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ORGANIC EL DISPLAY PANEL AND
METHOD OF MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT Applica-
tion No. PCT/JP2010/004372 filed Jul. 5, 2010, designating
the United States of America, the disclosure of which, includ-
ing the specification, drawings and claims, is incorporated
herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to luminescent display
panels containing light-emitting elements and to a method of
manufacturing the same, and in particular to organic elec-
troluminescence (hereinafter, “organic EL”) display panels
containing a matrix of organic EL elements.

DESCRIPTION OF THE RELATED ART

[0003] Inrecent years, organic EL display panels that have
a plurality of organic EL elements in rows above a substrate
have been commercialized as small electronic displays. Each
organic EL element is a light-emitting element with the fol-
lowing basic structure. A light-emitting layer that includes
organic light emitting material is disposed between a pair of
electrodes, i.e. an anode and a cathode. When driven, voltage
is impressed between a pair of electrodes, and holes injected
into the light-emitting layer from the anode recombine with
electrons injected into the light-emitting layer from the cath-
ode. The organic EL element is driven by the current pro-
duced during this recombination.

[0004] Since each organic EL element in the organic EL
display panel emits light, the light from the display panel is
highly visible. Furthermore, each organic EL element is a
complete solid state device and thus has excellent impact
resistance.

[0005] In an organic EL display panel, typically a light-
emitting layer is partitioned in each 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, organic layers are provided as nec-
essary, such as a hole-injection layer, hole transporting layer,
or hole injection and transporting layer. An electron injection
layer, electron transport layer, or electron injection and trans-
porting layer may also be provided between the cathode and
the light-emitting layer as necessary.

[0006] 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.

[0007] In order to form the light-emitting layer or charge
injection layer in each organic EL element, banks are formed
on the substrate to partition adjacent organic EL. elements.
Subsequently, an inkjet or other wet method is generally used
to spray ink containing high-polymer material or small mol-
ecules that are suitable for thin-film formation. With such a
wet method, it is relatively easy to form the organic layer or
light-emitting layer even in large panels.

[0008] In atypical inkjet method (see Patent Literature 1),
the substrate on which ink is to be sprayed is first placed on a
work table. While inkjet heads are moved across the substrate
in any direction of the matrix of elements therein, drops of a
solution (hereinafter simply “ink™) are ejected through each
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nozzle into the region for forming each element as defined by
the banks on the substrate. The ink contains organic material
and solvent that are for forming the organic layer, light-
emitting layer, etc.

[0009] The ink that is typically used for forming the light-
emitting layer differs by color. The ink used for forming the
organic layer, however, is the same for all colors.

[0010] When manufacturing an organic EL panel in this
way, itis generally necessary to ensure that the characteristics
of organic EL elements of the same color are uniform. There-
fore, when spraying ink via the inkjet method by providing
each pixel with drops of ink from the nozzle, the same number
of'drops ofink is ejected into each element. Ink is thus ejected
uniformly into the region for forming each element, which
ensures that the film thickness of the organic layer is the same
in all of the regions for forming elements of the same color,
and that the film thickness of the light-emitting layer is also
the same in all such regions.

[0011] 3. Patent Literature

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

SUMMARY OF THE INVENTION

[0012] The film thickness of the organic layer that improves
luminous efficiency of each organic EL element depends on
the wavelength of the luminescent color.

[0013] In other words, the wavelengths of red, green, and
blue light differ, causing the optimal path length (resonance
condition) inside each organic EL element to differ. There-
fore, in order to improve luminous efficiency, it is preferable
to finely adjust the film thickness of the organic layer in the
sub-pixel of each luminescent color to match the wavelength
of'the color.

[0014] When the wet method is used to actually form the
organic layer, however, it is difficult to finely adjust the film
thickness of the organic layer in the sub-pixel of each color.
Specifically, as described above the ink that includes material
for the organic layer is set to be the same for all colors, and the
amount of ink provided to each sub-pixel for forming the
organic layer is set to be constant. For example, when spray-
ing ink for the organic layer by the inkjet method, the number
of'drops ofink ejected into the regions for forming 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
constant. It is plausible to adjust the film thickness of the
organic layer 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 thick-
ness of the organic layer in the sub-pixel of each color.
[0015] The present invention has been conceived in light of
the above problems, and it is an object thereof to make it easy
to finely adjust the film thickness of the organic layer for each
luminescent color in an organic EL display panel when form-
ing the organic layer via the wet method, and to provide an
organic EL display panel that therefore has excellent lumi-
nous efficiency.

