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(57) ABSTRACT

A device and method improving luminous efficiency and
luminescent color in an organic EL display panel used in
electronic devices such as televisions or the like by making it
easy to adjust the difference in film thickness between layers
of different luminescent colors, such as intermediate layers,
when the intermediate layers and light-emitting layers are
formed by a wet method. By varying by color the volume of
acontact hole formed in an interlayer insulation film, which is
a lower layer of an organic ELL element, the volume of a
concavity in each anode plate is adjusted. When ink that
includes material for the intermediate layer or the like is
sprayed by an inkjet method, the film thickness of the inter-
mediate layer or the like changes in accordance with the
amount of ink filing the concavity.
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ORGANIC EL DISPLAY PANEL, DISPLAY
DEVICE, AND METHOD OF
MANUFACTURING ORGANIC EL DISPLAY
PANEL

[0001] This is a continuation of International Application
PCT/IP2010/004984, with an international filing date of Aug.
6, 2010.

TECHNICAL FIELD

[0002] The present invention relates to organic electrolu-
minescence (hereinafter, “organic EL”) display panels con-
taining a matrix of organic EL elements, to display devices,
and to methods of manufacturing organic EL display panels.

BACKGROUND ART

[0003] Inrecent years, organic EL display panels that have
a plurality of organic EL elements in rows above a substrate
have been used as light-emitting display panels in compact
electronic equipment and compact display devices. The basic
structure of an organic EL element is to form a light-emitting
layer, which includes organic light-emitting material,
between a pair of electrodes, i.e. an anode and a cathode.
When voltage is applied between the pair of electrodes, holes
injected into the light-emitting layer from the anode recom-
bine with electrons injected into the light-emitting layer from
the cathode, and as a result, the organic EL element emits
light. Since each organic EL element in the organic EL dis-
play panel emits light, the light from the display panel is
highly visible.

[0004] In an organic EL display panel, typically a light-
emitting layer is partitioned in each organic EL element by
banks (walls) formed from insulating material. These banks
define the shape of the light-emitting layer. Between the
anode and the light-emitting layer, intermediate layers are
provided as necessary, such as a hole-injection layer, hole
transporting layer, or hole injection and transporting layer. An
electron injection layer, electron transporting layer, or elec-
tron injection and transporting layer may also be provided
between the cathode and the light-emitting layer as necessary.
[0005] In a full-color organic EL display panel, such
organic EL elements are formed into sub-pixels whose color
is R, G, or B. Three adjacent RGB sub-pixels together con-
stitute one pixel.

[0006] In order to form the light-emitting layer or interme-
diate layers in each organic EL element, banks are formed on
the substrate to partition adjacent organic EL elements. Sub-
sequently, an inkjet or other wet method is generally used to
spray ink containing high-polymer material or low-molecular
material suitable for thin-film formation. With such a wet
method, it is relatively easy to form the intermediate layer or
light-emitting layer even in large panels.

[0007] Inan inkjet method (see Patent Literature 1), which
is representative of wet methods, inkjet heads are moved
across a substrate, on which ink is to be sprayed, in any
direction of the matrix of elements while a solution (herein-
after simply “ink”) is sprayed by ejecting drops of ink through
each nozzle into regions defined by the banks on the substrate.
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The ink contains organic material and solvent that are for
forming the intermediate layers, the light-emitting layer, etc.

[Citation List]
[Patent Literature]

[0008] Patent Literature 1: Japanese Patent Application
Publication No. 2003-241683

SUMMARY OF INVENTION

[Technical Problem)]

[0009] The film thickness of the intermediate layers that
improves luminous efficiency of each organic EL, element
depends on the wavelength of the luminescent color. For
example, in a top-emission organic EL element, it is prefer-
able that optical path lengths be set so that reflected light and
direct light strengthen each other. Reflected light refers to
light that is emitted from the light-emitting layer towards the
substrate and reflected by an electrode or the like near the
substrate before exiting through the light-emitting layer. Con-
versely, direct light is emitted directly upwards (in the direc-
tion opposite the substrate) from the light-emitting layer.
[0010] The wavelengths of red, green, and blue light differ,
causing the optimal optical path length (resonance condition)
inside each organic EL element to differ. Therefore, in order
to improve luminous efficiency, it is preferable to finely adjust
differences in film thickness of the intermediate layers in the
sub-pixel of each luminescent color to match the wavelength
of each color.

[0011] When the wet method is used to actually form the
intermediate layers, however, it is difficult to finely adjust the
film thickness of the intermediate layers for each color.
[0012] Specifically, the ink that includes material for the
intermediate layers is set to be the same for all colors, and the
amount of ink provided to each sub-pixel for forming the
intermediate layers is set to be constant. For example, when
spraying ink for the intermediate layers by the inkjet method,
the number of drops of ink ejected into the regions for form-
ing the organic EL element of each color is set to be the same,
and the volume of each drop of ink ejected from the nozzle is
set to be the same.

[0013] It is plausible to adjust the film thickness of the
intermediate layers by changing the number of drops of ink
dripped into the sub-pixel of each color when using the inkjet
method. Since the amount of ink provided to each sub-pixel
can only be varied by changing the number of drops of ink,
however, it is difficult with this approach to finely adjust the
film thickness of the intermediate layers in the sub-pixel of
each color.

[0014] Furthermore, since the appropriate film thickness of
the light-emitting layer for achieving, for example, a desired
luminance or chromaticity differs by color, there is a need to
finely adjust the difference in film thickness between light-
emitting layers of different colors. There is also a need to
finely adjust the difference in film thickness in order for the
optical path length to match the wavelength of the lumines-
cent color, as is the case with the intermediate layers.

[0015] As s clear from the above examples, there is a need
in organic EL display panels to finely adjust the difference in
film thickness between intermediate layers and light-emitting
layers formed by the wet method.

[0016] The present invention has been conceived in light of
the above problems, and it is an object thereof to make it easy
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to finely adjust differences in film thickness between inter-
mediate layers, light-emitting layers, etc. of differing lumi-
nescent colors in an organic EL display panel in which such
layers are formed by the wet method, thereby improving
luminous efficiency, luminescent color, etc.

[Solution to Problem]

[0017] Inorder to solve the above problems, an organic EL
display plan according to an aspect of the present invention
comprises: a TFT layer; an interlayer insulation film provided
above the TFT layer; a first electrode plate group formed in a
line on the interlayer insulation film and including a plurality
of first electrode plates corresponding to a first color; a second
electrode plate group formed in a line on the interlayer insu-
lation film adjacent to the first electrode plate group and
including a plurality of second electrode plates corresponding
to asecond color; a first bank along a longitudinal first edge of
the first electrode plate group; a second bank between a lon-
gitudinal second edge of the first electrode plate group and a
longitudinal first edge of the second electrode plate group; a
third bank along a longitudinal second edge of the second
electrode plate group; a first organic functional layer between
the first bank and the second bank and above the first electrode
plate group; a second organic functional layer between the
second bank and the third bank and above the second elec-
trode plate group; and a counter electrode disposed to cover
both the first organic functional layer and the second organic
functional layer, wherein the interlayer insulation film is pro-
vided with first contact holes, each connecting one of the first
electrode plates with the TFT layer, and second contact holes,
each connecting one of the second electrode plates with the
TFT layer, each of the first electrode plates has a first concav-
ity shaped in conformity with one of the first contact holes,
and each of the second electrode plates has a second concav-
ity shaped in conformity with one of the second contact holes,
at least one of (i) all the first contact holes and (ii) all the
second contact holes are shaped to become narrower in a
stepwise manner, any of the first contact holes has a larger
volume than any of the second contact holes, the volume of a
portion of the first organic functional layer above any of the
first electrode plates is equal to, or an approximation of, the
volume of a portion of the second organic functional layer
above any of the second electrode plates, and an amount of the
first organic functional layer that has entered into the first
concavity is larger than an amount of the second organic
functional layer that has entered into the second concavity, so
that a film thickness of the first organic functional layer in a
region other than the first concavity in any of the first elec-
trode plates is less than a film thickness of the second organic
functional layer in a region other than the second concavity in
any of the second electrode plates.

[0018] A display device according to an aspect of the
present invention comprises the above-described organic EL
display panel.

[0019] A method of manufacturing an organic EL display
panel according to an aspect of the present invention com-
prises the steps of: a first step of preparing a substrate; a
second step of forming a TFT layer on the substrate; a third
step of forming an interlayer insulation film on the TFT layer;
a fourth step of forming, on the interlayer insulation film, a
first electrode plate group including a plurality of first elec-
trode plates corresponding to a first color and arranged in a
line and a second electrode plate group including a plurality
of second electrode plates corresponding to a second color
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and arranged in a line; a fifth step of forming a first bank along
a longitudinal first edge of the first electrode plate group, a
second bank between a longitudinal second edge of the first
electrode plate group and a longitudinal first edge of the
second electrode plate group, and a third bank along a longi-
tudinal second edge of the second electrode plate group; a
sixth step of forming a continuous first organic functional
layer between the first bank and the second bank and above
the first electrode plate group; a seventh step of forming a
continuous second organic functional layer between the sec-
ond bank and the third bank and above the second electrode
plate group; and an eighth step of forming a counter electrode
to cover both the first organic functional layer and the second
organic functional layer, wherein in the third step, the inter-
layer insulation film is provided with first contact holes, each
connecting one ofthe first electrode plates with the TFT layer,
and second contact holes, each connecting one of the second
electrode plates with the TFT layer, at least one of (i) all the
first contact holes and (ii) all the second contact holes being
shaped to become narrower in a stepwise manner, and any of
the first contact holes having a larger volume than any of the
second contact holes, in the fourth step, each of the first
electrode plates is formed to have a first concavity shaped in
conformity with one of the first contact holes, and each of the
second electrode plates is formed to have a second concavity
shaped in conformity with one of the second contact holes,
and in the first organic functional layer formed in the sixth
step and the second organic functional layer formed in the
seventh step, the volume of a portion of the first organic
functional layer above any of the first electrode plates is equal
to, or an approximation of, the volume of a portion of the
second organic functional layer above any of the second
electrode plates, and an amount of the first organic functional
layer that has entered into the first concavity is larger than an
amount of the second organic functional layer that has entered
into the second concavity, so that a film thickness of the first
organic functional layer in a region other than the first con-
cavity in any of the first electrode plates is less than a film
thickness of the second organic functional layer in a region
other than the second concavity in any of the second electrode
plates.

[Advantageous Effects of Invention]

[0020] In an organic EL display panel according to an
aspect of the present invention, the volume of each first con-
tact hole with respect to the volume of each second contact
hole is easily increased by forming at least one of (i) all of the
first contact holes and (ii) all of the second contact holes to
become narrower in a stepwise manner.

[0021] Accordingly, the volume of the first concavity
increases with respect to the volume of the second concavity.
During formation of an organic functional layer by the wet
method, if for example a first organic functional layer and a
second organic functional layer formed above electrode
plates have the same volume, then an amount of the first
organic functional layer that enters into the first concavity is
made larger than an amount of the second organic functional
layer that enters into the second concavity. As a result, if for
example organic functional layers having the same volume
are respectively formed above first electrode plates corre-
sponding to a first color and second electrode plates corre-
sponding to a second color, the film thickness of the first
organic functional layer corresponding to a region other than
the first concavity (for example, a level region) in the first
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electrode plates is made less than the film thickness of the
second organic functional layer corresponding to a region
other than the second concavity in the second electrode plates
(hereinafter, the former film thickness is simply referred to as
the “film thickness of the first organic functional layer”, and
the latter film thickness as the “film thickness of the second
organic functional layer”).

[0022] The difference between the volume of the first con-
cavity and the volume of the second concavity can be adjusted
in smaller increments than the volume of one drop of ink
sprayed from a nozzle by the inkjet method. Therefore, finely
adjusting the difference between the volume of the first con-
cavity and the volume of the second concavity makes it easy
to finely adjust the difference between the film thickness of
the first organic functional layer and the film thickness of the
second organic functional layer.

[0023] This facilitates finely adjusting the difference in film
thickness between organic functional layers corresponding to
different colors. As a result, it is possible, for example, to
appropriately adjust the resonance conditions of light in the
organic EL element of each color, making it easy to achieve a
display panel with excellent luminous efficiency.

[0024] Note that, in order to appropriately adjust the reso-
nance conditions of light in the organic EL element of each
color, it is not necessary to adjust the optical path length
exclusively by varying the organic functional layer. The film
thickness of other layers (such as a transparent electrode
layer) may also be adjusted by color.

[0025] With the method of manufacturing an organic EL
display panel according to an aspect of the present invention,
the above organic EL display panel can be manufactured.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1 is a cross-section diagram schematically
showing the structure of an organic EL display panel 100
according to the Embodiment.

[0027] FIG.2isaperspective view showing the structure of
the display panel 100.

[0028] FIG. 3A is a plan view showing the structure of the
display panel 100, FIG. 3B is a cross-section diagram from A
to A'in FIG. 3A, and FIG. 3C is a cross-section diagram from
Bto B'in FIG. 3A.

[0029] FIGS. 4A-4G are an illustration of a method of
manufacturing the display panel 100.

[0030] FIGS. 5A and 5B are diagrams illustrating a forma-
tion process of an interlayer insulation film in the display
panel 100.

[0031] FIG. 6 is a schematic cross-section diagram show-
ing conditions immediately after spraying ink for forming an
intermediate layer on a substrate and after drying the ink.
[0032] FIGS. 7A-7C are schematic diagrams illustrating
the relationship between the volume of a concavity 15 and the
film thickness of a hole transporting layer 9. FIGS. 8A-8C
illustrate the size of an upper opening of a contact hole 13.
[0033] FIG. 9 is a schematic diagram illustrating the pro-
gression of light in an organic EL element 20.

[0034] FIG. 10 is a schematic diagram showing a shape of
a contact hole 134 according to Modification 1.

[0035] FIG.11isadiagram showing the overall structure of
a display device 200 according to the Embodiment.
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[0036] FIG. 12 is an appearance profile of an example of a
television system that includes the display device 200.

DESCRIPTION OF EMBODIMENTS

<Aspects of the Invention>

[0037] An organic EL display panel according to an aspect
of the present invention comprises: a TFT layer: an interlayer
insulation film provided above the TFT layer; a first electrode
plate group formed in a line on the interlayer insulation film
and including a plurality of first electrode plates correspond-
ing to a first color; a second electrode plate group formed ina
line on the interlayer insulation film adjacent to the first
electrode plate group and including a plurality of second
electrode plates corresponding to a second color; a first bank
along a longitudinal first edge of the first electrode plate
group; a second bank between a longitudinal second edge of
the first electrode plate group and a longitudinal first edge of
the second electrode plate group; a third bank along a longi-
tudinal second edge of the second electrode plate group; a first
organic functional layer between the first bank and the second
bank and above the first electrode plate group; a second
organic functional layer between the second bank and the
third bank and above the second electrode plate group; and a
counter electrode disposed to cover both the first organic
functional layer and the second organic functional layer,
wherein the interlayer insulation film is provided with first
contact holes, each connecting one of the first electrode plates
with the TFT layer, and second contact holes, each connect-
ing one of the second electrode plates with the TFT layer, each
of the first electrode plates has a first concavity shaped in
conformity with one of the first contact holes, and each of the
second electrode plates has a second concavity shaped in
conformity with one of the second contact holes, at least one
of (1) all the first contact holes and (i1) all the second contact
holes are shaped to become narrower in a stepwise manner,
any of the first contact holes has a larger volume than any of
the second contact holes, the volume of a portion of the first
organic functional layer above any of the first electrode plates
is equal to, or an approximation of; the volume of a portion of
the second organic functional layer above any of the second
electrode plates, and an amount of the first organic functional
layer that has entered into the first concavity is larger than an
amount of the second organic functional layer that has entered
into the second concavity, so that a film thickness of the first
organic functional layer in a region other than the first con-
cavity in any of the first electrode plates is less than a film
thickness of the second organic functional layer in a region
other than the second concavity in any of the second electrode
plates.

[0038] In an organic EL display panel according to an
aspect of the present invention, the volume of each first con-
tact hole with respect to the volume of each second contact
hole is easily increased by forming at least one of (i) all of the
first contact holes and (ii) all of the second contact holes to
become narrower in a stepwise manner.

