, 14G is 12 um and the bank width on either side of the
aperture 14B is 6 pm, width of the apertures 14R, 14G can
be 13 um and width of the aperture 14B can be 10 pm.
Although aperture ratio is not defined by only width, an
aperture ratio of approximately 30% can be ensured.
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3. Method for Manufacturing Organic EL Display Panel

[0110] A method for manufacturing the organic EL display
panel 100 is described with reference to the drawings. FIG.
4A to FIG. 8B are schematic cross section diagrams illus-
trating states in the manufacture of the organic EL display
panel 100. F1G. 9 is a flowchart illustrating the method for
manufacturing the organic EL display panel 100.

(1) Forming Substrate 11

[0111] First, as illustrated in F1G. 4A, the TFT layer 112 is
formed on the base 111 to form the substrate 11 (step S1 in
FIG. 9). The TFT layer 112 can be formed by a known TFT
manufacturing method.

[0112] Next, as illustrated in FIG. 4B, the interlayer insu-
lating layer 12 is formed on the substrate 11 (step S2 in FIG.
9). The interlayer insulating layer 12 can be formed by
lamination using, for example, plasma chemical vapor depo-
sition (CVD), sputtering, or the like.

[0113] Next, dry etching is performed in the interlayer
insulating layer 12 in locations above source electrodes in
the TFT layer, forming contact holes. The contact holes are
formed so that bottoms of the contacts holes each expose a
surface of a source electrode.

[0114] Next, a connecting electrode layer is formed fol-
lowing inner walls of the contact holes. An upper portion of
the connecting electrode layer is disposed above the inter-
layer insulating layer 12. Forming the connecting electrode
layer can be achieved by using a sputtering method, for
example, and after a metal film is formed, patterning by
using a photolithography method and a wet etching method.

(2) Forming Pixel Electrodes 13

[0115] Next, as illustrated in FIG. 4C, a pixel electrode
material layer 130 is formed on the interlayer insulating
layer 12 (step S3 in FIG. 9). The pixel electrode material
layer 130 can be formed by using, for example, a vacuum
deposition method, a sputtering method, or the like.
[0116] Next, as illustrated in FIG. 4D, the pixel electrode
material layer 130 is patterned by etching, forming the pixel
electrodes 13R, 13G, 13G, one for each subpixel (step S4 in
FIG. 9).

(3) Forming Banks 14

[0117] Next, the third banks then the banks 14 are formed.
A third bank material layer is formed by applying a bank
material resin, which is a material of the third banks, onto
the pixel electrodes 13R, 13G, 13B, and the interlayer
insulating layer 12. Then, by performing pattern exposure
and developing on the third bank material layer, the third
banks are formed.

[0118] Next, as illustrated in FIG. 5A, a first bank material
layer 140 is formed by applying a bank material resin, which
is a material of the barks 14, onto the pixel electrodes 13R,
13G, 13B, the interlayer insulating layer 12, and the third
banks. The first bank material layer 140 is formed by
uniformly applying a solution of phenol resin in a solvent
(for example, a mixed solvent of ethyl lactate and gamma-
Butyrolactone (GBL)) onto the pixel electrodes 13R, 13G,
13B, the interlayer insulating layer 12, and the third banks
by using a spin coating method or the like. Then, by pattern
exposure and developing of the first bank material layer 140,
the banks 145 and the lower portions 142 of the banks 14a
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are formed (FIG. 5B). Next, a second bank material layer
145 is formed by applying a bank layer resin onto the pixel
electrodes 13R, 13G 13B, the interlayer insulating layer 12,
the banks 145, the lower portions 142 of the banks 14a, and
the third banks (FIG. 5C). Note that material of the second
bank material layer 145 may be the same as the material of
the first bank material layer 140. Then, by performing
pattern exposure and developing on the second bank mate-
rial layer 145, the upper portions 141 of the banks 14a are
formed on the lower portions 142 of the banks 14a (step S5
in FIG. 9, FIG. 5D). Finally, the banks 14 are baked (step S7
in FIG. 9). Thus, apertures in which the light emitting layers
17 are formed are defined. Baking of the banks 14 is
performed at a temperature from 150° C. to 210° C. for 60
minutes, for example.