[0016] Inorder to solve the above problems, an organic EL.
display panel according to an aspect of the present invention
comprises: a first electrode plate group including a plurality
of first electrode plates that correspond to a first color and are
arranged in a line; a second electrode plate group including a
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plurality of second electrode plates that correspond to a sec-
ond color and are arranged in a line adjacent to the first
electrode plate group; a first bank along an edge of the first
electrode plate group opposite the second electrode plate
group; a second bank between the first electrode plate group
and the second electrode plate group along respective edges
thereof; a third bank along an edge of the second electrode
plate group opposite the first 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 each of the first electrode plates and each of the
second electrode plates includes one or more concavities, the
total volume of the one or more concavities in any of the first
electrode plates is larger than the total volume of the one or
more concavities in any of the second electrode plates, the
volume of a portion of the first organic functional layer cor-
responding to any of the first electrode plates is equal to, or an
approximation of, the volume of the second organic func-
tional layer corresponding to any of the second electrode
plates, and a portion of the first organic functional layer that
has entered into the one or more concavities in any of the first
electrode plates is larger than a portion of the second organic
functional layer that has entered into the one or more con-
cavities in any of the second electrode plates, so that in loca-
tions other than the one or more concavities in the first elec-
trode plates and the second electrode plates, the first organic
functional layer is thinner than the second organic functional
layer.

[0017] Alternatively, a concavity may be provided on each
first electrode plate, the volume of the first organic functional
layer on each first electrode plate may be equal to, or an
approximation of, the volume of the second organic func-
tional layer on each second electrode plate, and a portion of
the first organic functional layer may have entered into the
concavity in each of the first electrode plates, so that in loca-
tions other than the concavity, the first organic functional
layer is thinner than the second organic functional layer on the
second electrode plates.

[0018] Inthiscontext, stating that the volume ofa portion of
the first organic functional layer on any first electrode plate is
“equal to, or an approximation of,” the volume of a portion of
the second organic functional layer on any second electrode
plate refers to the volume of the first organic functional layer
and the volume of the second organic functional layer being
substantially equal. Numerically speaking, the difference in
volume between the first and second organic functional layers
is within a range of 5%, inclusive, of the volume of the first
organic functional layer.

[0019] A method of manufacturing an organic EL display
panel according to another aspect of the present invention
comprises the steps of: a first step of forming a first electrode
plate group including a plurality of first electrode plates that
correspond to a first color and are arranged in a line; a second
step of forming a second electrode plate group including a
plurality of second electrode plates that correspond to a sec-
ond color and are arranged in a line adjacent to the first
electrode plate group; a third step of forming a first bank
along an edge of the first electrode plate group opposite the
second electrode plate group; a fourth step of forming a
second bank between the first electrode plate group and the
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second electrode plate group along respective edges thereof;
a fifth step of forming a third bank along an edge of the second
electrode plate group opposite the first electrode plate group;
asixth step of forming a 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 second organic func-
tional 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 disposed to cover both the first
organic functional layer and the second organic functional
layer, wherein the first step includes forming one or more
concavities on each of the first electrode plates, the second
step includes forming one or more concavities on each of the
second electrode plates, the total volume of the one or more
concavities in any of the first electrode plates is larger than the
total volume of the one or more concavities in any of the
second electrode plates, the volume of a portion of the first
organic functional layer corresponding to any of the first
electrode plates is equal to, or an approximation of, the vol-
ume of the second organic functional layer corresponding to
any of the second electrode plates, and a portion of the first
organic functional layer that enters into the one or more
concavities in any of the first electrode plates is larger than a
portion of the second organic functional layer that enters into
the one or more concavities in any of the second electrode
plates, so that in locations other than the one or more con-
cavities in the first electrode plates and the second electrode
plates, the first organic functional layer is thinner than the
second organic functional layer.