[0039] Accordingly, the volume of the first concavity
increases with respect to the volume of the second concavity.
During formation of an organic functional layer by the wet
method, if for example a first organic functional layer and a
second organic functional layer formed above electrode
plates have the same volume, then an amount of the first
organic functional layer that enters into the first concavity is
made larger than an amount of the second organic functional
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layer that enters into the second concavity. As a result, if for
example organic functional layers having the same volume
are respectively formed above first electrode plates corre-
sponding to a first color and second electrode plates corre-
sponding to a second color, the film thickness of the first
organic functional layer corresponding to a region other than
the first concavity (for example, a level region) in the first
electrode plates is made less than the film thickness of the
second organic functional layer corresponding to a region
other than the second concavity in the second electrode plates
(hereinafter, the former film thickness is simply referred to as
the “film thickness of the first organic functional layer”, and
the latter film thickness as the “film thickness of the second
organic functional layer”).

[0040] The difference between the volume of the first con-
cavity and the volume of the second concavity can be adjusted
in smaller increments than the volume of one drop of ink
sprayed from a nozzle by the inkjet method. Therefore, finely
adjusting the difference between the volume of the first con-
cavity and the volume of the second concavity makes it easy
to finely adjust the difference between the film thickness of
the first organic functional layer and the film thickness of the
second organic functional layer.

[0041] This facilitates finely adjusting the difference in film
thickness between organic functional layers corresponding to
different colors. As a result, it is possible, for example, to
appropriately adjust the resonance conditions of light in the
organic EL element of each color, making it easy to achieve a
display panel with excellent luminous efficiency.

[0042] Note that, in order to appropriately adjust the reso-
nance conditions of light in the organic EL element of each
color, it is not necessary to adjust the optical path length
exclusively by varying the organic functional layer. The film
thickness of other layers (such as a transparent electrode
layer) may also be adjusted by color.

[0043] In this context, appropriate adjustment of the reso-
nance conditions of light in the organic EL elements refers,
for example, to the following. If an organic EL display panel
is manufactured under the same conditions as the organic EL
display panel in the present aspect (dimensions of organic EL
elements, amount of sprayed ink, etc.), except with the same
volume for the first and second contact holes, the luminous
efficiency of the organic EL elements of both the first color
and the second color cannot be improved simultaneously. The
luminous efficiency ofthe organic EL elements of both colors
can, however, be improved by varying the volume of the first
and second contact holes.

[0044] The following examples show how the organic EL,
elements of both the first color and the second color cannot be
improved simultaneously when the first and second contact
holes have the same volume. If the volume of the first contact
hole in the organic EL display panel of the present aspect is
decreased to match the volume of the second contact hole, the
luminous efficiency of the organic EL element of the first
color decreases. Conversely, if the volume of the second
contact hole is increased to match the volume of the first
contact hole, the luminous efficiency of the organic EL ele-
ment of the second color decreases.

[0045] The same can be said when appropriately adjusting
the luminescent color of the organic EL elements of each
color. Note that each luminescent color is appropriately
adjusted by, for example, improving the color purity of the
luminescent color.
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[0046] Theabove “volume of the first contact hole” may be
substituted by the “volume of the first concavity”, and the
above “volume of the second contact hole” may be substi-
tuted by the “volume of the second concavity”.

[0047] The contact holes that become narrower in a step-
wise manner may, for example, be formed by exposing, with
a half-tone mask, and then developing the interlayer insula-
tion film in which the contact holes are to be formed. The
number of steps, the width of each step, and the depth of the
contact holes that become narrower ina stepwise manner may
be freely set. The step may be formed in only part of the iner
periphery of the contact hole or along the entire inner periph-
ery.

[0048] Note that even if layers other than the organic func-
tional layer (such as a pixel defining layer) are formed on the
electrode plates, the difference in film thickness between
organic functional layers can be finely adjusted if the other
layers enter into and adopt the shape of the concavity.
[0049] Inthis context, stating that “the volume of a portion
of the first organic functional layer above any of the first
electrode plates is equal to, or an approximation of, the vol-
ume of a portion of the second organic functional layer above
any of the second electrode plates” refers to the volume of the
first organic functional layer and the volume of the second
organic functional layer being substantially equal (within
tolerance range). Numerically speaking, the difference in vol-
ume between the first and second organic functional layers is
within a range of 10%, inclusive, of the volume of the first
organic functional layer.

[0050] In the present aspect, the difference between the
volume of the first concavity and the volume of the second
concavity may be larger than the volume of a drop of ink (for
example, 1.5 times the volume of the drop).

[0051] Note that itis preferable that the difference between
the volume of the first organic functional layer and the volume
of the second organic functional layer be less than the volume
of the first organic functional layer that accumulates in the
first concavity minus the volume of the second organic func-
tional layer that accumulates in the second concavity.

[0052] Inthis context, “a region other than the first concav-
ity in any of the first electrode plates” refers, for example, to
level regions in the first electrode plates, in plan view, exclud-
ing the region where the first concavity is formed (which may
include a region surrounding the first concavity). Specifically,
this region may, for example, be located in the light-emitting
region in plan view. The same is true for the region above any
of the second electrode plates.

[0053] Inthe present aspect, “above” refers to being farther
away from the TFT layer in the direction of lamination of the
organic functional layer and other layers.

[0054] Note that even if layers other than the organic func-
tional layer (such as a pixel defining layer) are formed on the
electrode plates, the difference in film thickness between
organic functional layers can be finely adjusted if the other
layers enter into and adopt the shape of the concavity.
[0055] In the organic EL display panel according to the
above aspect of the present invention, a size of an upper
opening of each of the first contact holes may be equal to, or
an approximation of, a size of an upper opening of each of the
second contact holes.

[0056] With the above structure, even if the size of the
upper opening of the first contact hole and the size of the
upper opening of the second contact hole are equal, or an
approximation of each other, the volume of the first contact
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hole is made larger than the volume of the second contact hole
by forming a step in at least one of the first contact hole and
the second contact hole. Specifically, a step is provided in the
inside of the second contact hole, for example, and the vol-
ume of the portion below the step surface is reduced so that
the volume of the second contact hole is less than the volume
of'the first contact hole. As a result, the difference between the
film thickness of the first organic functional layer and the film
thickness of the second organic functional layer is finely
adjusted.

[0057] Furthermore, by making the size of the upper open-
ing of the first and second contact holes substantially equal,
the area of the opening of the first and second concavities
becomes substantially equal. This allows the sprayed ink to
enter into the concavities with roughly equal ease.

[0058] Note that the size of the upper opening may be
considered to be the area of the opening of the contact hole at
the upper surface of the interlayer insulation film, or the area
of the opening of the contact hole in a cross-section of an
upper part of the contact hole, cut perpendicular to the direc-
tion of lamination of the organic functional layer and other
layers. The upper part of the contact hole refers, for example,
to any position between the highest part of the periphery of
the contact hole and a position 15% lower than the highest
part in terms of the depth of the contact hole.

[0059] Equal to, or an approximation of refers to the size of
the upper opening of the first contact hole and the size of the
upper opening of the second contact hole being substantially
equal (within tolerance range). Numerically speaking, this
means that the difference between the size of the upper open-
ing of the first contact hole and the size of the upper opening
ofthe second contact holeis within 10%, inclusive, of the size
of the upper opening of the first contact hole.

[0060] In the organic EL display panel according to the
above aspect of the present invention, the size of the upper
opening of any contact hole may be the areaof a circle defined
by a diameter of the contact hole at a position 10%, or an
approximation of 10%, lower than a height of a highest posi-
tion of the interlayer insulation film along a periphery of the
contact hole.

[0061] With the above structure, the contact hole is a circle
in plan view, with the size of the upper opening being defined
by a diameter of the contact hole at a position 10%, or an
approximation of 10%, lower than a highest position of the
periphery of the contact hole. Accordingly, if the shape or the
height of the contact hole is irregular at or near the highest
position ofthe periphery of the contact hole, the effect of such
irregularity is reduced. Note that an approximation of 10%
refers to being, for example, in a range between 9% and 11%.

[0062] Theorganic EL display panel according to the above
aspect of the present invention may further comprise: a first
pixel defining layer covering the first concavity, the first
organic functional layer being formed above the first pixel
defining layer; and a second pixel defining layer covering the
second concavity, the second organic functional layer being
formed above the second pixel defining layer.

[0063] With the above structure, a pixel defining layer that
has insulating properties covers the concavity, thereby elec-
trically insulating the concavity and the organic functional
layer. This prevents a local concentration of current from
causing the light-emitting layer to emit light at a different
luminance by, for example, the rim of the concavity than in a
region near the concavity.
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[0064] The first pixel defining layer and second pixel defin-
ing layer are formed, for example, from an oxide (including a
nitride) such as a film of silicon dioxide (Si0,), silicon nitride
(SiN), silicon oxynitride (SiON), etc. The first organic func-
tional layer and the second organic functional layer have high
wettability with respect to the oxide, such as a SiO film or a
SiN film. When ink including material for the organic func-
tional layers is sprayed directly on the pixel defining layers,
the first and second organic functional layers easily enter the
first and second concavities respectively.

[0065] This is even more advantageous for finely adjusting
the difference in film thickness between organic functional
layers corresponding to different colors.

[0066] In the organic EL display panel according to the
above aspect of the present invention, the first organic func-
tional layer may be continuous above the first electrode plate
group due to ink drops of a predetermined volume being
sprayed via an inkjet method, the second organic functional
layer may be continuous above the second electrode plate
group due to ink drops of the predetermined volume, or an
approximation of the predetermined volume, being sprayed
via the inkjet method, and the volume of the portion of the first
organic functional layer above any of the first electrode plates
may be equal to, or an approximation of, the volume of the
portion of the second organic functional layer above any of
the second electrode plates.

[0067] With the above structure, when the organic func-
tional layers are formed, the volume of ink drops sprayed by
the inkjet method are substantially equal (for example, the
difference in volumes being within a tolerance range of 10%)
when forming both the first and the second organic functional
layers. Furthermore, the volume of the first organic functional
layer and the volume of the second organic functional layer
are equal, or an approximation of each other (for example, the
difference in volumes being within a tolerance range of 10%),
and the number of drops sprayed in a region above each
electrode plate is the same.

[0068] As described above, since the volume of each first
contact hole is larger than the volume of each second contact
hole, the film thickness of the first organic functional layer in
a region other than the first concavity in any of the first
electrode plates is less than the film thickness of the second
organic functional layer in a region other than the second
concavity in any of the second electrode plates.

[0069] With the above structure, therefore, the same spray-
ing conditions are maintained when using the inkjet method,
which simplifies both manufacturing equipment and the
manufacturing process. Furthermore, since the volume of the
first contact hole is larger than the volume of the second
contact hole, the film thickness of the first organic functional
layer is less than the film thickness of the second organic
functional layer. In other words, the difference in film thick-
ness between organic functional layers corresponding to dif-
ferent colors is finely adjusted.

[0070] Conventionally, when forming an organic func-
tional layer of an organic EL light-emitting element by the
inkjet method, the number of shots of the inkjet apparatus (for
example, the number of ink drops per sub-pixel) is adjusted
for eachcolor, R, G, and B, to adjust the film thickness of each
organic functional layer. As a result, it is difficult to finely
adjust the film thickness. For example, if 10 drops of organic
ink for forming the organic functional layer are dripped into a
region corresponding to an electrode plate of a first color, the
film thickness increases by 1.1 times (approximately 10%) if
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the number of shots is changed to 11 drops. In other words,
film thickness cannot be varied by less than 10% with such an
inkjet apparatus. Accordingly, the difference in film thickness
between organic functional layers corresponding to different
colors cannot be finely adjusted.

[0071] Whenthe organic functional layer is an intermediate
layer, the same material is used in each color, R, G, and B. In
this case, to adjust the difference in film thickness between
organic functional layers corresponding to different colors, it
becomes necessary to control the number of shots from R, G
and B nozzles in the inkjet apparatus, thus complicating the
apparatus.

[0072] By contrast, with the above structure the volume of
the first organic functional layer and the volume of the second
organic functional layer are substantially equal. The differ-
ence in volume between contact holes can be set, for example,
to 1.5 times the amount of an ink drop, so as to finely adjust
the film thickness between organic functional layers even
when the number of shots is the same for each color. In other
words, with the above structure, the film thickness corre-
sponding to each luminescent color, R, G, and B, can be finely
adjusted at will, even when the inkjet apparatus sprays the
same amount of ink when forming the organic functional
layer for each color.

[0073] Moreover, the inkjet apparatus sprays ink corre-
sponding to each luminescent color from all of the nozzles
under the same spraying conditions. This renders it unneces-
sary to control the nozzles corresponding to each luminescent
color in the inkjet apparatus, thereby simplifying control of
the apparatus.

[0074] As a result, the film thickness of the organic func-
tional layers is finely adjusted by adjusting the volume of the
concavities, while maintaining the volume of a portion of the
first organic functional layer above any of the first electrode
plates equal to, or an approximation of, the volume of a
portion of the second organic functional layer above any of
the second electrode plates.

[0075] In the organic EL display panel according to the
above aspect of the present invention, a difference between
the film thickness of the first organic functional layer and the
film thickness of the second organic functional layer may be
larger than an additional film thickness of the first organic
functional layer when a number of ink drops of the predeter-
mined volume sprayed on each of the first electrode plates via
the inkjet method is increased by n drops, and smaller than an
additional film thickness of the first organic functional layer
when the number of ink drops is increased by n+1 drops.
[0076] Withthe above structure, the difference between the
film thickness of the first organic functional layer in a region
other than the first concavity inany of the first electrode plates
and the film thickness of the second organic functional layer
in a region other than the second concavity in any of the
second electrode plates is finely adjusted in increments that
are smaller than the film thickness of a layer formed by one
ink drop, the smallest unit for spraying by the nozzles of the
inkjet apparatus (for example, in increments of one half of an
ink drop). Note that n is an integer greater than or equal to zero
(n20).

[0077] The additional film thickness of the first organic
functional layer when the number of ink drops is increased by
n drops may be the increase in the film thickness of the first
organic functional layer due to n ink drops. Similarly, the
additional film thickness of the first organic functional layer
when the number of ink drops is increased by n+1 drops may
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be the increase in the film thickness of the first organic func-
tional layer due to n+1 ink drops.

[0078] In the organic EL display panel according to the
above aspect of the present invention, the first color may be
blue.

[0079] Organic EL light-emitting elements may adopt a
cavity structure, in which for example the optical path length
of reflected light, which is emitted at the side of the counter
electrode after being reflected at the side of the electrode
plate, is matched to the wavelength of each color of light, so
that the reflected light interferes with and strengthens direct
light emitted from the light-emitting layer at the side of the
counter electrode. When the organic functional layer forms
part of this cavity structure, it is preferable for the film thick-
ness of the blue organic functional layer to be made thin. This
is because, among the wavelengths of red (R), green (G), and
blue (B) light, the wavelength of blue light is the shortest,
making it preferable for the corresponding optical path length
to be the shortest.

[0080] With the above structure, the first color is blue.
Therefore, the film thickness of the blue organic functional
layer is made less than the organic functional layers of other
luminescent colors. This yields, for example, organic EL
light-emitting elements of various colors with excellent light
takeoff efficiency (light takeoff efficiency referring to the
ratio of the number of photons exiting the organic EL light-
emitting element to the number of photons produced within
the organic EL light-emitting element).

[0081] Theorganic EL display panel according to theabove
aspect of the present invention may further comprise a third
electrode plate group adjacent to the second electrode plate
group and including a plurality of third electrode plates cor-
responding to a third color and arranged in a line; a fourth
bank along a longitudinal edge of the third electrode plate
group opposite the second electrode plate group; and a third
organic functional layer between the third bank and the fourth
bank and above the third electrode plate group; wherein the
counter electrode is provided above the third organic func-
tional layer, the interlayer insulation film is provided with
third contact holes, each connecting one of the third electrode
plates with the TFT layer, each of the third electrode plates
has a third concavity shaped in conformity with one of the
third contact holes, the third contact holes are shaped to
become narrower in a stepwise manner, any of the first contact
holes has a larger volume than any of the third contact holes,
the volume of a portion of the first organic functional layer
above any of the first electrode plates is equal to, or an
approximation of, the volume of a portion of the third organic
functional layer above any of the third electrode plates, and an
amount of the first organic functional layer that has entered
into the first concavity is larger than an amount of the third
organic functional layer that has entered into the third con-
cavity, so that a film thickness of the first organic functional
layer in a region other than the first concavity in any of the first
electrode plates is less than a film thickness of the third
organic functional layer in a region other than the third con-
cavity in any of the third electrode plates.