[0119] Further, in forming the banks 14, surfaces of the
banks 14 may be further subjected to a surface treatment
with a defined alkaline solution, water, an organic solvent, or
the like, and may be subjected to a plasma treatment. Such
treatments are performed for a purpose of adjusting a contact
angle of ink (solution) applied to the apertures with respect
to the banks 14, or for a purpose of imparting water
repellency to the surfaces.

[0120] Methods of forming the banks 14a are not limited
to the examples given above. For example, the banks 14a.
145 may be formed by patterning a bank material layer by
using a halftone mask. Further, by using materials having
different exposure wavelengths for the second bank material
layer and the first bark material layer, patterning may be
performed in the following order: forming the first bank
material layer, forming the second bank material layer,
exposing and developing the second bank material layer, and
exposing and developing the first bank material layer. Fur-
ther, the upper portions 141 and a portion of the lower
portions 142 directly below the upper portions 141 of the
banks 14a may be formed by patterning of the first bank
material layer, and the banks 145 and the remaining portions
of the lower portions 142 of the banks 14a may be formed
by patterning of the second bank material layer.

(4) Forming Hole Injection Layers 15

[0121] Next, as illustrated in FIG. 6A, the hole injection
layers 15 are formed by scanning an inkjet head 401 along
a direction 410 orthogonal to the banks 14¢, 1456 while
ejecting ink including material of the hole injection layers 15
from a nozzle 4030 above the apertures 14R, 14G, in order
to apply the ink onto the pixel electrodes 13R, 13G in the
apertures 14R, 14G, then performing baking (drying) (step
S7 in FIG. 9). Applied ink does not overflow the banks 14a,
and therefore the ink including material of the hole injection
layers 15 does not flow into the apertures 14B. In other
words, the pixel electrodes 13B in the apertures 14B remain
exposed.

(5) Forming Hole Transport Layers 16

[0122] Next, as illustrated in FIG. 6B, the hole transport
layers 16 are formed by scanning an inkjet head 402 along
a direction 420 orthogonal to the banks 14¢, 145 while
ejecting ink including material of the hole transport layers
16 from a nozzle 4040 above the apertures 14R, 14G, in
order to apply the ink onto the hole injection layers 15 in the
apertures 14R, 14G, then performing baking (drying) (step
S8 in FIG. 9). Applied ink does not overflow the banks 14a,
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and therefore the ink including material of the hole transport
layers 16 does not flow into the apertures 14B. In other
words, the pixel electrodes 13B in the apertures 14B remain
exposed.

(6) Forming First Light Emitting Layers 17

[0123] Next, the first light emitting layers 17R, 17G are
formed on the hole transport layers 16 in the apertures 14R,
14G (step S9 in FIG. 9). Next, as illustrated in FIG. 6C, the
first light emitting layers 17R are formed by scanning an
inkjet head 403 in a direction 430 orthogonal to the banks
14a, 145 while ejecting ink including organic light emitting
material from a nozzle 4050 above the apertures 14R, in
order to apply the ink onto the hole transport layers 16 in the
apertures 14R, then performing drying. Next, as illustrated
in FIG. 6D, the first light emitting layers 17G are formed by
scanning an inkjet head 404 in a direction 440 orthogonal to
the banks 14a, 145 while ejecting ink including organic light
emitting material from a nozzle 4060 above the apertures
14G, in order to apply the ink onto the hole transport layers
16 in the apertures 14G then performing drying. Subse-
quently, baking is performed to dry the ink, forming the first
light emitting layers 17R. 17G. Applied ink does not over-
flow the banks 14a, and therefore the ink including material
of the first light emitting layers 17R, 17G does not flow into
the apertures 14B. In other words, the pixel electrodes 13B
in the apertures 14B remain exposed.