[0020] Alternatively, in the first step, a concavity may be
provided on each first electrode plate, the volume of the first
organic functional layer formed in the sixth step may be equal
to, or an approximation of, the volume of the second organic
functional layer formed in the seventh step, and a portion of
the first organic functional layer may enter into the concavity
in each of the first electrode plates, so that in locations other
than the concavity, the first organic functional layer is formed
thinner than the second organic functional layer on the second
electrode plates.

[0021] Inthe above aspects, the volume of the one or more
concavities formed in each first electrode plate is changed. As
a result, when the first organic functional layer is formed on
each first electrode plate by the wet method, the amount ofink
entering the corresponding concavities changes, thereby
changing the film thickness of the first organic functional
layer in locations of the first electrode plate other than the one
or more concavities. Similarly, the volume of the one or more
concavities formed in each second electrode plate is changed
so that, when the second organic functional layer is formed on
each second electrode plate by the wet method, the amount of
ink entering the corresponding concavities changes, thereby
changing the film thickness of the second organic functional
layer in locations of the second electrode plate other than the
one or more concavities.

[0022] The volume of the one or more concavities formed
on each first electrode plate and second electrode plate can be
adjusted in finer increments than the volume of one drop of
ink ejected by the nozzle.

[0023] Accordingly, by finely adjusting the volume of the
one or more concavities in the first electrode plate and the
second electrode plate, it is easy to finely adjust both the film
thickness of the first organic functional layer in locations of
the first electrode plate other than the one or more concavities
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and the film thickness of the second organic functional layer
in locations of the second electrode plate other than the one or
more concavities.

[0024] Itis therefore easy to finely adjust the film thickness
of'the organic layer in the sub-pixel of each luminescent color
to match the wavelength of the color, making it easy to manu-
facture alight-emitting display panel with excellent luminous
efficiency. Improving luminous efficiency also contributes to
reducing power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a cross-section diagram schematically
showing the structure of a display panel 100 according to
Embodiment 1;

[0026] FIG.2isaperspective view showing the structure of
the display panel 100;

[0027] FIG. 3A is a plan view showing the structure of the
display panel 100, FIG. 3B is a cross-section diagram from A
to Ain FIG. 3A, and FIG. 3C is a cross-section diagram from
B to B in FIG. 3A;

[0028] FIGS. 4A-4G are an overall illustration of a method
of manufacturing the display panel 100;

[0029] FIG. 5 is a schematic cross-section diagram show-
ing conditions immediately after spraying ink for forming an
organic layer on a substrate;

[0030] FIG. 6 is a plan view and a cross-section diagram
schematically showing the structure of a display panel 100
according to Embodiment 2;

[0031] FIGS. 7A and 7B are schematic diagrams respec-
tively showing the shapes of concavities 15a and of concavi-
ties 156 and 15¢ according to Embodiment 2;

[0032] FIG. 8 is a plan view and a cross-section diagram
schematically showing the structure of a display panel 100
according to Embodiment 3;

[0033] FIG. 9 is a cross-section diagram schematically
showing a display panel 100 according to Embodiment 4 and
a manufacturing process thereof;

[0034] FIG.10isa diagram showing the overall structure of
a display device 200 according to the Embodiments; and
[0035] FIG. 11 is an appearance profile of an example of a
television system that includes the display device 200.