[0082] With the above structure, an organic EL light-emit-
ting element corresponding to the third electrode plate group
is provided in addition to the organic EL light-emitting ele-
ments corresponding to the first and second electrode plate
groups. This achieves an organic EL display panel that dis-
plays images in three luminescent colors. Setting the three
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colors to be red, green, and blue (RGB) yields an extremely
versatile organic EL display panel.

[0083] With the above structure, setting the volume of the
third contact hole to be different from the volume of the
second contact hole allows for the volume of the contact hole
to be different for each color, R, G, and B. In the sub-pixel of
each color,

[0084] R, G, and B, the above cavity structure is normally
adopted in order to improve light takeoff efficiency. In this
case, it is preferable to finely adjust the difference in film
thickness between organic functional layers to yield an opti-
cal path length that optimally matches the wavelength of each
color, R, G, and B.

[0085] The above structure allows for the volume of the
contact holes to be finely adjusted easily by determining
conditions such as exposure, washing, curing, etc. when
forming the contact holes. This makes it possible to finely
adjust the difference in film thickness between functional
organic layers.

[0086] Therefore, when the organic functional layers are
formed by the inkjet method, the difference in film thickness
between the organic functional layers that appropriately
adjusts the cavity in each sub-pixel is finely adjusted by
changing the volume of the contact holes formed for each
color, R, G, and B.

[0087] Inparticular, the volume of the contact holes can be
made smaller in order from B to G to R (B>G>R) in order to
appropriately adjust the cavity corresponding to the emission
wavelength of each color. R, G, and B. By doing so, the film
thickness of the organic functional layers can be made to
increase from B to G to R (B<G<R). Note that since layers
other than the organic functional layer are included in the
cavity, the film thickness of the organic functional layer cor-
responding to each color, R, G, and B, may be varied via the
film thickness of such other layers.

[0088] In the organic EL display panel according to the
above aspect of the present invention, a size of an upper
opening of each of the first contact holes, a size of an upper
opening of each of the second contact holes, and a size of an
upper opening of each of the third contact holes may be equal
to, or an approximation of, each other.

[0089] With the above structure, even when the size of the
upper opening of the contact holes for each color is substan-
tially equal, the film thickness of the organic functional layers
1s finely adjusted via the shape of the contact holes.

[0090] In the organic EL display panel according to the
above aspect of the present invention, the size of the upper
opening of any contact hole may be the areaof a circle defined
by a diameter of the contact hole at a position 10% lower than
a height of a highest position of the interlayer insulation film
along a periphery of the contact hole.

[0091] In the organic EL display panel according to the
above aspect of the present invention, the first organic func-
tional layer and the second organic functional layer may both
be one of a charge injection layer and a charge transport layer,
a first organic light-emitting layer may be formed between the
first organic functional layer and the counter electrode, and a
second organic light-emitting layer may be formed between
the second organic functional layer and the counter electrode.
[0092] In the organic EL display panel according to the
above aspect of the present invention, the first organic func-
tional layer, the second organic functional layer, and the third
organic functional layer may all be one of a charge injection
layer and a charge transport layer, a first organic light-emit-
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ting layer may be formed between the first organic functional
layer and the counter electrode, a second organic light-emit-
ting layer may be formed between the second organic func-
tional layer and the counter electrode, and a third organic
light-emitting layer may be formed between the third organic
functional layer and the counter electrode.

[0093] In the organic EL display panel according to the
above aspect of the present invention, the first organic func-
tional layer and the second organic functional layer may each
be an organic light-emitting layer.

[0094] With the above structure, the difference in film
thickness between organic light-emitting layers correspond-
ing to the various colors is finely adjusted by making the
volume of the first contact hole larger than the volume of the
second contact hole. This results in more appropriate chro-
maticity, luminance, etc. for the organic light-emitting layers.
Alternatively, the light takeoff efficiency may be improved.
[0095] In the organic EL display panel according to the
above aspect of the present invention, the first organic func-
tional layer, the second organic functional layer, and the third
organic functional layer may each be an organic light-emit-
ting layer.

[0096] In the organic EL display panel according to the
above aspect of the present invention, the electrode plates
may be anodes, and the counter electrode may be a cathode.
[0097] In the organic EL display panel according to the
above aspect of the present invention, the electrode plates
may be cathodes, and the counter electrode may bean anode.
[0098] A display device according to an aspect of the
present invention comprises any of the above organic EL
display panels.

[0099] The above structure achieves a display device pro-
vided with any of the above organic EL display panels.
[0100] A method of manufacturing an organic EL display
panel according to an aspect of the present invention com-
prises the steps of: a first step of preparing a substrate; a
second step of forming a TFT layer on the substrate; a third
step of forming an interlayer insulation film on the TFT layer;
a fourth step of forming, on the interlayer insulation film, a
first electrode plate group including a plurality of first elec-
trode plates corresponding to a first color and arranged in a
line and a second electrode plate group including a plurality
of second electrode plates corresponding to a second color
and arranged in a line; a fifth step of forming a first bank along
a longitudinal first edge of the first electrode plate group, a
second bank between a longitudinal second edge of the first
electrode plate group and a longitudinal first edge of the
second electrode plate group, and a third bank along a longi-
tudinal second edge of the second electrode plate group; a
sixth step of forming a continuous first organic functional
layer between the first bank and the second bank and above
the first electrode plate group; a seventh step of forming a
continuous second organic functional layer between the sec-
ond bank and the third bank and above the second electrode
plate group; and an eighth step of forming a counter electrode
to cover both the first organic functional layer and the second
organic functional layer, wherein in the third step, the inter-
layer insulation film is provided with first contact holes, each
connecting one ofthe first electrode plates with the TF T layer,
and second contact holes, each connecting one of the second
electrode plates with the TFT layer, at least one of (i) all the
first contact holes and (ii) all the second contact holes being
shaped to become narrower in a stepwise manner, and any of
the first contact holes having a larger volume than any of the
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second contact holes, in the fourth step, each of the first
electrode plates is formed to have a first concavity shaped in
conformity with one of the first contact holes, and each of the
second electrode plates is formed to have a second concavity
shaped in conformity with one of the second contact holes,
and in the first organic functional layer formed in the sixth
step and the second organic functional layer formed in the
seventh step, the volume of a portion of the first organic
functional layer above any of the first electrode plates is equal
to, or an approximation of, the volume of a portion of the
second organic functional layer above any of the second
electrode plates, and an amount of the first organic functional
layer that has entered into the first concavity is larger than an
amount of the second organic functional layer that has entered
into the second concavity, so that a film thickness of the first
organic functional layer in a region other than the first con-
cavity in any of the first electrode plates is less than a film
thickness of the second organic functional layer in a region
other than the second concavity in any of the second electrode
plates.

[0101] The above structure allows for manufacturing of an
organic EL display panel according to the above aspect of the
present invention. Accordingly, by finely adjusting the differ-
ence in the volume of the first contact hole and the second
contact hole, for example, the difference between the film
thickness of the first organic functional layer and the film
thickness of the second organic functional layer is finely
adjusted. As a result, it is possible, for example, to appropri-
ately adjust the resonance conditions of light in the organic
EL element of each color, making it easy to achieve a display
panel with excellent luminous efficiency.

[0102] In the method of manufacturing an organic EL dis-
play panel according to the above aspect of the present inven-
tion, a size of an upper opening of each of the first contact
holes may be formed equal to, or an approximation of, a size
of an upper opening of each of the second contact holes.

[0103] The above structure allows for manufacturing of an
organic EL display panel according to the above aspect of the
present invention. Accordingly, even if for example the size of
the upper opening of the first contact hole and the size of the
upper opening of the second contact hole are equal, or an
approximation of each other, the volume of the first contact
hole is made larger than the volume of'the second contact hole
by forming a step in at least one of the first contact hole and
the second contacthole so that the contact holes have different
shapes.

[0104] This facilitates finely adjusting the difference in film
thickness between organic functional layers corresponding to
different colors. As a result, it is possible, for example,
achieve a display panel with excellent luminous efficiency.

[0105] Furthermore, by making the size of the upper open-
ing of the first and second contact holes substantially equal,
the area of the opening of the first and second concavities
becomes substantially equal. This allows the ink, which
includes material for the organic functional layer, to enter into
the concavities with roughly equal ease.

[0106] Themethod of manufacturing an organic EL display
panel according to the above aspect of the present invention
may further comprise, between the fourth step and the fifth
step, an additional step of: forming a first pixel defining layer
to cover the first concavity, and a second pixel defining layer
to cover the second concavity, wherein in the sixth step, the
first organic functional layer is formed above the first pixel
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defining layer, and in the seventh step, the second organic
functional layer is formed above the second pixel defining
layer.

[0107] With the above structure, a pixel defining layer that
has insulating properties covers the concavity, thereby elec-
trically insulating the concavity and the organic functional
layer. This prevents a local concentration of current from
causing the light-emitting layer to emit light at a different
luminance by, for example, the rim of the concavity than ina
region near the concavity.

[0108] The first pixel defining layer and second pixel defin-
ing layer are formed, for example, from an oxide (including a
nitride) such as a SiO, film, a SiN film, etc. When ink includ-
ing material for the organic functional layers is sprayed
directly on the pixel defining layers, the first and second
organic functional layers easily enter the first and second
concavities respectively.

[0109] In the method of manufacturing an organic EL dis-
play panel according to the above aspect of the present inven-
tion, in the sixth step, the first organic functional layer may be
formed to be continuous above the first electrode plate group
due to ink drops of a predetermined volume being sprayed via
an inkjet method, and in the seventh step, the second organic
functional layer may be formed to be continuous above the
second electrode plate group due to ink drops of the prede-
termined volume, or an approximation of the predetermined
volume, being sprayed via the inkjet method.

[0110] With the above structure, the same spraying condi-
tions for each color are maintained when using the inkjet
method, which simplifies both manufacturing equipment and
the manufacturing process. Furthermore, since the volume of
the first contact hole is larger than the volume of the second
contact hole, the film thickness of the first organic functional
layer is less than the film thickness of the second organic
functional layer. In other words, the difference in film thick-
ness between organic functional layers corresponding to dif-
ferent colors is finely adjusted.

[0111] In the method of manufacturing an organic EL dis-
play panel according to the above aspect of the present inven-
tion, a difference between the film thickness of the first
organic functional layer and the film thickness of the second
organic functional layer may be larger than an increase in the
film thickness of the first organic functional layer when a
number of ink drops of the predetermined volume sprayed on
each of the first electrode plates via the inkjet method is
increased by n drops, and smaller than the increase in the film
thickness of the first organic functional layer when the num-
ber of ink drops is increased by n+1 drops.

[0112] With the above structure, the difference between the
film thickness of the first organic functional layer and the film
thickness of the second organic functional layer is finely
adjusted in increments that are smaller than the film thickness
of a layer formed by one ink drop, the smallest unit for
spraying by the nozzles of the inkjet apparatus. Note that the
film thickness of the first organic functional layer refers to the
film thickness of a portion of the first organic functional layer
corresponding to a region other than the first concavity in any
of the first electrode plates. The same is true for the film
thickness of the second organic functional layer.

[0113] In the method of manufacturing an organic EL dis-
play panel according to the above aspect of the present inven-
tion, the first organic functional layer and the second organic
functional layer may both be one of a charge injection layer
and a charge transport layer, a first organic light-emitting
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layer may be formed between the first organic functional
layer and the counter electrode, and a second organic light-
emitting layer may be formed between the second organic
functional layer and the counter electrode.

[0114] In the method of manufacturing an organic EL dis-
play panel according to the above aspect of the present inven-
tion, the first organic functional layer and the second organic
functional layer may each be an organic light-emitting layer.

[0115] A method of manufacturing an organic EL display
panel according to an aspect of the present invention com-
prises the steps of: a first step of preparing a substrate; a
second step of forming a TFT layer on the substrate; a third
step of forming an interlayer insulation film on the TFT layer;
a fourth step of forming, on the interlayer insulation film, a
first electrode plate group including a plurality of first elec-
trode plates corresponding to a first color and arranged in a
line, a second electrode plate group including a plurality of
second electrode plates corresponding to a second color and
arranged in a line, and a third electrode plate group including
a plurality of third electrode plates corresponding to a third
color and arranged in a line; a fifth step of forming a first bank
along a longitudinal first edge of the first electrode plate
group, a second bank between a longitudinal second edge of
the first electrode plate group and a longitudinal first edge of
the second electrode plate group, a third bank between a
longitudinal second edge of the second electrode plate group
and a longitudinal first edge of the third electrode plate group,
and a fourth bank along a longitudinal second edge of the
third electrode plate group; a sixth step of forming a continu-
ous first organic functional layer between the first bank and
the second bank and above the first electrode plate group; a
seventh step of forming a continuous second organic func-
tional layer between the second bank and the third bank and
above the second electrode plate group; an eighth step of
forming a continuous third organic functional layer between
the third bank and the fourth bank and above the third elec-
trode plate group; and a ninth step of forming a counter
electrode disposed to cover the first organic functional layer,
the second organic functional layer, and the third organic
functional layer, wherein in the third step, the interlayer insu-
lation film is provided with first contact holes, each connect-
ing one of the first electrode plates with the TFT layer, second
contact holes, each connecting one of the second electrode
plates with the TFT layer, and third contact holes, each con-
necting one of the third electrode plates with the TFT layer, at
least two of (1) all the first contact holes, (i1) all the second
contact holes, and (iii) all the third contact holes being shaped
to become narrower in a stepwise manner, and any of the first
contact holes having a larger volume than any of the second
contact holes and any of the third contact holes, in the fourth
step, each of'the first electrode plates is formed to have a first
concavity shaped in conformity with one of the first contact
holes, each of the second electrode plates is formed to have a
second concavity shaped in conformity with one of the sec-
ond contact holes, and each of the third electrode plates is
formed to have a third concavity shaped in conformity with
one of the third contact holes, and in the first organic func-
tional layer formed in the sixth step, the second organic func-
tional layer formed in the seventh step, and the third organic
functional layer formed in the eighth step, the volume of a
portion of the first organic functional layer above any of the
first electrode plates is equal to, or an approximation of, the
volume of a portion of the second organic functional layer
above any of the second electrode plates and the volume of a
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portion of the third organic functional layer above any of the
third electrode plates, and an amount of the first organic
functional layer that has entered into the first concavity is
larger than both an amount of the second organic functional
layer that has entered into the second concavity and an
amount of the third organic functional layer that has entered
into the third concavity, so that a film thickness of the first
organic functional layer in a region other than the first con-
cavity in any of'the first electrode plates is less than botha film
thickness of the second organic functional layer in a region
other than the second concavity in any of the second electrode
plates and a film thickness of the third organic functional
layer in a region other than the third concavity in any of the
third electrode plates.

[0116] With the above structure, an organic EL light-emit-
ting element corresponding to the third electrode plate group
is provided in addition to the organic EL light-emitting ele-
ments corresponding to the first and second electrode plate
groups. This achieves organic EL light-emitting elements of
three different luminescent colors. Setting the three colors to
be red, green, and blue (RGB) yields an organic EL display
panel with excellent light takeoff efficiency.

[0117] In the organic EL display panel according to the
above aspect of the present invention, the contact hole may
have a top opening and a bottom opening respectively at an
upper surface and a bottom surface of the interlayer insulation
film, and in the concavity shaped in conformity with the
contact hole, each of the electrode plates may be electrically
connected to the TEFT layer through the bottom opening of the
contact hole.

[0118] In the organic EL display panel according to the
above aspect of the present invention, the contact hole may
have an upper portion and a lower portion, the upper portion
continuously decreasing in diameter from the top opening
towards the bottom opening, and the lower portion continu-
ously increasing in diameter from the bottom opening
towards the top opening, and a step (or a step face) may exist
between the upper portion and the lower portion.

<EMBODIMENT>

(Structure of Display Panel 100)

[0119] FIG. 1 is a cross-section diagram schematically
showing the structure of the main parts of a display panel 100
according to the Embodiment. FIG. 2 is a perspective view
showing the structure of the main parts of the display panel
100.