[0124] Further, according to the description above, the
inkjet head 403 ejecting the ink including the material of the
first light emitting layers 17R and the inkjet head 404
ejecting the ink including the material of the first light
emitting layers 17G scan independently, but the inkjet head
403 and the inkjet head 404 may scan at the same time,
thereby performing application of the first light emitting
layers 17R and the first light emitting layers 17G at the same
time.

(7) Forming Connecting Layer 18

[0125] Next, as illustrated in FIG. 7A, the connecting
layer 18 is formed on the first light emitting layers 17R, 17G,
the pixel electrodes 13B, and the banks 14a, 145 (step S10
in FIG. 9). The connecting layer 18 is formed, for example,
by forming a film common to all subpixels by using a vapor
deposition method with respect to an organic material that is
a phosphorescent host material.

(8) Forming Second Light Emitting Layer 19

[0126] Next, as illustrated in FIG. 7B, the second light
emitting layer 19 is formed on the connecting layer 18 (step
S11 in FIG. 9). The second light emitting layer 19 is formed,
for example, by forming a film common to all subpixels by
using a vapor deposition method with respect to a material
of the second light emitting layer 19.

(9) Forming Electron Injection Layer 20

[0127] Next, as illustrated in FIG. 7C, the electron injec-
tion layer 20 is formed on the second light emitting layer 19
(step S12 in FIG. 9). The electron injection layer 20 is
formed, for example, by forming a film common to all
subpixels by using a co-evaporation deposition method with
respect to an electron-transporting organic material and
metal dopant.
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(10) Forming Counter Electrode 21

[0128] Next, as illustrated in FIG. 8A, the counter elec-
trode 21 is formed on the electron injection layer 20 (step
S13 in FIG. 9). The counter electrode 21 is a film formed by
using a sputtering method or a vacuum deposition method
on ITO. 170, silver, aluminum, or the like.

(11) Forming Sealing Layer 22

[0129] Next, as illustrated in FIG. 8B, the sealing layer 22
is formed on the counter electrode 21 (step S13 in FIG. 9).
The sealing layer 22 can be formed as a film by using a
sputtering method or CVD method on SiON, SiN, or the
like.

[0130] Color filters and/or an upper substrate may be
disposed on and bonded to the sealing layer 22.

4. Modifications

[0131] (1) According to at least one embodiment, the hole
injection layers 15, the hole transport layers 16, and the
electron injection layer 20 are included, but the disclosed
structure is not limited to this. For example, instead of the
hole injection layers 15 and the hole transport layers 16,
single phase hole injection/transport layers may be used.
Further, the organic EL display panel may include structural
elements other than described above. For example, an intet-
mediate layer made of an electron transport layer or alkali
metal may be disposed between the second light emitting
layer 19 and the electron injection layer 20.

[0132] Further, a structure in which a functional layer is
not present between the pixel electrodes 13B and the con-
necting layer 18 in the organic EL elements 1(B) is
described, but a functional layer formed by a vapor depo-
sition method or sputtering may be present between the pixel
electrodes 13B and the connecting layer 18, as long as a
functional layer formed by an application method is not
present. For example, between the pixel electrodes 13B and
the connecting layer 18, a hole injection layer made of a
transition metal oxide (for example, tungsten oxide) may be
present.

[0133] (2) According to at least one embodiment, the first
light emitting layers 17 are red light emitting layers and
green light emitting layers, and the second light emitting
layer 19 is a blue light emitting layer, but the present
disclosure is not limited to this. For example, the organic EL
display panel may include four or more colors of subpixel,
for example a yellow light emitting layer may be included as
a further first light emitting layer formed by an application
method. However, when the connecting layer 18 is used, as
described according to at least one embodiment, the second
light emitting layer 19 is advantageously the light emitting
layer that emits light of the shortest wavelength among the
light emitting layers.