DETAILED DESCRIPTION OF EMBODIMENTS

<Aspects of the Invention>

[0036] An organic EL display panel according to an aspect
of the present invention comprises: a first electrode plate
group including a plurality of first electrode plates that cor-
respond to a first color and are arranged in a line; a second
electrode plate group including a plurality of second elec-
trode plates that correspond to a second color and are
arranged in a line adjacent to the first electrode plate group; a
first bank along an edge of the first electrode plate group
opposite the second electrode plate group; a second bank
between the first electrode plate group and the second elec-
trode plate group along respective edges thereof; a third bank
along an edge of the second electrode plate group opposite the
first 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 dis-
posed to cover both the first organic functional layer and the
second organic functional layer, wherein each of the first
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electrode plates and each of the second electrode plates
includes one or more concavities, the total volume of the one
or more concavities in any of the first electrode plates is larger
than the total volume of the one or more concavities in any of
the second electrode plates, the volume of a portion of the first
organic functional layer corresponding to any of the first
electrode plates is equal to, or an approximation of, the vol-
ume of the second organic functional layer corresponding to
any of the second electrode plates, and a portion of the first
organic functional layer that has entered into the one or more
concavities in any of the first electrode plates is larger than a
portion of the second organic functional layer that has entered
into the one or more concavities in any of the second electrode
plates, so that in locations other than the one or more con-
cavities in the first electrode plates and the second electrode
plates, the first organic functional layer is thinner than the
second organic functional layer.

[0037] According to the above structure, by finely adjusting
the volume of the one or more concavities in the first electrode
plate and the second electrode plate, it becomes easy to finely
adjust both the film thickness of the first organic functional
layer in locations of the first electrode plate other than the one
or more concavities and the film thickness of the second
organic functional layer in locations of the second electrode
plate other than the one or more concavities. Therefore, it is
easy to finely adjust the film thickness of the organic layer to
match the wavelength of each luminescent color, which con-
tributes to manufacturing a light-emitting display panel with
excellent light-emitting characteristics.

[0038] In the method of manufacturing an organic EL dis-
play panel according to another aspect of the present inven-
tion, the first step includes forming one or more concavities
on each of the first electrode plates; the second step includes
forming one or more concavities on each of the second elec-
trode plates; the total volume of the one or more concavities
in any of the first electrode plates is larger than the total
volume of the one or more concavities in any of the second
electrode plates, the volume of a portion of the first organic
functional layer corresponding to any of the first electrode
plates is equal to, or an approximation of, the volume of the
second organic functional layer corresponding to any of the
second electrode plates, and a portion of the first organic
functional layer that enters into the one or more concavities in
any of the first electrode plates is larger than a portion of the
second organic functional layer that enters into the one or
more concavities in any of the second electrode plates, so that
in locations other than the one or more concavities in the first
electrode plates and the second electrode plates, the first
organic functional layer is thinner than the second organic
functional layer.

[0039] According to the above structure, by finely adjusting
the volume of the one or more concavities in the first electrode
plate and the second electrode plate, it becomes easy to finely
adjust both the film thickness of the first organic functional
layer in locations of the first electrode plate other than the one
or more concavities and the film thickness of the second
organic functional layer in locations of the second electrode
plate other than the one or more concavities. Therefore, it is
easy to finely adjust the film thickness of the organic layer to
match the wavelength of each luminescent color, which con-
tributes to manufacturing a light-emitting display panel with
excellent light-emitting characteristics.

[0040] Inthe above structure, a TFT layer may be provided
below the first electrode plate group and the second electrode
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plate group, an interlayer insulation film may be layered
between (i) the first electrode plate group and the second
electrode plate group and (ii) the TFT layer, and a plurality of
contact holes may penetrate through the interlayer insulation
film and have wiring lines connecting the first electrode plates
and the second electrode plates with the TFT layer. Further-
more, the one or more concavities included in each of the first
electrode plates and each of the second electrode plates may
coincide with the contact holes. Furthermore, the TFT layer
has SD electrodes, and an area of any of the first electrode
plates in contact through one of the contact holes with an SD
electrode may be equal to (or an approximation of) an area of
any of the second electrode plates in contact through one of
the contact holes with an SD electrode, and the volume of the
portion of the first organic functional layer that has entered
into the one or more concavities provided in any of the first
electrode plates may be larger than the portion of the volume
ofthe second organic functional layer that has entered into the
one or more concavities provided in any of the second elec-
trode plates.

[0041] Each concavity in the first electrode plates and the
second electrode plates may be a circular truncated cone, a
diameter at the top of the concavity being larger than a diam-
eter at the bottom of the concavity, and the diameter at the top
of each of the one or more concavities in any of the first
electrode plates may be larger than the diameter at the top of
each of the one or more concavities in any of the second
electrode plates so that the total volume of the one or more
concavities in any of the first electrode plates is larger than the
total volume of the one or more concavities in any of the
second electrode plates.