[0120] The display panel unit 100 is an organic EL display
panel that uses the phenomenon of electroluminescence
occurring in organic material. Pixels are arranged in a matrix
in the lateral and longitudinal (X and Y) directions in the
display panel 100. Each pixel is formed by three adjacent
sub-pixels whose colors are respectively red, green, and blue
(RGB). The organic EL elements 20a, 205, and 20¢ shown in
FIG. 2 are top-emission type EL elements. The organic EL
elements 20a are sub-pixels of a first color (blue), the organic
EL elements 205 are sub-pixels of a second color (green), and
organic EL elements 20c¢ are sub-pixels of a third color (red).
[0121] The region in which each organic EL element 20 is
formed in plan view is referred to as an “element-formation
region”. Within each element-formation region, the region
that emits light is referred to as a “sub-pixel”.

[0122] As shown in FIG. 2, the blue organic EL elements
20a, green organic EL, elements 205, and red organic EL
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elements 20c are arranged in longitudinal lines (in the direc-
tion of the Y axis) in this order. Three organic EL elements
20a, 205, and 20c that are contiguous laterally (in the direc-
tion of the X axis) form one pixel.

[0123] FIG. 1 shows a cross-section of an organic EL ele-
ment 20¢ cut out longitudinally (in the direction of the Y axis).
The display panel 100 is provided with a thin-film transistor
(TFT) substrate formed by a substrate 1 and a TFT layer 2
layered on the principal surface of the substrate 1.

[0124] Aninterlayer insulation film 3, anode plates 5, pixel
defining layers 6, and hole-injection layers 7 are layered on
the TFT substrate in the display panel 100 in this order.
Furthermore, banks 8, hole transporting layers 9, organic
light-emitting layers 10 (hereinafter simply “light-emitting
layers”), and a cathode layer 11 are formed thereabove, thus
forming the organic EL elements 204, 205, and 20c.

[0125] Note that in FIG. 1, at the top of the figure in the
direction of the Z axis, the side of a bank 8 that is at the back
of the cross-section is shown in white (the same being true for
FIGS. 3B and 3C as well). Note also that in FIG. 2, the hole
transporting layers 9, light-emitting layers 10, and cathode
layer 11 are not shown.

[0126] The substrate 1 forms the base of the display panel
100 and is formed with an insulating material such as alkali-
free glass, soda glass, nonfluorescent glass, phosphate glass,
borate glass, quartz, acrylic resin, styrenic resin, polycarbon-
ate resin, epoxy resin, polyethylene, polyester, silicone resin,
alumina, etc.

[0127] The TFT layer 2 includes thin-film transistors
(TFT), wiring lines, etc. The TFTs are for driving the organic
EL elements 20a-20c in the entire panel by an active matrix
method. InFIG. 1, the TFT layer 2 is shown schematically by
a line with alternate long and two short dashes, and SD
electrodes 22 connected to the source electrodes and the drain
electrodes of the TFTs are shown representatively.

[0128] The interlayer insulation film 3 is formed from an
organic material with excellent insulating properties such as
polyimide, polyamide, or acrylic resin and covers the entire
TFT layer 2 of the substrate 1.

[0129] Contact holes 13a, 135, and 13c¢ are bored in the
direction of thickness (direction of Z axis) of the interlayer
insulation film 3 at each respective organic EL element 20q,
205, and 20c¢ (see FIGS. 1, 3A-3C). The contact holes 13 are
circular holes with an opening at the top surface and at the
bottom surface of the interlayer insulation film 3. The contact
holes 13a, 135, and 13¢ are also referred to simply as contact
holes 13, without differentiating therebetween. Note that in
addition to being circular, the cross-sectional shape of the
contact holes 13 (the shape of a cross-section parallel to the
XY plane) may be elliptical, rectangular, etc.

[0130] As a result of the anode plates 5, pixel defining
layers 6, and hole-injection layers 7 being layered in the
contact holes 13 in accordance with the concave shape
thereof, the hole-injection layers 7 have concavities 15 with a
similar shape to the contact holes 13. In FIG. 2, the contact
holes 13 are hidden below the concavities 15. Therefore, a
dashed lead line indicates the reference numbers for the con-
tact holes 13 (the same being true for FIG. 3A as well).

[0131] Next, the structure of the display panel 100 is
described in detail with reference to FIGS. 3A-3C.F1G. 3A is
a plan view showing the structure of the display panel 100,
FIG. 3B is a cross-section diagram from A to A" in FIG. 34,
and FIG. 3C is a cross-section diagram from B to B' in FIG.
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3A. Note that in FIG. 3A as well, the hole transporting layers
9, light-emitting layers 10, and cathode layer 11 are not
shown.

[0132] As shown in FIGS. 3B and 3C, the majority of the
upper surface of the interlayer insulation film 3 is level, but
the upper surface is concave where the contact holes 13 are
formed.

[0133] As shown in FIG. 3A, the contact holes 13 are
arranged in lines in the same way as the organic EL elements
20. The contact holes 13 are arranged near each other laterally
(in the direction of the X axis) and with a predetermined
distance between each other longitudinally (in the direction
of the'Y axis), i.e. at an even pitch.

[0134] As shown in FIG. 3B, the sizes of the upper open-
ings of the contact holes 13a, 13, and 13¢ corresponding to
each color are substantially equal (details on the size of the
upper opening are provided below). On the other hand, the
contact holes 13a, 135, and 13¢ have differing shapes and
volumes. Specifically, the contact hole 13« is formed without
steps, and a lateral cross-section of the contact hole 13a
continuously becomes narrower closer to the bottom surface
(the side with the SD electrodes) of the interlayer insulation
film 3. By contrast, the contact holes 135 and 13¢ each have a
step surface 14, and a lateral cross-section of each of the
contact holes 13 and 13¢ becomes narrower in a stepwise
manner upon approaching the bottom surface ofthe interlayer
insulation film 3.

[0135] A lower portion of each of the contact holes 135 and
13¢ (portion that is lower than the step surface 14) has a
smaller diameter than the contact hole 13a, and the contact
holes 135 and 13chave a smaller total volume than the contact
hole 13a. Furthermore, the contact hole 13¢ has a smaller
volume than the contact hole 135.

[0136] Inother words, the volumes ofthe contact holes 134,
13, and 13¢ corresponding to the colors blue, green, and red
are set so that the contact hole 134 corresponding to the color
blue has the largest volume, and the contact hole 13¢ corre-
sponding to the color red has the smallest volume. As a result,
the volume of the concavity 15¢ that forms in the blue ele-
ment-formation region is the largest, and the volume of the
concavity 15¢ that forms in the red element-formation region
is the smallest.

[0137] The anode plates 5 (5a-5¢) are an example of elec-
trode plates and are rectangular in plan view. The anode plates
5 are formed on the interlayer insulation film 3 in the element-
formation region of each of the organic EL elements 20 (in the
sub-pixel regions and the regions above the contact holes 13).
The anode plates 5 are equal in size and are arranged longi-
tudinally (in the direction of the Y axis) and laterally (in the
direction of the X axis) in lines at intervals of a predetermined
distance.

[0138] As shown in FIGS. 3B and 3C, part of each anode
plate 5 is formed along the inner surface of the contact hole
13, thus having a concavity 23 with a shape similar to the
contact hole 13. Along the bottom wall of the concavity 23,
the anode plate 5 is electrically connected to the SD electrode
22 in the TFT layer 2.

[0139] The anode plates 5 are formed from a metal mate-
rial, such as silver-palladium-copper alloy, Ag (silver), a sil-
ver-rubidium-gold alloy, MoCr (alloy of molybdenum and
chromium), NiCr (alloy of nickel and chromium), aluminum,
an aluminum alloy, etc. The anode plates are preferably light-
reflective. A semiconductor material such as Indium Tin
Oxide (ITO), 120 (In,0,—7Zn0), ZnO, InO, SnO, etc. may
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also be used. Furthermore, the above semiconductor material
may be layered on the above metal material to form the anode
plates 5.

[0140] The pixel defining layers 6 are electrically insulat-
ing films extending laterally (in the direction of the X axis)
that cover the concavities 23 and the longitudinal edges (in the
direction of the Y axis) of the anode plates 5.

[0141] In the areas where the pixel defining layers 6 are
foamed, electrical conduction between the anode plates 5 and
the cathode layer 11 is cut off. Therefore, even if a driving
voltage is applied on the organic EL elements 20 in these
areas, no light is emitted. Therefore, the pixel defining layers
6 partition a plurality of sub-pixels longitudinally (in the
direction of the Y axis). The pixel defining layers 6 have equal
widths and are arranged at an even pitch so that each of the
sub-pixels will be of a uniform size longitudinally (in the
direction of the Y axis).

[0142] By covering the concavities 23 and the edges of the
anode plates 5, the pixel defining layers 6 prevent the uneven
luminance described below, as well as the occurrence of a
short between the anode plates 5 and the cathode layer 11.
[0143] Specifically, the film thickness of the light-emitting
layer 10 becomes thin at the edges of the anode plates 5 and by
the rim of the concavities 23. If current accumulates locally in
these areas, alocal increase in luminance may occur, resulting
in uneven luminance. Furthermore, if the light-emitting lay-
ers 10 or other layers become discontinuous at the edges of
the anode plates 5 or by the rim of the concavities 23, a short
may occur between the anode plates 5 and the cathode layer
11.

[0144] The pixel defining layers 6 are an insulating, inor-
ganic film formed from silicon oxide (Si0O), silicon nitride
(SiN), silicon oxynitride (SiON), etc. The thickness is
approximately 100 nm-300 nm.

[0145] Thehole-injection layers 7 (7a-7¢) are formed from
an oxide of molybdenum or tungsten and are layered on the
anode plates 5 and the pixel defining layers 6.

[0146] In the region above the contact holes 13, the hole-
injection layers 7 enter the concavities 23 in the anode plates
5 along with the pixel defining layers 6, thus forming con-
cavities 15 with the same shape as the concavities 23. Note
that the film thicknesses of the pixel defining layers 6 and the
hole-injection layers 7 are much smaller than the size of the
concavities 23 (the diameter and the depth thereof). There-
fore, the volume of the concavities 15 formed in the hole-
injection layers 7 is approximately the same as the volume of
the concavities 23 formed in the anode plates 5.

[0147] The banks 8 (8a-8¢) are formed from an organic
material with insulating properties (such as acrylic resin,
polyimide resin, novolac-type phenolic resin, etc.) and at
least the surface thereof is provided with repellency. The
banks 8a, 85, and 8¢ are formed in long, longitudinal lines (in
the direction of the Y axis) with equivalent lateral pitch (in the
direction of the X axis), so as to exist between organic EL
elements 20a, 205, and 20c¢ that are contiguous laterally. The
cross-sectional shape of each bank 8a, 85, and 8¢ is a trap-
ezoid, and the width (the dimension in the direction of the X
axis) of each bank is uniform.

[0148] The hole transporting layers 9 (9a-9¢) are an
example of the organic functional layer and are formed in the
areas between contiguous banks 8, so as to cover the hole-
injection layers 7. The hole-injection layers 9 partially fill the
concavities 15 in the pixel defining layers 6. The hole trans-
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porting layers 9 are formed to be continuous longitudinally
(in the direction of the Y axis).

[0149] Note that, as described below, the volume of the
concavities 15 differs in accordance with differences in the
volume of the contact holes 13a, 135, and 13¢ which corre-
spond to the different colors, and therefore the film thickness
of the hole transporting layers 9 differs in the light-emitting
areas, etc.

[0150] Between a bank 8« and a bank 85, a hole transport-
ing layer 9a corresponding to the color blue is formed.
Between the bank 85 and a bank 8¢, ahole transporting layer
95 corresponding to the color green is formed. Between the
bank 8¢ and the bank 8a, a hole transporting layer 9¢ corre-
sponding to the color red is formed.

[0151] The light-emitting layers 10 (10a-10c¢) are formed
above the hole transporting layers 9, in the areas between
contiguous banks 8. The light-emitting layers 10 partially fill
the concavities 15 along with the hole transporting layers 9.
[0152] A light-emitting layer 10a that emits blue light is
formed above the hole transporting layer 9a. A light-emitting
layer 105 that emits green light is formed above the hole
transporting layer 9. A light-emitting layer 10¢

[0153] that emits red light is formed above the hole trans-
porting layer 9c.

[0154] Thehole transporting layers 9 are made from mate-
rial with excellent hole mobility and transport holes to the
light-emitting layers 10. Examples of the material used to
form the hole transporting layers 9 include triarylamine-
based compounds such as 4-4'-Bis [N-(naphthyl)-N-phenyl-
amino] biphenyl (a-NPB or a-NPD), N,N' -Bis (3-methylphe-
nyl)-(1,1' -biphenyl)-4,4' -diamine (TPD), etc. Other
examples include a bipheny] derivative, an anthracene deriva-
tive, an aniline derivative, a theophene derivative, etc.
[0155] Note that the anode plates 5, hole-injection layers 7,
and hole transporting layers 9 are formed from the same
material for the three colors of organic EL elements 20a, 205,
and 20c, whereas the light-emitting layers 10 are formed from
light-emitting materials that emit light of different colors,
namely blue, green, and red, respectively for the organic EL
elements 20a, 205, and 20c.

[0156] Examples of the material in the light-emitting layers
10 include a fluorescent material such as an oxinoid com-
pound, perylene compound, coumarin compound, azacou-
marin compound, oxazole compound, oxadiazole compound,
perinone compound, pyrrolo-pyrrole compound, naphtha-
lene compound, anthracene compound, fluorene compound,
fluoranthene compound, tetracene compound, pyrene com-
pound, coronene compound, quinolone compound and aza-
quinolone compound, pyrazoline derivative and pyrazolone
derivative, rhodamine compound, chrysene compound,
phenanthrene compound, cyclopentadiene compound, stil-
bene compound, diphenylquinone compound, styryl com-
pound, butadiene compound, dicyanomethylene pyran com-
pound, dicyanomethylene thiopyran compound, fluorescein
compound, pyrylium compound, thiapyrylium compound,
selenapyrylium compound, telluropyrylium compound, aro-
matic aldadiene compound, oligophenylene compound,
thioxanthene compound, anthracene compound, cyanine
compound, acridine compound, metal complex of a 8-hy-
droxyquinoline compound, metal complex of a 2-bipyridine
compound, complex ofa Schiff base and a group three metal,
metal complex of oxine, rare earth metal complex, etc., as
recited in Japanese Patent Application Publication No.
HS5-163488.
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[0157] The cathode layer 11 is an example of an opposing
electrode and is formed to cover all of the light-emitting
layers 10 of the three colors of organic EL elements 204, 205,
and 20c¢. The cathode layer 11 is formed from a transparent
material, such as ITO, indium zinc oxide (IZO), etc.

[0158] Note that, while not shown in the figures, a passiva-
tion layer is provided above the cathode layer 11. The passi-
vation layer is formed from a transparent material such as
silicon nitride (SiN), silicon oxynitride (SiON), etc.

[0159] In the display panel 100, the pitch and width of the
banks 8 are uniform, as are the pitch and width of the pixel
defining layers 6. Therefore, the size of the sub-pixels sur-
rounded by the banks 8 and the pixel defining layers 6 is also
uniform. In the present Embodiment, as shown in FIG. 3A, a
plurality of anode plates 5a for the color blue are arranged in
alongitudinal line (in the direction of the Y axis) in the display
panel 100, thus forming a first anode plate group (an example
of the first electrode plate group). Next to the first anode plate
group, a plurality of anode plates 55 for the color green are
arranged in a longitudinal line (in the direction of the Y axis),
thus forming a second anode plate group (an example of the
second electrode plate group). Next to the second anode plate
group, a plurality of anode plates 5¢ for the color red are
arranged in a longitudinal line (in the direction of the Y axis),
thus forming a third anode plate group (an example of the
third electrode plate group).

[0160] In FIG. 3A, each anode plate group overall has a
long, thin rectangular shape extending longitudinally (in the
direction of the Y axis). Each anode plate group has two long
sides, one to the left and one to the right. Along one long side
(the left side) of the first anode plate group, a first bank (bank
8a) is formed. Between the other long side (the right side) of
the first anode plate group and one long side (the left side) of
the second anode plate group, a second bank (bank 85) is
formed. Between the other long side (the right side) of the
second anode plate group and one long side (the left side) of
the third anode plate group, a third bank (bank 8¢) is formed.
Along the other long side (the right side) of the third anode
plate group, a fourth bank (bank 8a) is formed. Note that the
fourth bank (bank 8a) becomes the first bank (bank 8a) for the
neighboring pixel.

(Method of Manufacturing Display Panel 100)

[0161] First, an example of the main parts of a method of
manufacturing the display panel 100 is described with refer-
ence to FIGS. 4A-4G.

[0162] The following describes the process of manufactur-
ing the TFT substrate.