[0134] (3) According to at least one embodiment, the
second light emitting layer 19 does not emit light in the
organic EL elements 1(R/G), but the present disclosure is not
limited to this. For example, a carrier generation layer may
be provided instead of the connection layer 18, in order that
the second light emitting layer 19 also emits light in the
organic EL. elements 1(R/G). In this case, a color filter
substrate is advantageously provided on the sealing layer 22,
and a wavelength conversion member is advantageously
provided to portions of the color filter corresponding to the
organic EL elements 1(R/G).
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[0135] (4) According to at least one embodiment, the first
light emitting layers are formed by application of ink
including a light emitting material, and subsequently a
second light emitting layer is formed by a vapor deposition
method above the first light emitting layers and above pixel
electrodes in second apertures adjacent to first apertures in
a row direction, but a structure may be adopted in which the
second light emitting layer is formed in the first apertures
and the second apertures adjacent thereto in the row direc-
tion, and subsequently the first light emitting layers are
formed by applying ink including a light emitting material
above the pixel electrodes in the first apertures, above the
second light emitting layer. In this case, a connecting layer
is formed above the second light emitting layer as a layer
common to all the organic EL elements 1, and the first light
emitting layers are formed above said connecting layer. Said
connecting layer has a function of promoting injection of
electrons from the counter electrode to the second light
emitting layer in the organic EL elements 1(B), and a
function of containing triplet excitons formed in the first
light emitting layers in the first light emitting layers. Accord-
ing to this structure, the same effects can be achieved as the
results described for at least one embodiment. As described
under (3), above, a structure may be adopted in which a
carrier generation layer is used instead of a connecting layer.
[0136] Organic light emitting panels and display devices
pertaining to the present disclosure have been described
based on embodiments and modifications, but the present
disclosure is not limited to the embodiments and modifica-
tions described.
[0137] Although the technology pertaining to the present
disclosure has been fully described by way of examples with
reference to the accompanying drawings, it is to be noted
that various changes and modifications will be apparent to
those skilled in the art. Therefore unless such changes and
modifications depart from the scope of the present disclo-
sure, they should be construed as being included therein.
What is claimed is:
1. A method for manufacturing an organic electrolumi-
nescence (EL) display panel, the method comprising:
preparing a substrate;
forming pixel electrodes in a matrix of rows and columns
above the substrate;
forming banks above the substrate, each of the banks
extending in a column direction at least between the
pixel electrodes in a row direction;
forming a first light emitting layer by applying an ink
including a light emitting material in a first gap selected
from a plurality of gaps between the banks;
forming a second light emitting layer by a vapor deposi-
tion method to be continuous above both the first light
emitting layer and the pixel electrodes in a second gap
adjacent in the row direction to the first gap; and
forming a counter electrode above the second light emit-
ting layer, wherein
in the forming of the banks, a height of portions of the
banks adjacent to the second gap is made to be greater
than a height of portions of the banks adjacent to the
first gap.
2. The method of claim 1, further comprising
forming a third light emitting layer by applying an ink
including a light emitting material in a third gap
adjacent in the row direction to the second gap prior to
the forming of the second light emitting layer, wherein
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the second light emitting layer is formed to also be
continuous above the third light emitting layer.

3. The method of claim 2, wherein

the light emitting material of the ink of the first light
emitting layer emits red light,

the light emitting material of the ink of the third light
emitting layer emits green light, and

the second light emitting layer is formed by using a light
emitting material that emits blue light.

4. The method of claim 2, wherein

in the forming of the banks, a width of the banks adjacent
to both the first gap and the third gap is made to be
greater than a width of the banks adjacent to the second
gap.

5. The method of claim 2, wherein

in the forming of the banks, a height of the banks adjacent
to both the first gap and the third gap is made to be the
same as a height of a portion adjacent to the first gap of
the banks adjacent to the second gap.

6. The method of claim 1, wherein

a width in the row direction of the second gap is made to
be less than a width in the row direction of the first gap.

7. The method of claim 1, further comprising

forming a first functional layer in the first gap by an
application method prior to the forming of the first light
emitting layer, wherein

the first functional layer is not formed on the pixel
electrodes in the second gap.