[0042] The diameter at the bottom of each of the one or
more concavities in any of the first electrode plates may be
larger than the diameter at the bottom of each of the one or
more concavities in any of the second electrode plates.

[0043] Alternatively, the diameter at the bottom of each of
the one or more concavities in any of the first electrode plates
may be equal to, or an approximation of, the diameter at the
bottom of each of the one or more concavities in any of the
second electrode plates (an “approximation” referring to the
difference in diameter being within 5% of the diameter).

[0044] A first pixel defining layer may cover the one or
more concavities in each of the first electrode plates, with the
first organic functional layer being formed above the first
pixel defining layer, and a second pixel defining layer may
cover the one or more concavities in each of the second
electrode plates, with the second organic functional layer
being formed above the second pixel defining layer.

[0045] The first organic functional layer may be continuous
above the first electrode plate group due to ink drops of a
predetermined volume being sprayed via an inkjet method,
and the second organic functional layer may be continuous
above the second electrode plate group due to ink drops of the
predetermined volume being sprayed via the inkjet method,
so that the volume of a portion of the first organic functional
layer corresponding to any of the first electrode plates is equal
to, or an approximation of, the volume of the second organic
functional layer corresponding to any second electrode plate.
[0046] With this structure, the thickness of the ink is set to
a thickness between the thickness when n drops (n being a
natural number) and when n+1 drops of ink are sprayed,
unlike when no concavity is provided. Accordingly, the
organic functional layer that forms by drying the ink is
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formed to a thickness that is between the thickness when n
drops and when n+1 drops of ink are sprayed.

[0047] In the above aspect, the number of the concavities
included in each of the first electrode plates may be larger
than the number of the concavities included in each of the
second electrode plates, and the volume of a portion of the
first organic functional layer that has entered all of the con-
cavities in any of the first electrode plates may be larger than
the volume of a portion of the second organic functional layer
that has entered all of the concavities in any of the second
electrode plates.

[0048] Theaboveaspect may further comprise: a third elec-
trode plate group including a plurality of third electrode
plates that correspond to a third color and are arranged in a
line adjacent to the second electrode plate group, with the
third bank therebetween; a fourth bank along an edge of the
third electrode plate group opposite the second electrode
plate group; a third organic functional layer between the third
bank and the fourth bank and above the third electrode plate
group; a third organic light emitting layer that emits light of a
third color provided above the third organic functional layer;
aTFT layer provided below the first electrode plate group, the
second electrode plate group, and the third electrode plate
group; an interlayer insulation film layered between (i) the
first electrode plate group, the second electrode plate group,
and the third electrode plate group and (ii) the TFT layer; and
a plurality of contact holes penetrating through the interlayer
insulation film and having wiring lines connecting the first
electrode plates, the second electrode plates, and the third
electrode plates with the TFT layer, wherein the counter
electrode is provided above the third organic functional layer,
the one or more concavities in each of the first electrode
plates, second electrode plates, and third electrode plates
coincide with the contact holes, the total volume of the one or
more concavities in any of the first electrode plates is larger
than the total volume of the one or more concavities in any of
the second electrode plates and the one or more concavities in
any of the third electrode plates, the volume ofa portion of the
first organic functional layer corresponding to any of the first
electrode plates is equal to, or an approximation of, the vol-
ume of the second organic functional layer corresponding to
any of the second electrode plates and to the volume of the
third organic functional layer corresponding to any of the
third electrode plates, and a portion of the first organic func-
tional layer that has entered into the one or more concavities
in any of the first electrode plates is larger than a portion of the
second organic functional layer that has entered into the one
or more concavities in any of the second electrode plates and
larger than a portion of the third organic functional layer that
has entered into the one or more concavities in any of the third
electrode plates, so that in locations other than the one or more
concavities in the first electrode plates, the second electrode
plates, and the third electrode plates, the first organic func-
tional layer is thinner than the second organic functional layer
and the third organic functional layer.