[0163] The substrate 1 is prepared in accordance with the
size of the display panel 100. Alternatively, a substrate that is
several times the size of the display panel 100 may be pre-
pared, and a plurality of display panels 100 may be manufac-
tured at the same time.

Formation of TFT Layer

[0164] A known method of manufacturing (for example, as
recited in Japanese Patent Application Publication No. 2003-
241683, Japanese Patent Application Publication No. 2008-
300611, etc.) is used to form the TFT layer 2, which includes
TFTs, wiring lines, and SD electrodes 22, on the substrate 1
(FIG. 4A). For example, the TFTs, SD electrodes 22, wiring
lines, etc. may be formed by a sputtering method, by a chemi-
cal vapor deposition (CVD) method, etc.
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[0165] During formation of the TFTs, gate electrodes, gate
insulation films, sources, drains, and channel layers are
formed. The SD electrodes 22 are each formed in electrical
connection with either a source or a drain. The wiring lines are
formed by a plurality of signal lines extending along the Y
axis and a plurality of scanning lines extending along the X
axis. The wiring lines are connected to the TFTs. Note that the
TFTs may be top-gate TFT's with the gate electrode formed as
the source above the drain and other components, or the TFTs
may be bottom-gate TFTs with the gate electrode formed as
the source below the drain and other components.

[0166] The following describes the process of manufactur-
ing the interlayer insulation film.

Formation of Interlayer Insulation Film

[0167] A resist film 26 formed by positive photosensitive
organic material is first applied to the TFT layer 2, and contact
holes 13 are then formed at locations above the SD electrodes
22 in the resist film 26.

[0168] The resist film 26 is applied by a liquid film forma-
tion method such as spin coating. The surface ofthe TFT layer
2is planarized by filling in surface irregularities. Note that the
resist film 26 may alternatively be applied by another liquid
film formation method such as dip coating, slit coating, spray
coating, roll coating, or dye coating.

[0169] Photolithography is used to form the contact holes
13. An upper portion and a lower portion are respectively
formed above and below the step surfaces 145 and 14¢ in the
respective contact holes 134 and 13¢ (see FIGS. 5A and 5B).
The upper portion and lower portion are formed via two
separate exposure and developing processes. For example,
after forming the upper portion, the opening of which has a
larger diameter, by a first exposure and developing process,
the lower portion, the opening of which has a smaller diam-
eter, is formed by a second exposure and developing process.
[0170] Note that the contact holes 135 and 13¢ may also be
formed via one exposure and developing process using a
multi-tone mask. Use of a multi-tone mask is described with
reference to FIGS. 5A and 5B. FIGS. 5A and 5B are cross-
section diagrams schematically showing processing to form
the contact holes 13 by photolithography.

[0171] A nulti-tone mask 30 used for exposure is formed
by a transparent portion 31 that lets light pass through, a
semi-transparent portion 32 that weakens passing light, and a
light blocking portion 33 that blocks light. The semi-trans-
parent portion 32 may be arranged in patterns with much finer
detail than the resolution of an exposure device, and the
degree of transparency may be adjusted by adjusting the
number of detailed patterns per unit of area. Alternatively, the
degree of transparency may be adjusted by further layering a
film with a predetermined degree of transparency. Intermedi-
ate exposure is achieved with this sort of semi-transparent
portion 32. In particular, when varying the volume of the
contact hole 13 for each color, R, G, and B, it is preferable for
the multi-tone mask 30 to be arranged in patterns with much
finer detail than the resolution of the exposure device, and for
the degree of transparency to be adjusted by adjusting the
number of detailed patterns per unit of area.

[0172] Inorderto form the contact holes 13, the diameter of
the opening of each of the transparent portions 31a, 315, and
31c is approximately the same as the diameter of the corre-
sponding openings 35a, 355, and 35¢ (openings at the side of
the substrate 1) at the bottom of the contact holes 13a, 135,
and 13c, respectively. The outer diameter of the semi-trans-
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parent portions 325 and 32¢ are set approximately equal to the
outer diameter of the step surfaces 145 and 14c¢ (i.e. to the
bottom surface of the upper portions) in the respective contact
holes 135 and 13¢. The portion of the multi-tone mask 30
other than the transparent portion 31 and the semi-transparent
portion 32 is the light blocking portion 33.

[0173] The degree of transparency of the transparent por-
tion 31 is high. Therefore, after developing, the bottom sur-
face of the resist film 26 is exposed at the portions of the resist
film 26 where light passed through the transparent portion 31.
By contrast, light shone on the resist film 26 is weakened by
the semi-transparent portion 32. Therefore, the upper part of
areas exposed to light passing through the semi-transparent
portion 32 is then removed by developing to form the step
surfaces 145 and 14¢. The range indicated schematically by
the line with alternate long and two short dashes 36a, 365, and
36¢in FIG. 5A receives light during exposure with the multi-
tone mask 30 and is removed by being dissolved during
developing. Note that light passing through the transparent
portion 31 and the semi-transparent portion 32 spreads by
diffraction. Therefore, portions of the resist film 26 that are
larger than the transparent portion 31 and the semi-transpar-
ent portion 32 are exposed to light to some extent, making the
side wall of the contact holes 13 inclined.

[0174] Alternatively, after forming an insulation film
whose top surface is planarized, the locations where the con-
tact holes are to be formed may be removed by etching, thus
forming the contact holes 13.

[0175] A specific explanation follows. A photoresist is
overlaid on the interlayer insulation film, and thereabove, a
pattern mask matching the contact hole 13 to be formed is
overlaid. For the contact holes 136 and 13¢, which each have
a step, a separate pattern mask for the upper portion and a
separate pattern mask for the lower portion are necessary. On
the other hand, for the contact hole 13, which has no step, the
same pattern mask as for the lower portion of the contact
holes 135 and 13¢ may be used.

[0176] Next, after receiving light through the pattern mask,
the light-sensitive (or non light-sensitive) portion of the pho-
toresist is removed by developing to form the resist pattern.
Subsequently, the portions of the insulation film exposed to
the openings of the resist pattern are removed by, for example,
wet etching (or dry etching), thus forming the upper portion
(lower portion, contact hole 134) in the insulation film. The
insulation film is pattered by performing this sort of exposure
and developing twice, thus forming the interlayer insulation
film 3.

[0177] The following describes the process of forming the
organic EL elements of each color.

Formation of Anode Plates

[0178] A thin film, approximately 100 nm to 200 nm thick,
of a metal material (alloy of silver, palladium, and copper) is
formed on the interlayer insulation film 3, and a thin film,
approximately 90 nm thick, of semiconducting material
(1Z0) is formed on the metal material layer.

[0179] The anode plates 5, which are rectangular in plan
view, are then formed in lines by photolithography. Specifi-
cally, a resist film is formed on the semiconducting material.
The resist film is exposed to light using a mask pattern in
which rectangular anode plate shapes are arranged in lines.
The exposed part is then removed by being dissolved in
tetramethylammonium hydroxide (TMAH). Furthermore,
via wet etching (for example, with a water solution of phos-
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phate, nitric acid, and acetic acid), lattice-shaped portions of
the metal material film and the semiconducting material film
that are not covered by the resist film are removed and pat-
terning is performed to form the rectangular anode plates 5.

[0180] The anode plates 5 at this point are also formed on
the inner surface of the contact holes 13. Therefore, the anode
plates 5 are concave in conformity with the inner surface of
the contact holes 13, and concavities 23 are formed in the
anode plates 5. The bottom wall of the concavities 23 is in
surface contact with and electrically connected to the SD
electrodes 22 through the opening at the bottom of the contact
holes 13 (FIG. 4C).

Formation of Pixel Defining Layers

[0181] Next, a 100 nm to 300 nm film of SiON is formed by
CVD. Using photolithography, the pixel defining layers 6 are
then formed through patterning by dry etching (FIG. 4E).

Formation of Hole-Injection Layers

[0182] Next, on the anode plates 5 and the pixel defining
layers 6, a metal oxide film such as molybdenum oxide,
tungsten oxide, etc. is formed by reactive sputtering, thus
forming the hole-injection layers 7 (FIG. 4D).

[0183] Thepixel defining layers 6 and hole-injection layers
7 also have a partially concave shape, along the concavities
23a, 23b, and 23¢ in the anode plates 5. As a result, concavi-
ties 15a, 15¢, and 15¢ are formed in the hole-injection layers
7. The pixel defining layers 6 and the hole-injection layers 7
have approximately the same film thickness in the sub-pixels
and in the concavities 23.

Formation of Banks

[0184] Next, resist material is sprayed on the interlayer
insulation film 3 as bank material and patterned via photoli-
thography to form the banks 8a, 85, and 8¢ (FIG. 4F). The
resist material is, for example, a photoresist, or resist material
that includes fluorine-based or acrylic material.

[0185] Note that, during this process of forming the banks,
the surface of the banks 8 may be treated with an alkaline
solution, water, or an organic solvent, or by plasma treatment,
in order to provide the surface of the banks 8 with repellency
with respect to the next ink to be sprayed.

Formation of Hole Transporting Layers

[0186] Next, thehole transporting layers 9 are formed by an
inkjet method (inkjet spraying method) (FIG. 4G).

[0187] To do so, the organic material for the hole transport-
ing layer is mixed with solvent at a predetermined ratio to
manufacture hole transporting layer ink. This ink is then
sprayed between adjacent banks 8. Specifically, ink is
sprayed using a known inkjet method in the regions between
bank 8a (the first bank) and bank 85 (the second bank),
between bank 86 and bank 8¢ (the third bank), and between
bank 8¢ and bank 8a (the fourth bank).

[0188] FIG. 6 is a schematic cross-section diagram show-
ing conditions immediately after spraying ink for forming the
hole transporting layers on the substrate and after drying the
ink. Note that in FIG. 6, the hole-injection layers 7 are omit-
ted.

[0189] As shown by the arrows in FIG. 7, ink is dripped in
a predetermined number of locations in each element-forma-
tion region from the nozzles of the inkjet apparatus. In other
words, the number of drops (for example, eight) dripped in
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each element-formation region and the number of locations in
which ink is dripped in each element-formation region is
made uniform. As a result, the ink that is sprayed covers the
entire surface of the hole-injection layers 7, also entering the
concavities 15 that exist due to the contact holes 13.

[0190] Since the amount of each drop of ink ejected from
the nozzle is constant, a uniform amount ofink is sprayed into
element-formation regions. In other words, the amount of ink
sprayed on each anode plate 5 is equivalent, with variation
equal to or less than 5%.

[0191] Note that alternative methods for filling the regions
between banks with ink that forms the hole transporting lay-
ers 9 include a dispenser method, nozzle coating method,
printing method, etc. In all of these methods, the amount of
ink sprayed on each anode plate 5 and hole-injection layer 7
is equivalent for sub-pixels of each color.

[0192] By drying the ink layers thus formed, the hole trans-
porting layers 9 form.

Formation of Light-Emitting Layers

[0193] On the hole transporting layers 9, the light-emitting
layers 10 are formed by the wet method. This process is the
same as the above process of forming the hole transporting
layers. Organic light-emitting material for forming the light-
emitting layers is dissolved to yield ink. The ink is sprayed
between adjacent banks 8 and dried to form the light-emitting
layers. The organic light-emitting material that is used differs
by luminescent color.

[0194] Note that light-emitting layers 10 formed from low-
molecular organic light-emitting material may be formed on
the hole transporting layers 9 by, for example, a vacuum
deposition method. Alternative methods for filling the regions
between banks with ink that forms the light-emitting layers
10 include the dispenser method, nozzle coating method,
printing method, etc.

Formation of Cathode Layer, Etc.

[0195] Next, on the surface of the light-emitting layers 10,
a film of ITO, 170, etc. material is formed by the sputtering
method or the vacuum deposition method. The cathode layer
11 is thus formed. Furthermore, on the surface of the cathode
layer 11, a film of silicon nitride (SiN), silicon oxynitride
(SiON), etc. material is formed by the sputtering method or
the vacuum deposition method to form the passivation layer.

[0196] All of the organic EL elements 20a-20c are formed
by the above processes, thus completing the display panel
100.

[0197] Volume of Contact Holes 13 and Concavities 15,
Film Thickness of Hole Transporting Layers 9

[0198] In the display panel 100, the volume of the contact
holes 13 is set so that the volume of the contact hole 13a,
corresponding to the color blue, is the largest, and the volume
of the contact hole 13¢, corresponding to the color red, is the
smallest (13a>135>13c¢). Accordingly, the volume ofthe con-
cavities 15 varies, the volume of the concavity 15a formed
above the contact hole 13a being the largest, and the volume
of the concavity 15¢ formed above the contact hole 13¢ being
the smallest (15a>15b>15¢). The hole transporting layers 9a,
9b, and 9¢ corresponding to the different colors are set to have
the same volume in the regions above the anode plates 5.
However, the volume (amount) of each hole transporting
layer that enters into the concavities 15a, 1556, and 15¢ differs.
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[0199] As a result, the film thickness of the hole transport-
ing layer 9a in the blue sub-pixel (the film thickness in the
region above the anode plate 5 in a region other than the
concavity 15) is the thinnest, the film thickness of the hole
transporting layer 95 in the green sub-pixel is an intermediate
thickness, and the film thickness of the hole transporting layer
9¢ in the red sub-pixel is the thickest.

[0200] By thus varying the volume of the concavities 154,
155, and 15¢, the difference in film thickness between the
hole transporting layers 9a, 95, and 9c¢ is finely adjusted.
Accordingly, in the display panel 100, itis easy to set the film
thickness of the hole transporting layers 9 to be appropriate
for the wavelength of the luminescent color in each sub-pixel.
[0201] The following is a detailed consideration of the rela-
tionship between the volume of the concavities 15 formed
above the anode plates 5 and the film thickness of the hole
transporting layers 9. Note that strictly speaking, the concavi-
ties 15 are formed by the hole-injection layers 7 entering into
the concavities 23 formed on the anode plates 5 and thus
adopting the shape of the concavities 23. Since the pixel
defining layers 6 and the hole-injection layers 7 are formed by
CVD or by the sputter method, the concavities 15 have an
extremely similar shape to the concavities 23. As compared to
the size of the concavities 23 (diameter and depth), the film
thickness of the hole-injection layers 7 and other layers is
much smaller, and these layers therefore have little effect on
the volume of the concavities 23.

[0202] As is clear from the above considerations, it poses
no particular problem to consider the concavities 23 and the
concavities 15 as being identical. While the first, second, and
third concavities are, strictly speaking, formed by the con-
cavities 23a, 23b, and 23c¢, for the sake of convenience, the
first, second, and third concavities may thus be considered to
be formed by the concavities 154, 155, and 15¢.

[0203] Furthermore, a longitudinal gap (in the direction of
the Y axis) between neighboring anode plates 5 is extremely
small as compared to the longitudinal length of each anode
plate 5, and therefore the gap is not taken into consideration in
the following calculations. Note that the film thickness of the
hole transporting layers 9 in the sub-pixels is simply referred
to as the film thickness of the hole transporting layer 9.
[0204] In one element-formation region, let the area of an
ink-spraying region, i.e. the region where ink is sprayed on
the anode plate 5 (the region indicated by reference number 5
in FIG. 3A), be S. Let the solute concentration of the ink used
for the intermediate layer be N. Furthermore, let the amount
of ink sprayed in one ink-spraying region (the hatched region
C in FIG. 6) be V0, and let the volume of the concavity 15
formed on the anode plate 5 be V1 (with the volume of the
concavities 15a, 155, and 15¢ corresponding to each color
respectively being V1a, V15, and V1c¢).

[0205] FIGS. 7A, 7B, and 7C are greatly simplified ver-
sions of F1G. 6 schematically showing a state in which ink has
been sprayed in the ink-spraying region (left side) and a state
in which the ink has dried (right side). In the following expla-
nation, the ink-spraying region, concavity 15, etc. are treated
as simplified in FIGS. 7A-7C in order to consider the rela-
tionship between the volume of the concavity 15 and the film
thickness of the hole transporting layer 9. Note that in FIGS.
7A-7C, the anode plate 5, pixel defining layer 6, etc. are
omitted.

(1) Difference in Film Thickness of the Hole Transporting
Layer 9 Depending on the Presence of the Concavity

[0206] First, the relationship between the volume of the
concavity 15 and the film thickness of the hole transporting
layer 9 is described.
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[0207] FIG. 7A shows states before and after drying of ink,
assuming that no concavity 15 is formed. Assuming that the
entire upper surface of the anode plate 5 is even, and that no
concavity exists, the hypothetical height HO of the ink layer
sprayed on the anode plate 5 is obtained by dividing the
amount of sprayed ink V0 by the area S.