8. The method of claim 1, further comprising

forming a second functional layer on the first light emit-
ting layer and the pixel electrodes in the second gap by
a vapor deposition method prior to the forming of the
second light emitting layer.

9. An organic electroluminescence (EL) display panel

comprising:

a substrate;

pixel electrodes arranged in a matrix of rows and columns
above the substrate;

banks disposed above the substrate, each of the banks
extending in a column direction between the pixel
electrodes in a row direction;

a first light emitting layer disposed above the pixel
electrodes in a first gap selected from a plurality of gaps
between the banks;

a second light emitting layer that is continuous above both
the first light emitting layer and the pixel electrodes in
a second gap adjacent in the row direction to the first
gap; and

a counter electrode disposed above the second light
emitting layer, wherein

a height of portions of the banks adjacent to the second
gap is greater than a height of portions of the banks
adjacent to the first gap.

10. The organic EL display panel of claim 9, further

comprising

a third light emitting layer disposed above the pixel
electrodes in a third gap adjacent in the row direction
to the second gap, wherein

the second light emitting layer is also continuous above
the third light emitting layer.

11. The organic EL display panel of claim 10, wherein

the first light emitting layer includes a light emitting
material that emits red light,
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the third light emitting layer includes a light emitting
material that emits green light, and
the second light emitting layer includes a light emitting
material that emits blue light.
12. The organic EL display panel of claim 9, wherein
a width of the banks adjacent to both the first gap and the
third gap is greater than a width of the banks adjacent
to the second gap.
13. The organic EL display panel of claim 10, wherein
aheight of the banks adjacent to both the first gap and the
third gap is the same as a height of a portion adjacent
to the first gap of the banks adjacent to the second gap.
14. The organic EL display panel of claim 9, wherein
a width in the row direction of the second gap is less than
a width in the row direction of the first gap.
15. The organic EL display panel of claim 9. further
comprising
a first functional layer between the first light emitting
layer and the pixel electrodes in the first gap, wherein
the first functional layer is not present between the second
light emitting layer and the pixel electrodes in the
second gap.
16. The organic EL display panel of claim 9. further
comprising
a second functional layer between the second light emit-
ting layer and the first light emitting layer and between
the second light emitting layer and the pixel electrodes
in the second gap.
17. An organic electroluminescence (EL) display device
comprising
the organic EL display panel of claim 9.
18. A method for manufacturing an organic electrolumi-
nescence (EL) display panel, the method comprising:
preparing a substrate;
forming pixel electrodes in a matrix of rows and columns
above the substrate;
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forming banks above the substrate, each of the banks
extending in a column direction between the pixel
electrodes in a row direction;

forming a second light emitting layer by a vapor deposi-
tion method in a first gap selected from a plurality of
gaps between the banks and in a second gap adjacent to
the first gap in the row direction;

forming a first light emitting layer by applying an ink
including a light emitting material above the second
light emitting layer and the pixel electrodes in the first
gap; and

forming a counter electrode above the first light emitting
layer and the second light emitting layer, wherein

in the forming of the banks, a height of portions of the
banks adjacent to the second gap is made to be greater
than a height of portions of the banks adjacent to the
first gap.

19. An organic electroluminescence (EL) display panel

comprising:

a substrate;

pixel electrodes arranged in a matrix of rows and columns
above the substrate;

banks disposed above the substrate, each of the banks
extending in a column direction between the pixel
electrodes in a row direction;

a second light emitting layer disposed above the pixel
electrodes in a first gap selected from a plurality of gaps
between the banks and in a second gap adjacent to the
first gap in the row direction;

a first light emitting layer disposed above the pixel
electrodes in the first gap, above the second light
emitting layer; and

a counter electrode disposed above the first light emitting
layer and the second light emitting layer, wherein

a height of portions of the banks adjacent to the second
gap is greater than a height of portions of the banks
adjacent to the first gap.
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