[0049] In this structure, when the organic EL display panel
emits light corresponding to the three colors R, G, and B, it is
preferable that the first color be blue, since blue has the
shortest wavelength.

[0050] The first organic functional layer, second organic
functional layer, and third organic functional layer may be
either a charge injection layer or a charge transport layer, or
may be an organic light emitting layer.
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[0051] The electrode plates (first electrode plates, second
electrode plates, and third electrode plates) may be anodes,
and the counter electrode may be a cathode. Alternatively, the
electrode plates may be cathodes, and the counter electrodes
may be anodes.

[0052] A display device may be structured using the
organic EL display panel according to the above aspect.

[0053] An organic EL display panel according to another
aspect of the present invention comprises: a first electrode
plate group including a plurality of first electrode plates that
correspond to a first color and are arranged in a line; a second
electrode plate group including a plurality of second elec-
trode plates that correspond to a second color and are
arranged in a line adjacent to the first electrode plate group; a
first bank along an edge of the first electrode plate group
opposite the second electrode plate group; a second bank
between the first electrode plate group and the second elec-
trode plate group along respective edges thereof; a third bank
along an edge of the second electrode plate group opposite the
first 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 dis-
posed to cover both the first organic functional layer and the
second organic functional layer, wherein each of the first
electrode plates includes a concavity, the volume of the first
organic functional layer on any of the first electrode plates is
equal to, or an approximation of, the volume of the second
organic functional layer on any of the second electrode plates,
and a portion of the first organic functional layer has entered
into the concavity in each of the first electrode plates, so that
in locations other than the concavity, the first organic func-
tional layer on the first electrode plates is thinner than the
second organic functional layer on the second electrode
plates. According to the above structure, by finely adjusting
the volume of the concavity in the first electrode plate, it
becomes easy to finely adjust the film thickness of the first
organic functional layer in locations of the first electrode plate
other than the concavity. Therefore, it is easy to finely adjust
the film thickness of the organic layer to match the wave-
length of each luminescent color, which contributes to manu-
facturing a light-emitting display panel with excellent light-
emitting characteristics.

[0054] A method of manufacturing an organic EL display
panel according to another aspect of the present invention
comprises the steps of: a first step of forming a first electrode
plate group including a plurality of first electrode plates that
correspond to a first color and are arranged in a line; a second
step of forming a second electrode plate group including a
plurality of second electrode plates that correspond to a sec-
ond color and are arranged in a line adjacent to the first
electrode plate group; a third step of forming a first bank
along an edge of the first electrode plate group opposite the
second electrode plate group; a fourth step of forming a
second bank between the first electrode plate group and the
second electrode plate group along respective edges thereof;,
a fifth step of forming a third bank along an edge of the second
electrode plate group opposite the first electrode plate group;
asixth step of forming a 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 second organic func-
tional layer between the second bank and the third bank and
above the second electrode plate group; and an eighth step of
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forming a counter electrode disposed to cover both the first
organic functional layer and the second organic functional
layer, wherein the first step includes forming a concavity on
each of the first electrode plates; the volume the first organic
functional layer formed in the sixth step is equal to, or an
approximation of, the volume of the second organic func-
tional layer formed in the seventh step, and a portion of the
first organic functional layer enters into the concavity in each
of'the first electrode plates, so that in locations other than the
concavity, the first organic functional layer on the first elec-
trode plates is formed thinner than the second organic func-
tional layer on the second electrode plates. According to the
above structure, by finely adjusting the volume of the con-
cavity in the first electrode plate, it becomes easy to finely
adjust the film thickness of the first organic functional layer in
locations of the first electrode plate other than the concavity.
Therefore, it is easy to finely adjust the film thickness of the
organic layer to match the wavelength of each luminescent
color, which contributes to manufacturing a light-emitting
display panel with excellent light-emitting characteristics.
[0055] Inthe above structure, a TFT layer may be provided
below the first electrode plate group and the second electrode
plate group, an interlayer insulation film may be layered
between (i) the first electrode plate group and the second
electrode plate group and (ii) the TFT layer, and a plurality of
contact holes may penetrate through the interlayer insulation
film and have wiring lines connecting the first electrode plates
and the second electrode plates with the TFT layer. Further-
more, the one or more concavities included in each of the first
electrode plates and each of the second electrode plates may
coincide with the contact holes.