HO=V0/S (1-1)

[0208] Theholetransporting layer 9 that forms after drying
has a hypothetical height of h0, obtained by multiplying the
hypothetical height H0 of the ink layer by the solute concen-
tration N.

) =NxHO (1-2)
=NxVO/S§
[0209] FIGS. 7B and 7C show states before and after drying

of ink when a concavity 15 is formed. Note that in FIGS. 7B
and 7C, ink that enters in the concavity 15 and dries is distin-
guished from an ink layer that is above the concavity 15 and
dries. Details regarding this distinction are provided below.
[0210] When a concavity 15 (volume V1) is formed on the
anodeplate 5, part of the ink that is sprayed fills the concavity
15. It is assumed that ink fills the entire concavity 15, as in the
hatched region D in FIG. 6. The upper surface of the ink after
spraying may to some extent be uneven, but in the following
estimations, it is assumed that the upper surface is even.
[0211] The height H of the ink layer in the sub-pixels can
thus be calculated in the same way when ink is sprayed on an
anode plate with no concavity, using instead a remaining
amount of ink V0-V1, i.e. the amount of sprayed ink VO
minus the amount of ink V1 that fills the concavity 15 (see
FIG. 7B).

[0212] Accordingly, the height H of the ink layer is
obtained by dividing the remaining amount of ink (V0-V1) by
the area S.

H=(b 0-V1)S (1-3)

[0213] The film thickness h of the hole transporting layer 9
after the ink dries is obtained by multiplying the height H of
the ink layer by the solute concentration N of the ink for the
intermediate layer.

h=NxH (1-4)
=N(VO-V1)/$
[0214] Comparing FIGS. 7A and 7B, it is clear that due to

the concavity 15 being filled with ink, the height H of the ink
layer in the sub-pixels is shorter than the hypothetical height
HO (indicated by the line J in FIG. 8B). As a result, the film
thickness h of the hole transporting layer 9 after drying is less
than the hypothetical height ho.

[0215] When it is assumed that no concavity 15 is formed
on the anode plate 5, the hypothetical height h0 of the hole
transporting layer 9 is NxV0/S. Accordingly, when compar-
ing the film thickness h of the hole transporting layer 9 with
the hypothetical film thickness h0, an amount E by which the
film thickness h decreases due to the concavity 15 is obtained
by the following equation.
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E=W-h (1-5)
= NxVO/S-NVO-V1)/S

=NxV1/S§

[0216] In other words, the amount E of decrease in the film
thickness h of'the hole transporting layer 9 with respect to the
hypothetical film thickness h0 is fundamentally based on the
volume of the concavity 15. Accordingly, by increasing the
volume (V1) of the concavity 15, the amount E of decrease in
the film thickness h of the hole transporting layer 9 with
respect to the hypothetical film thickness h0 increases.
[0217] The volumes V1a, V15, and V1c of the concavities
15 of the different colors are ordered as follows:
V1a>V15>Vlc. Therefore, if the amount of sprayed ink V0
and the solute concentration N are set to be the same, the film
thickness of the hole transporting layer 9a in the blue sub-
pixel is the thinnest, and the film thickness of the hole trans-
porting layer 9c¢ in the red sub-pixel is the thickest.

(2) Difference in Volume of Concavities 15 and Difference in
Film Thickness of Hole Transporting Layers 9 Between Each
Color

[0218] FIGS. 7B and 7C indicate the heights Ha and Hb of
the ink layers and the film thicknesses ha and hb of the hole
transporting layers 9a and 95. Note that for the sake of sim-
plicity, in FIGS. 7A-7C, the anode plates 5 and other layers
are omitted, and the cross-sectional shape of the concavity 15
is represented as a rectangle.

[0219] Thefollowing describes the relationship between (i)
adifference AV1 between the volumes of the concavities 15a,
155, and 15¢ and (ii) a difference in film thickness Ah between
film thicknesses ha, hb, and he of the hole transporting layers
9, with the concavities and the hole transporting layers cor-
responding to different colors.

[0220] Note that the amount of sprayed ink V0 and the
solute concentration N are set to be equivalent between ink-
spraying regions of different colors. Given these conditions,
the difference in film thickness Ahab between the film thick-
ness ha of the hole transporting layer 94 in the blue sub-pixel
and the film thickness hb of the hole transporting layer 96 in
the green sub-pixel is obtained by the following equation.

Ahab = ha - hb (2-1)

= N(V0-V1a)/S-N(VO-VIb)/S§
=N(V1b-Via)/S

= NxAV1ab/S

[0221] In other words, when the amount of ink V0 and the
solute concentration N are equivalent in the ink-spraying
regions of different colors, the above difference in film thick-
ness Ahab is fundamentally proportional to the difference
AV1ab in the volumes of the concavity 154 corresponding to
the color blue and the concavity 156 corresponding to the
color green. Accordingly, adjusting the difference AV1
between the volume of two of the concavities 15a, 155, and
15¢ (for example, V1a-V15) results in a corresponding dif-
ference in film thickness Ah between the film thicknesses, ha,
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hb, or he, of the hole transporting layer 9 of two different
colors (for example, ha-hb). In this embodiment, the volume
V1a of the concavity 154 is larger than the volume V15 of the
concavity 155, and therefore V1a-V15b yields a negative
value. This indicates that the film thickness ha is smaller than
the film thickness hb.

[0222] Note that even if the amount of sprayed ink V0 and
the solute concentration N vary by color, the difference in film
thickness Ah can still be adjusted by the same principle.

(3) Units by which Difference in Film Thickness of Hole
Transporting Layer 9 is Adjusted

[0223] The size of each concavity 15 is defined by the size
of the contact hole 13 formed on the interlayer insulation film
3, and it is possible to finely adjust the size of each concavity
15 as described below. Accordingly, the volume Vla, V15,
Ve of the concavities can be adjusted in finer increments
than the volume of one drop of ink, thus allowing for fine
adjustment to the difference in film thickness of the hole
transporting layer 9 by color.

[0224] First of all, by way of comparative example, the
following describes a method to adjust film thickness by
changing the number of drops of ink sprayed in sub-pixels of
different colors. Let the number of drops of ink sprayed in
each ink-spraying region be M, and the volume of a drop of
ink be VO/M, the amount of sprayed ink V0 divided by the
number of drops of ink M. It follows that when the number of
drops of ink sprayed in each ink-spraying region is increased
or decreased by one drop (e.g. when comparing M drops vs.
M+1 drops), the film thickness of the resulting intermediate
layer changes by N(VO/M)/S. Therefore, the difference in
film thickness can only be adjusted in increments equaling
N(VO/MY/S.

[0225] The present Embodiment, on the other hand, allows
for the difference in volume between the concavities 15a,
155, 15¢ (e.g. V1a-V1b) to be adjusted in increments smaller
than the volume of one drop of'ink, i.e. VO/M (for example, in
increments equaling half the volume of a drop of ink, i.e.
V0/2M). Accordingly, the difference in film thickness Ah of
the hole transporting layer 9 can be set, for example, to
N(V0/2M)/S, which is smaller than the difference in film
thickness when changing the number of drops of ink by one
drop. Furthermore, the difference in film thickness Ah of the
hole transporting layer 9 can, for example, be set larger than
the difference in film thickness when the number of drops of
ink is changed by n drops and smaller than the difference
when the number of drops of ink is changed by n+1 drops.
[0226] Accordingly, the difference in film thickness Ahab
between the film thickness ha of the hole transporting layer 9a
in the blue sub-pixel and the film thickness hb of the hole
transporting layer 95 in the green sub-pixel can (i) be set
larger than the increase in the film thickness ha of the hole
transporting layer 9a when the number of drops of ink dripped
in the blue sub-pixel is increased by n drops, and (ii) be set
smaller than the increase in the film thickness ha of the hole
transporting layer 92 when the number of drops of ink is
increased by n+1 drops.

(4) Portion of the Hole Transporting Layer 9 that Enters into
the Concavity 15

[0227] Asshown in FIGS. 7B and 7C, the film thickness of
the hole transporting layer 9 in the concavity 15 is generally
thicker than the film thickness of the hole transporting layer 9
in the sub-pixel. This is due to ink that fills the concavity 15.
Inthe lower half of FIG. 6, the amount (volume) v3 of the hole
transporting layer 9 that enters the concavity 15 indicates the
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volume of the portion between lines E and F. Therefore, the
volume of the hole transporting layer 9 that enters the con-
cavity 15 is expressed as the amount of the hole transporting
layer 9 that is formed in the same region as the concavity 15
in plan view.

[0228] Returning to FIGS. 7B and 7C, the amount (volume)
v3 of the hole transporting layer 9 that enters the concavity 15
is the sum of volumes v1 and v2. The volume v1 is the volume
of a first portion 42 formed when a first ink portion 41 (vol-
ume V1) that fills the concavity 15 dries, and the volume v2 is
the volume of a second portion 44 formed when a second ink
portion 43 (volume V2) of the ink layer located above the
concavity 15 dries.

V3=v1+v2 (3-1)
[0229] The volumes v1 and v2 are represented by the fol-
lowing equations.

v1=NxV1 (3-2)

V2=NxV2 (3-3)
[0230] As shown in FIGS. 7B and 7C, within the portion of

the hole transporting layer 9 that enters the concavity 15, the
second portion 43, from which the second portion 44 forms,
simply changes in accordance with the height H of the ink
layer in the sub-pixel, and is considered not to contribute to a
change in the film thickness h of the hole transporting layer 9.
This is also clear from equation (1-5).

[0231] Accordingly, within the volume v3 of the hole trans-
porting layer 9 that enters the concavity 15, the volume that
contributes to a change in the film thickness h of the hole
transporting layer 9 is the volume v1 of the first portion 42. By
adjusting the volume V1 of the concavity 15, the volume v1 of
the first portion 42 can be appropriately adjusted, thereby
adjusting the film thickness h of the hole transporting layer 9.

[0232] Furthermore, by finely adjusting the difference
between the volume V1a and V15 of the respective first ink
portions 41a and 415 of the different colors, the difference in
the volume vla and v1b of the first portions 42 is appropri-
ately adjusted, thereby finely adjusting the difference in film
thickness of the hole transporting layers 9a, 95, 9¢ in the
respective sub-pixels of different colors.

[0233] In practice, however, it is difficult to separate the
hole transporting layer 9 that enters into the concavity 15 into
the first portion 42 and the second portion 44. Therefore,
based on the amount of the hole transporting layer 9 in the
sub-pixel, a corresponding volume v2' that corresponds to the
volume v2 of the second portion 44 is calculated.

[0234] In this context, the height of the second ink portion
43 is the same as the height H of the ink layer 45 in the
sub-pixel. Accordingly, letting the size of the upper opening
of the concavity 15 be S1, a volume v4 per area S1 of the hole
transporting layer 9 in the sub-pixel (as indicated by reference
number 46) corresponds to the volume v2 of the second
portion 44, and thus equals the corresponding volume v2'.

[0235] The above volume v4 is calculated by multiplying
the film thickness h of the hole transporting layer 9 in the
sub-pixel by the area S1. Note that a mean film thickness of
the hole transporting layer 9 in the sub-pixel may be used as
the film thickness h. Specifically, the film thickness of the
hole transporting layer 9 in the sub-pixel may be measured in
a plurality of locations, and the mean of the measurements
calculated as the film thickness h.
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v2 =vd (3-4)
=hxS1
[0236] The corresponding volume v2' of the second ink

portion 43 is thus obtained, allowing for calculation of a
corresponding volume v1' of the first ink portion 41. Note that
a corresponding volume v3', corresponding to the total vol-
ume v3, may for example be calculated based on a cross-
section of the hole transporting layer 9 that enters into the
concavity 15. Specifically, when a cross-section that includes
a central axis of the concavity 15 is obtained, the correspond-
ing volume v3' can be considered to be the volume of a solid
of revolution obtained by rotating the cross-sectional shape of
the hole transporting layer 9 once about the central axis.

vl =v3 =2’ (3-5)
=v3 —hxS1
[0237] Note that ideally, the corresponding volume v1' and

the volume v1 obtained by multiplying the volume V1 of the
concavity 15a by the solute concentration N are approxi-
mately equal (for example, in a range of £10%).

[0238] Thesize of the upper opening S1 of the concavity 15
is defined in the same way as the size of the upper opening of
the contact hole 13, as described below. Specifically, the size
of the upper opening S1 may be considered as the area of a
circle defined by the diameter of the concavity 15 at a position
10% lower than the highest position along the periphery of the
concavity 15.

[0239] Inthe present Embodiment, (i) the volume (V1a) of
the first contact hole (13a) is larger than the volume (V15) of
the second contact hole (135); (ii) the volume of the first
organic functional layer (9a) corresponding to aregion above
the electrode plate (5a) of the first color (for example, NxV0)
is equal to, or an approximation of, the volume of the second
organic functional layer (95) corresponding to aregion above
the electrode plate (56) of the second color (for example,
NxV0); and (iii) the volume (v3a) of the first organic func-
tional layer that enters into the first concavity (15a) corre-
sponding to the first contact hole is larger than the volume
(v3b) of the second organic functional layer that enters into
the second concavity (15b) corresponding to the second con-
tact hole, so that the film thickness (ha) of the first organic
functional layer is less, in a region other than the first concav-
ity on the electrode plate corresponding to the first color (for
example, 9a in the blue sub-pixel), than the film thickness
(hb) of the second organic functional layer in a region other
than the second concavity on the electrode plate correspond-
ing to the second color (for example, 95 in the green sub-
pixel).

[0240] Furthermore, in the present Embodiment, (i) the
volume (V1a) of the first contact hole (13a) is larger than the
volume (V1b) of the second contact hole (135); and (ii) the
difference (v3a-v2a=vla) between the volume (v3a) of the
first organic functional layer (9a) that enters into the first
concavity (15a) in the electrode plate (for example, 5a) of the
first color and the volume (v2a) of a portion of the first organic
functional layer corresponding to a portion other than the first
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concavity in the electrode plate (5a) of the first color (for
example, 9a in the blue sub-pixel), the portion having the
same width (size of the upper opening S1) in plan view as the
first concavity, is larger than (iii) the difference (v3é-
v2b=v1b) between the volume (v35) of the second organic
functional layer (95) that enters into the second concavity
(15b) in the electrode plate (for example, 5b) of the second
color and the volume (v25) of a portion of the second organic
functional layer corresponding to a portion other than the
second concavity in the electrode plate (56) of the second
color (for example, 95 in the green sub-pixel), the portion
having the same width (size of the upper opening S1) in plan
view as the second concavity.

[0241] Note that the above volumes in parenthesis v1, v2,
and v3 may be the above-described corresponding volumes
v1',v2', and v3'.

[0242] In the present Embodiment, the hole transporting
layer 9a in the blue sub-pixel corresponds to the first organic
functional layer, the hole transporting layer 95 in the green
sub-pixel corresponds to the second organic functional layer,
and the hole transporting layer 9¢ in the red sub-pixel corre-
sponds to the third organic functional layer.

[0243] It may also be considered that the hole transporting
layer 9a in the blue sub-pixel corresponds to the first organic
functional layer, and the hole transporting layer 9¢ in the red
sub-pixel corresponds to the second organic functional layer.
Furthermore, it may be considered that the hole transporting
layer 95 in the green sub-pixel corresponds to the first organic
functional layer, and the hole transporting layer 9¢ in the red
sub-pixel corresponds to the second organic functional layer.

(5) The following is a consideration of a specific, numerical
example.

[0244] For example, in one sub-pixel, let the size of the
ink-spraying region on the anode plate 5 (regions shown by
reference numbers 5a-5¢ in FIG. 3A) be 300 pum long and 70
um wide, and the area of the ink-spraying region on the anode
plate 5 be $=21000 um®.

[0245] Furthermore, let the solute concentration N of the
ink for the intermediate layer be 0.02 (2 vol %) and the drop
amount of one drop of ink ejected by the inkjet be 3 pL, and
let seven drops of ink be ejected on the anode plate 5 in each
sub-pixel, so that V0, the quantity of ink that fills each ink-
spraying region, equals 21 pL (21000 um?).

[0246] If there is no concavity in the anode plate 5, the
hypothetical height HO of the ink layer on the anode plate 5 is
V0/S=1 wm (=1000 nm), and the film thickness h0 of the hole
transporting layer 9 that forms after drying is obtained by the
following equation.

h0=NxHO (41

=0.02 pm

=20nm

[0247] Theconcavity 15a corresponding to the color blue is
a circular truncated cone in which the upper radius is larger
than the lower radius. The upper radius r1 is set to 20 um, the
lower radius r2 to approximately 17.7 um, the height T to 4
wm, and the inclination angle of the side wall (inclination
angle with respect to the X-Y plane) to 60°. Accordingly, the
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volume Vla of the concavity 15q is 4468 pm® (4.468 pL), as
obtained by the following equation, with a value of 3.14 used
for m.

V1=axT(r 2+ xro+152)/3 (4-2)

[0248] As a result, the film thickness ha of the hole trans-
porting layer 9a in the blue sub-pixel is obtained by the
following equation.

ha=N(V0-V1a)/$=15.7 pnm (4-3)

[0249] The concavity 155 corresponding to the color green
is formed by an upper circular truncated cone and a lower
circular truncated cone, the upper circular truncated cone
having a larger diameter. The volumes of the two cones are
calculated separately. In the upper circular truncated cone, the
upper radius is set to 20 um, the lower radius to approximately
19.1 pm, the height to 1.5 um, and the inclination angle of the
side wall (inclination angle with respect to the X-Y plane) to
60°. In the lower circular truncated cone, the upper radius is
set to 15 pum, the lower radius to approximately 13.6 um, the
height to 1.5 pm, and the inclination angle of the side wall
(inclination angle with respect to the X-Y plane) to 60°.

[0250] The volume of the upper circular truncated cone is
1800 um> (1.800 pL.), and the volume of the lower circular
truncated cone is 1607 pm> (1.607 pL). Accordingly, the
volume V15 of the concavity 155 is 3407 um® (3.407 pL). As
aresult, the film thickness hb of the hole transporting layer 95
in the green sub-pixel is obtained by the following equation.

hb=N(V0-V15)/S=16.8 1m (4-4)

[0251] The concavity 15¢ corresponding to the color red is
also formed by an upper circular truncated cone and a lower
circular truncated cone, the upper circular truncated cone
having a larger diameter. The volumes of the two cones are
calculated separately. In the upper circular truncated cone, the
upper radius is set to 20 pum, the lower radius to approximately
19.1 pm, the height to 1.5 um, and the inclination angle of the
side wall (inclination angle with respect to the X-Y plane) to
60°. In the lower circular truncated cone, the upper radius is
set to 10 um, the lower radius to approximately 8.6 um, the
height to 2.5 pm, and the inclination angle of the side wall
(inclination angle with respect to the X-Y plane) to 60°.

[0252] The volume of the upper circular truncated cone is
1800 pm> (1.800 pL), and the volume of the lower circular
truncated cone is 680 um> (0.680 pL). Accordingly, the vol-
ume Vle of the concavity 15¢ is 2480 um? (2.480 pL). As a
result, the film thickness hc of the hole transporting layer 9¢
in the red sub-pixel is obtained by the following equation.

he=N(V0-V1¢)/S=17.6 nm (4-5)

[0253] Accordingly, the difference in film thickness Ahab
between the film thickness ha of the hole transporting layer 9a
in the blue sub-pixel and the film thickness hb of the hole
transporting layer 95 in the green sub-pixel is 1.0 nm. The
difference in film thickness Ahbe between the film thickness
hb and the film thickness hc is approximately 0.9 nm. Fur-
thermore, the difference in film thickness Ahac between the
film thickness ha and the film thickness hc is approximately
1.9 nm. In the above case, the difference in volume AV1 of the
contactholes 13 isas follows: AV1ab (the difference between
blue and green) and AV1bc (the difference between green and
red) is approximately 1000 um?> (1 pL), and AV1ac (the dif-
ference between blue and red) is approximately 2000 pm? (2
pL).
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[0254] The difference in film thickness of the hole trans-
porting layer 9 between sub-pixels of different colors can thus
be adjusted in fine increments (for example, equal to or less
than 1 nm).

[0255] On the other hand, in the comparative example,
when the number of drops of ink that are dripped into each
sub-pixel in a comparative example is increased or decreased
by one drop, the film thickness of the intermediate layer that
forms increases or decreases by 2.9 nm. Therefore, adjust-
ments to the film thickness can only be made in 2.9 nm
increments.

[0256] As described above, the method of manufacturing
the display panel 100 according to the present embodiment
allows for the difference in film thickness of the hole trans-
porting layer 9 between sub-pixels of different colors to be
finely adjusted relatively easily by adjusting the volume of the
concavities 15a, 156, and 15¢ formed in the sub-pixels of
different colors in finer increments than the volume of a drop
of ink. As a result, the film thickness of the hole transporting
layer 9 in each sub-pixel can easily be set to a value that
matches the wavelength of the luminescent color in the sub-
pixel, thus improving light takeoff efficiency.

[0257] Note that in the above calculation example, the
inclination angle (taper angle) of the side wall of the contact
hole 13 is set to 60°, but the inclination angle is not limited in
this way, and may be set to any angle. Furthermore, the
inclination angle may differ between the upper portion and
the lower portion.

[0258] The above difference in film thickness Ah is not
limited to 1 nm or 2 nm, but in response to conditions may be
set, for example, to less than 1 nm, or at least 3 nm.

[0259] Theupper radius ofthe contacthole 13 is not limited
to 20 um, but may be set to any value, for example at least 25

pm.
[0260] So as not to influence the height or shape of the
banks 8, it is preferable for the opening at the top of the
contact hole 13 to be formed in a region that is separated from
the banks 8 in plan view.

[0261] It is preferable that the difference in volume AV1
between contact holes 13 corresponding to different colors be
larger than the tolerance of the volume of the contact hole
13a. For example, if the volume of the contact hole 13a is
4500 um?, and the tolerance is 10%, it is preferable for the
difference in volume AV1ab to exceed 450 11>,

(Regarding the Size of the Upper Opening)

[0262] The following describes the size of the upper open-
ing of the contact hole 13.

[0263] In the present Embodiment, the size of the upper
opening of each of the contact holes 13a, 135, and 13c¢ is set
to be substantially equal. The size of the upper opening of the
contact holes 13 is the area of a circle defined by the diameter
ofthe contact hole 13 at a position 10% lower than the highest
position along the periphery of the contact hole 13.

[0264] FIGS. 8A, 8B, and 8C schematically show cross-
sections of the contact holes 13 (note that cross-sections of the
contact hole 13b are shown as representative examples). In
each of the figures, the shape of the periphery of the contact
hole 13 differs. The following describes how the diameter of
the contact hole 13 is defined in these cases.

[0265] InFIG. 8A, the highest position along the periphery
of the contact hole 13 is the same height as the upper surface
50 of the interlayer insulation film 3 (line O1). A position 10%
lower refers to a position that is lower by 10% of the depth P1



US 2012/0091439 Al

of the contacthole 13 (P1/10), which is represented by the line
Q1. Accordingly, in FIG. 8A, the distance between the two
points of intersection between the line Q1 and the side wall of
the contact hole 13 is the diameter 1 of the contact hole 13.
As a result, the size of the upper opening of the contact hole
13 is, for example, the area of a circle with diameter ¢1.
[0266] In FIG. 8B, the edge of the opening of the contact
hole 13 is a curve 51. In this case, the curve 51 can be
considered as forming part of the periphery ofthe contact hole
13, with the highest position along the curve 51 being the
height of the upper surface 50 of the interlayer insulation film
3. A position 10% lower refers, like Q1, to a position (Q2) that
is lower from the upper surface 50 of the interlayer insulation
film 3 by 10% of the depth P2 (P2/10). Accordingly, in FIG.
8B, the distance between the two points of intersection
between the line Q2 and the side wall of the contact hole 13 is
the diameter $2 of the contact hole 13.

[0267] In FIG. 8C, a protrusion 52 is formed next to the
contact hole 13. As shown in the figure, if the side wall 53 of
the protrusion 52 is considered to be part of the side wall of the
contact hole 13, the position of the top 54 of the protrusion 52
corresponds to the highest position along the periphery of the
contact hole 13. In this case, the depth P3 of the contact hole
13 is the distance from the top 54 of the protrusion 52 to the
bottom. A position 10% lower than the highest position there-
fore refers to a position (Q3) that is lower from the top 54 by
10% of the depth P3 (P3/10). Accordingly, in FIG. 8C, the
distance between the two points of intersection between the
line Q3 and the side wall of the contact hole 13 is the diameter
$3 of the contact hole 13.

(Regarding Optical Path Length)

[0268] FIG. 9 is a cross-section diagram schematically
showing a path of light in the organic EL element 20. FIG. 9
shows directly released light 61, which is emitted directly
from the light-emitting layer 10 towards the cathode layer 11,
and reflected light 62, which is released after being reflected
at the anode plate 5. Note that in FIG. 9, the anode plate 5 is
shown divided into a metal layer 63 and a transparent elec-
trode layer 64 (1Z0). In this case, the reflective surface of the
anode plate 5 is the main surface of the metal layer 63 at the
side of the transparent electrode layer 64.

[0269] In FIG. 9, the resonance condition of light in the
organic EL element 20 can be optimized for the optical path
length of, for example, the hole transporting layer 9, hole-
injection layer 7, and transparent electrode layer 64. This
structure is referred to as a cavity, or a cavity structure.
[0270] In the present Embodiment, the difference in path
length may be adjusted either by changing only the film
thickness of the hole transporting layer 9, or by additionally
adjusting the film thickness of the hole-injection layer 7, the
transparent electrode layer 64, etc.

[0271] The following is a simple description of a method
for determining the difference in volume between contact
holes. For example, a prototype of an organic EL display
panel is manufactured, and in order to optimize the resonance
condition of light for each color, it is determined how to
change the difference in film thickness between the organic
functional layer of each color, or whether to change the over-
all film thickness while maintaining the difference in film
thickness between organic functional layers. An organic EL
display panel is then manufactured under the same conditions
(ink spraying conditions) as the prototype, changing the vol-
ume of the contact holes. The resonance conditions of light in
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the organic EL elements are thus optimized, yielding an
organic EL display panel with high luminous efficiency.

<Modification 1>

[0272] Inthe above Embodiment, the contactholes 135 and
13¢ have an upper portion and a lower portion, the lower
portion having a different upper radius. Alternatively, the
volume of the contact hole 13 may be varied by changing the
depth of the upper portion and the lower portion.

[0273] FIG. 10 is a cross-section diagram schematically
showing portions of FIG. 3B corresponding to the contact
holes 135 and 13c¢. In this figure, instead of the contact hole
1356 as in the above Embodiment, a contact hole 134 is
formed. The contact hole 13¢ is the same as in FIG. 3B.
[0274] In the contact hole 13d of the present Modification,
the upper portion that is above the step surface 144 is deeper
than the upper portion of contact hole 13¢. As a result, the
volume of the contact hole 134 is less than the volume of the
contact hole 13a and larger than the volume of the contact
hole 13¢.

[0275] The following describes a multi-tone pattern mask
used during exposure to form the contactholes 13¢ and 134 of
the present Modification.

[0276] A multi-tone mask 70 is formed by transparent por-
tions 71 and 72 that let light pass through, a first semi-trans-
parent portion 73 with a low degree of transparency, a second
semi-transparent portion 74 with a lower degree of transpar-
ency than the first semi-transparent portion 73, and a light
blocking portion 75 that blocks light. The transparent portion
71 and first semi-transparent portion 73 correspond to the
contact hole 13d, and the transparent portion 72 and second
semi-transparent portion 74 correspond to the contact hole
13c.

[0277] The planar shapes (shapes of the openings in plan
view ) of the transparent portions 71 and 72 are approximately
the same as the bottom shapes (354, 35¢) of the contact holes
13d and 13¢. The peripheral outline of the planar shape ofthe
first semi-transparent portion 73 is approximately the same as
the bottom shape of the upper portion of the contact hole 134
(shape of the step surface 14d). Similarly, the peripheral
outline of the planar shape of the second semi-transparent
portion 74 is approximately the same as the bottom shape of
the upper portion of the contact hole 13¢ (shape of the step
surface 14c).

[0278] Light that passes through the first semi-transparent
portion 73 is brighter than light that passes through the second
semi-transparent portion 74. A deeper portion of the resist
film 26 (see FIG. 5A) is therefore exposed, resulting in a
deeper upper portion of the contact hole 13d.

[0279] In the present Modification, the upper depths (d2,
dd) and lower depths (d1, d3) differ between contact holes 13.
By decreasing the upper depths (d2, d4), the volume of the
contact hole 13 may be decreased.

[0280] In this Modification, the bottom radii r1 and r3 are
setto be equivalent in the contact holes 13d and 13¢. When the
bottom radii (r1, r3) are thus set to be equivalent in the contact
holes 13, the contact area between each of the anode plates 5
and each of the SD electrodes 22 is equivalent.

[0281] Note that the bottom radii (12, r4) of the upper por-
tions are determined by the inclination angle of the side wall
and by the diameter of the circle that defines the size of the
upper opening.

[0282] Furthermore, the upper depths (d2, d4) and lower
depths (d1, d3) as well as the bottom radii (rl, r3) may be
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varied between the contact holes 13. The inclination angle of
the side wall may also be varied.

[0283] Furthermore, while in the Embodiment and Modi-
fication 1, the contact holes 135, 13¢, and 13d are divided into
an upper and lower portion with one step surface 14, the
contact holes may have a plurality of step surfaces and thus be
divided into three or more portions.

<Modification 2>

[0284] In the Embodiment and Modification 1, the differ-
ence in film thickness between the hole transporting layers 9
is finely adjusted by changing the volume of the contact hole
13 corresponding to each color, but the difference in film
thickness between the light-emitting layers 10, which are an
example of an organic functional layer, may also be finely
adjusted.

[0285] In the present Modification, a difference in volume
between the contact holes 134, 135, and 13¢ leads to a differ-
ence in film thickness between the light-emitting layers 10a,
104, and 10c¢ of the sub-pixels of different colors. As a result,
it is easier to achieve appropriate luminance and chromaticity
for the light-emitting layer 10 of each color. The resonance
conditions of light in the organic EL, element 20 are also
appropriately adjusted, thus improving light takeoff effi-
ciency. Note that the number of drops of ink, which includes
organic light-emitting material, that are sprayed in the sub-
pixel of each color may first be varied, and then the difference
in film thickness may further be finely adjusted by a differ-
ence in volume between the contact holes 13.

[0286] Inthe present modification, hole transporting layers
may be formed by the vacuum deposition method or the
sputtering method. The hole transporting layers may also be
formed by the inkjet method, or the hole transporting layers
may be omitted.

[0287] When forming hole-injection layers by the inkjet
method, the difference in the film thickness thereof may be
finely adjusted. In this case, an organic material such as
PEDOT-PSS, an aromatic amine series high-polymer mate-
rial, polyphenylene vinylene, etc. may be used as the material
for the hole-injection layer.

[Other]
1. Example of Structure of Display Device

[0288] FIG. 11 shows the structure of a display device 200
provided with the display panel 100.

[0289] FIG. 12 is an appearance profile of an example of a
television system that includes the display device 200.

[0290] The display device 200 includes an organic EL dis-
play panel 100 and a drive control unit 120 connected thereto.
The drive control unit 120 is composed of four drive circuits
121-124 and a control circuit 125. A power supply unit, not
shown in the figures, supplies the drive control unit 120 with
power.

[0291] TheTFT layer 2 is provided with signal wiring lines
corresponding to each column and scanning wiring lines cor-
responding to each row of the matrix of organic EL elements
20. The signal wiring lines extend in the direction of the Y
axis, are connected to each least one of the drive circuit 121
and the drive circuit 122, and are connected to the TFTs of the
organic EL elements 20 in each column. The scanning wiring
lines extend in the direction of the X axis, are connected to
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each least one of the drive circuit 123 and the drive circuit
124, and are connected to the TEFTs of the organic EL ele-
ments 20 in each row.

2. Inthe above Embodiment and Modifications, structures are
adopted by way of example in order to clearly illustrate a
structure of the present invention and the effects and advan-
tages thereof. Except for its essential elements, the present
invention is not limited to the above structures. For example,
in the above Embodiment, as shown in FIG. 1, a structure is
adopted by way of example in which anode plates 5 are
located below the light-emitting layer 10 in the direction of
the Z axis. The present invention is not limited, however, to
this structure; a structure may be adopted in which cathodes
are located below the organic light-emitting layer 10 in the
direction of the Z axis.

3. In the above Embodiment and Modifications, a top-emis-
sion structure may be adopted, wherein the anode plates 5 are
a reflective metal, and the cathode layer 11 a transparent or
semi-transparent metal. Alternatively, a bottom-emission
structure may be adopted, wherein the anode plates 5 are a
transparent or semi-transparent metal, and the cathode layer
11 a reflective metal.

4. In the above Embodiment and Modifications, use of active
matrix driving with the TFT layer 2 on the substrate is
assumed, but the present invention is also applicable to pas-
sive matrix driving. In this case, no TFT layer is necessary,
and current can be provided to the organic light-emitting layer
by driving lines that drive the organic light-emitting layer.

5. In the above Embodiment and Modifications, the pixel
defining layer 6 is formed between the anode plate 5 and the
hole-injection layer 7, but alternatively the pixel defining
layer 6 may be formed above the hole-injection layer 7.

6. The above Embodiment describes an example in which the
hole transporting layer is formed on the anode plate 5 as an
intermediate layer by the wet method. However, when a hole-
injection layer, or a hole injection and transporting layer, is
formed as an intermediate layer by the wet method, the film
thickness of the intermediate layer may similarly be finely
adjusted to efficiently yield light of each luminescent color.
7. In the above Embodiment and Modifications, when the
hole transporting layer 9 and the light-emitting layer 10 are
both sprayed by the inkjet method, the difference in film
thickness between sub-pixels of different colors may be
adjusted by adjusting both the hole transporting layer 9 and
the light-emitting layer 10.

INDUSTRIAL APPLICABILITY

[0292] The organic EL display panel according to the
present invention can be used as a display in electronic
devices such as cellular phones, televisions, etc.

REFERENCE SIGNS LIST

[0293] 1 substrate

[0294] 2 TFT layer

[0295] 3 interlayer insulation film
[0296] 5 (5a-5¢) anode plate

[0297] 6 pixel defining layer

[0298] 7 (7a-7c) hole injection layer
[0299] 8 (8a-8¢) banks

[0300] 9 (9a-9¢) intermediate layer
[0301] 10 (10a-10c) organic light-emitting layer
[0302] 11 cathode layer

[0303] 13 (13a-13c¢) contact hole
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[0304] 14 step surface

[0305] 15 (15a-15¢) concavity

[0306] 204-20c organic EL elements

[0307] 22 SD electrode

[0308] 23 (23a-23c) concavity

[0309] 100 display panel
1. An organic EL display panel comprising:
a TFT layer;

an interlayer insulation film provided above the TFT layer;

a first electrode plate group formed in a line on the inter-
layer insulation film and including a plurality of first
electrode plates corresponding to a first color;

a second electrode plate group formed in a line on the
interlayer insulation film adjacent to the first electrode
plate group and including a plurality of second electrode
plates corresponding to a second color;

a first bank along a longitudinal first edge of the first elec-
trode plate group;

a second bank between a longitudinal second edge of the
first electrode plate group and a longitudinal first edge of
the second electrode plate group;

athird bank along a longitudinal second edge of the second
electrode plate group;

a first organic functional layer between the first bank and
the second bank and above the first electrode plate
group;

asecond organic functional layer between the second bank
and the third bank and above the second electrode plate
group; and

a counter electrode disposed to cover both the first organic
functional layer and the second organic functional layer,
wherein

the interlayer insulation film is provided with first contact
holes, each connecting one of the first electrode plates
with the TFT layer, and second contact holes, each con-
necting one of the second electrode plates with the TFT
layer,

each of'the first electrode plates has a first concavity shaped
in conformity with one of the first contact holes, and
each of the second electrode plates has a second concav-
ity shaped in conformity with one of the second contact
holes,

at least one of (i) all the first contact holes and (ii) all the
second contact holes are shaped to become narrower in
a stepwise manner,

any of the first contact holes has a larger volume than any
of the second contact holes,

the volume of a portion of the first organic functional layer
above any of the first electrode plates is equal to, or an
approximation of, the volume of'a portion of the second
organic functional layer above any of the second elec-
trode plates, and an amount of the first organic func-
tional layer that has entered into the first concavity is
larger than an amount of the second organic functional
layer that has entered into the second concavity, so that
a film thickness of the first organic functional layer in a
region other than the first concavity in any of the first
electrode plates is less than a film thickness of the second
organic functional layer in aregion other than the second
concavity in any of the second electrode plates.

2. The organic EL display panel of claim 1, wherein a size
of an upper opening of each of the first contact holes is equal
to, or an approximation of; a size of an upper opening of each
of the second contact holes.
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3. The organic EL display panel of claim 2, wherein the size
of the upper opening of any contacthole is the area of a circle
defined by a diameter of the contact hole at a position 10%, or
an approximation of 10%, lower than a height of a highest
position of the interlayer insulation film along a periphery of
the contact hole.

4. The organic EL display panel of claim 1, further com-
prising:

a first pixel defining layer covering the first concavity, the
first organic functional layer being formed above the
first pixel defining layer; and

a second pixel defining layer covering the second concav-
ity, the second organic functional layer being formed
above the second pixel defining layer.

5. The organic EL display panel of claim 1, wherein

the first organic functional layer is continuous above the
first electrode plate group due to ink drops of a prede-
termined volume being sprayed via an inkjet method,

the second organic functional layer is continuous above the
second electrode plate group due to ink drops of the
predetermined volume, or an approximation of the pre-
determined volume, being sprayed via the inkjet
method, and the volume of the portion of the first organic
functional layer above any of the first electrode plates is
equal to, or an approximation of, the volume of the
portion of the second organic functional layer above any
of the second electrode plates.

6. The organic EL display panel of claim 5, wherein a
difference between the film thickness of the first organic
functional layer and the film thickness of the second organic
functional layer is larger than an additional film thickness of
the first organic functional layer when a number of ink drops
of the predetermined volume sprayed on each of the first
electrode plates via the inkjet method is increased by n drops,
and smaller than an additional film thickness of the first
organic functional layer when the number of ink drops is
increased by n+1 drops.

7. The organic EL display panel of claim 1, wherein the first
color is blue.

8. The organic EL display panel of claim 1, further com-
prising a third electrode plate group adjacent to the second
electrode plate group and including a plurality of third elec-
trode plates corresponding to a third color and arranged in a
line;

a fourth bank along a longitudinal edge of the third elec-
trode plate group opposite the second electrode plate
group; and

a third organic functional layer between the third bank and
the fourth bank and above the third electrode plate
group; wherein

the counter electrode is provided above the third organic
functional layer,

the interlayer insulation film is provided with third contact
holes, each connecting one of the third electrode plates
with the TFT layer,

each of the third electrode plates has a third concavity
shaped in conformity with one of the third contact holes,

the third contact holes are shaped to become narrower in a
stepwise manner, any of the first contact holes has a
larger volume than any of the third contact holes,

the volume of a portion of the first organic functional layer
above any of the first electrode plates is equal to, or an
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approximation of, the volume of a portion of the third
organic functional layer above any of the third electrode
plates, and

an amount of the first organic functional layer that has
entered into the first concavity is larger than an amount
of the third organic functional layer that has entered into
the third concavity, so that a film thickness of the first
organic functional layer in a region other than the first
concavity in any of the first electrode plates is less than
a film thickness of the third organic functional layer in a
region other than the third concavity in any of the third
electrode plates.

9. The organic EL display panel of claim 8, wherein

asize ofanupper opening of each of the first contact holes,
a size of an upper opening of each of the second contact
holes, and a size of an upper opening of each of the third
contact holes are equal to, or an approximation of, each
other.

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

the size of the upper opening of any contact hole is the area
of a circle defined by a diameter of the contact hole at a
position 10% lower than a height of a highest position of
the interlayer insulation film along a periphery of the
contact hole.

11. The organic EL display panel of claim 1, wherein

the first organic functional layer and the second organic
functional layer are both one of a charge injection layer
and a charge transport layer,

a first organic light-emitting layer is formed between the
first organic functional layer and the counter electrode,
and

asecond organic light-emitting layer is formed between the
second organic functional layer and the counter elec-
trode.

12. The organic EL display panel of claim 8, wherein

the first organic functional layer, the second organic func-
tional layer, and the third organic functional layer are all
one of a charge injection layer and a charge transport
layer,

a first organic light-emitting layer is formed between the
first organic functional layer and the counter electrode,

asecond organic light-emitting layer is formed between the
second organic functional layer and the counter elec-
trode, and

a third organic light-emitting layer is formed between the
third organic functional layer and the counter electrode.

13. The organic EL display panel of claim 1, wherein

the first organic functional layer and the second organic
functional layer are each an organic light-emitting layer.

14. The organic EL display panel of claim 8, wherein

the first organic functional layer, the second organic func-
tional layer, and the third organic functional layer are
each an organic light-emitting layer.

15. The organic EL display panel of claim 1, wherein

the electrode plates are anodes, and the counter electrode is
a cathode.

16. The organic EL display panel of claim 1, wherein

the electrode plates are cathodes, and the counter electrode
is an anode.

17. A display device comprising the organic EL display

panel of claim 1.

18. A method of manufacturing an organic EL display

panel comprising the steps of:
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a first step of preparing a substrate;

a second step of forming a TFT layer on the substrate;

a third step of forming an interlayer insulation film on the
TFT layer;

a fourth step of forming, on the interlayer insulation film, a
first electrode plate group including a plurality of first
electrode plates corresponding to a first color and
arranged in a line and a second electrode plate group
including a plurality of second electrode plates corre-
sponding to a second color and arranged in a line;

a fifth step of forming a first bank along a longitudinal first
edge of the first electrode plate group, a second bank
between a longitudinal second edge of the first electrode
plate group and a longitudinal first edge of the second
electrode plate group, and a third bank along a longitu-
dinal second edge of the second electrode plate group;

asixth step of forming a continuous first organic functional
layer between the first bank and the second bank and
above the first electrode plate group;

a seventh step of forming a continuous second organic
functional layer between the second bank and the third
bank and above the second electrode plate group; and

an eighth step of forming a counter electrode to cover both
the first organic functional layer and the second organic
functional layer, wherein

in the third step, the interlayer insulation film is provided
with first contact holes, each connecting one of the first
electrode plates with the TFT layer, and second contact
holes, each connecting one of the second electrode
plates with the TFT layer, at least one of (i) all the first
contact holes and (ii) all the second contact holes being
shaped to become narrower in a stepwise manner, and
any of the first contact holes having a larger volume than
any of the second contact holes,

in the fourth step, each of the first electrode plates is formed
to have a first concavity shaped in conformity with one
of the first contact holes, and each of the second elec-
trode plates is formed to have a second concavity shaped
in conformity with one of the second contact holes, and

in the first organic functional layer formed in the sixth step
and the second organic functional layer formed in the
seventh step,

the volume of a portion of the first organic functional layer
above any of the first electrode plates is equal to, or an
approximation of, the volume of'a portion of the second
organic functional layer above any of the second elec-
trode plates, and

an amount of the first organic functional layer that has
entered into the first concavity is larger than an amount
of the second organic functional layer that has entered
into the second concavity, so that a film thickness of the
first organic functional layer in a region other than the
first concavity in any of the first electrode plates is less
than a film thickness of the second organic functional
layer in a region other than the second concavity in any
of the second electrode plates.

19. The method of manufacturing an organic EL display
panel of claim 18, wherein a size of an upper opening of each
of the first contact holes is formed equal to, or an approxima-
tion of, a size of an upper opening of each of the second
contact holes.

20. The method of manufacturing an organic EL display
panel of claim 18, further comprising, between the fourth step
and the fifth step, an additional step of:
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23
forming a first pixel defining layer to cover the first con- a fifth step of forming a first bank along a longitudinal first
cavity, and a second pixel defining layer to cover the edge of the first electrode plate group, a second bank
second concavity, wherein between a longitudinal second edge of the first electrode
in the sixth step, the first organic functional layer is formed plate group and a longitudinal first edge of the second
above the first pixel defining layer, and electrode plate group, a third bank between a longitudi-

nal second edge of the second electrode plate group and
a longitudinal first edge of the third electrode plate
group, and a fourth bank along a longitudinal second
edge of the third electrode plate group;

in the seventh step, the second organic functional layer is
formed above the second pixel defining layer.

21. The method of manufacturing an organic EL display

panel of claim 18, wherein ) ] ] . .
asixth step of forming a continuous first organic functional

layer between the first bank and the second bank and
above the first electrode plate group;

in the sixth step, the first organic functional layer is formed
to be continuous above the first electrode plate group due
to ink drops of a predetermined volume being sprayed

via an inkjet method, and a seventh step of foaming a continuous second organic
)

functional layer between the second bank and the third

in the seventh step, the second organic functional layer is bank and above the second electrode plate group;

formed to be continuous above the second electrode
plate group due to ink drops of the predetermined vol-
ume, or an approximation of the predetermined volume,
being sprayed via the inkjet method.

an eighth step of forming a continuous third organic func-
tional layer between the third bank and the fourth bank
and above the third electrode plate group; and

a ninth step of forming a counter electrode disposed to
cover the first organic functional layer, the second
organic functional layer, and the third organic functional
layer, wherein

22. The method of manufacturing an organic EL display
panel of claim 21, wherein

a difference between the film thickness of the first organic
functional layer and the film thickness of the second

organic functional layer is larger than an increase in the in the third step, the interlayer insulation film is provided

film thickness of the first organic functional layer when
a number of ink drops of the predetermined volume
sprayed on each of the first electrode plates via the inkjet
method is increased by n drops, and smaller than the
increase in the film thickness of the first organic func-
tional layer when the number of ink drops is increased by
n+1 drops.

23. The method of manufacturing an organic EL display
panel of claim 18, wherein

the first organic functional layer and the second organic
functional layer are both one of a charge injection layer
and a charge transport layer,

a first organic light-emitting layer is formed between the
first organic functional layer and the counter electrode,
and

asecond organic light-emitting layer is formed between the
second organic functional layer and the counter elec-
trode.

24. The method of manufacturing an organic EL display
panel of claim 18, wherein

the first organic functional layer and the second organic
functional layer are each an organic light-emitting layer.

25. A method of manufacturing an organic EL display
panel comprising the steps of:

a first step of preparing a substrate;
a second step of forming a TFT layer on the substrate;

a third step of forming an interlayer insulation film on the
TFT layer;

a fourth step of forming, on the interlayer insulation film, a
first electrode plate group including a plurality of first
electrode plates corresponding to a first color and
arranged in a line, a second electrode plate group includ-
ing a plurality of second electrode plates corresponding
to a second color and arranged in a line, and a third
electrode plate group including a plurality of third elec-
trode plates corresponding to a third color and arranged
in a line;

with first contact holes, each connecting one of the first
electrode plates with the TFT layer, second contact
holes, each connecting one of the second electrode
plates with the TFT layer, and third contact holes, each
connecting one of the third electrode plates with the TFT
layer, at least two of (i) all the first contact holes, (ii) all
the second contact holes, and (iii) all the third contact
holes being shaped to become narrower in a stepwise
manner, and any of the first contact holes having a larger
volume than any of the second contact holes and any of
the third contact holes,

inthe fourth step, each of the first electrode plates is formed

to have a first concavity shaped in conformity with one
of the first contact holes, each of the second electrode
plates is formed to have a second concavity shaped in
conformity with one of the second contact holes, and
each of'the third electrode plates is formed to have a third
concavity shaped in conformity with one of the third
contact holes, and

in the first organic functional layer formed in the sixth step,

the second organic functional layer formed in the sev-
enth step, and the third organic functional layer formed
in the eighth step,

the volume of a portion of the first organic functional
layer above any of the first electrode plates is equal to,
or an approximation of, the volume ofa portion of the
second organic functional layer above any of the sec-
ond electrode plates and the volume ofa portion of the
third organic functional layer above any of the third
electrode plates, and

an amount of the first organic functional layer that has
entered into the first concavity is larger than both an
amount of the second organic functional layer thathas
entered into the second concavity and an amount of
the third organic functional layer that has entered into
the third concavity, so that a film thickness of the first
organic functional layer in a region other than the first
concavity in any of the first electrode plates is less
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than both a film thickness of the second organic func- region other than the third concavity in any ofthe third
tional layer in a region other than the second concav- electrode plates.

ity in any of the second electrode plates and a film

thickness of the third organic functional layer in a *oOR R OEOE
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