Embodiment 1

(Structure of Display Panel 100)

[0056] The display panel unit 100 is an organic EL panel
that uses the phenomenon of electroluminescence occurring
in organic material.

[0057] FIG. 1 is a cross-section diagram schematically
showing the structure of the display panel 100 according to
Embodiment 1.FIG. 2 is a perspective view showing the
structure of the display panel 100.

[0058] Pixels are arranged in a matrix in the vertical and
horizontal (X-Y) directions in the display panel 100. Each
pixel is formed by three adjacent sub-pixels whose colors are
respectively R, G, and B. The organic EL elements 20a, 205,
and 20c¢ shown in FIG. 2 are top-emission type EL elements
disposed on a TFT substrate 4. 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).

[0059] As shown in FIG. 2, the blue organic EL elements
20qa, green organic EL elements 205, and red organic EL
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 horizontally (in the
direction of the X axis) form one pixel.

[0060] FIG. 1 shows a longitudinal cross-section of the
organic EL elements 20a (in the direction of the Y axis). As
shown in FIG. 1, the TFT substrate 4 includes a substrate 1
with a TFT, wiring lines, and interlayer insulation film 3
formed thereon in this order. On the TFT substrate 4, anode
plates 5, hole-injection layers 6, and pixel defining layers 7
are laminated in this order. Furthermore, banks 8 (not shown
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in FIG. 1; 8a-8¢ in FIG. 2), organic layers 9, light-emitting
layers 10, and a cathode layer 11 are formed, thus forming the
organic EL elements 20a, 205, and 20c. Note that in FIG. 2,
the organic layers 9, light-emitting layers 10, and cathode
layer 11 are not shown.

[0061] 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.

[0062] On the surface of the substrate 1, a TFT layer is
formed to drive each of the organic EL elements 20a-20c¢ in
the entire panel by an active matrix method. The TFT layer
includes a TFT, wiring lines, SD electrodes, etc. Note that in
FIG. 1, reference sign 2 indicates the SD electrodes of the
TFT.

[0063] 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 of the substrate 1.

[0064] A contact hole 13 is bored in the direction of thick-
ness (direction of Z axis) of the interlayer insulation film 3 at
each organic EL element 20a, 205, and 20c.

[0065] Each contact hole 13 has a circular bottom. The
contact holes 13 shown in FIG. 1 are circular truncated cones,
wherein the inner surface is in a forward tapered shape so that
the top (opening) of each contact hole 13 has a larger diameter
than the bottom. Alternatively, the contact holes 13 may be
formed in a circular cylindrical shape, wherein the top diam-
eter and the bottom diameter are equivalent. The shape of the
bottom of the contact holes 13 may also of course be a shape
other than a circle, such as an ellipse, a rectangle, etc.
[0066] The volume of the contact holes 13 formed in blue
sub-pixels is larger than the volume of the contact holes 13
formed in green and red sub-pixels.

[0067] Next, the structure of the display panel 100 is
described in detail with reference to FIGS. 3A-3C. 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 B to B in FIG.
3A. Note that in FIGS. 3A-3C as well, the light-emitting
layers 10 and cathode layer 11 are not shown.

[0068] FIGS. 3A-3C show the following structure. Anode
plates 5a for blue sub-pixels and hole-injection layers 6a are
arranged in a longitudinal line (in the direction of the Y axis)
together to form a first anode plate group. Next to the first
anode plate group, anode plates 54 for green sub-pixels and
hole-injection layers 65 are arranged in a longitudinal line (in
the direction of the Y axis) to form a second anode plate
group. Next to the second anode plate group, anode plates 5¢
for red sub-pixels and hole-injection layers 6¢ are arranged in
a longitudinal line (in the direction of the Y axis).

[0069] A first bank (bank 8a) is formed longitudinally (in
the direction of the Y axis) bordering the first anode plate
group on the opposite side from the second anode plate group.
A second bank (bank 8b) is formed longitudinally (in the
direction of the Y axis) between the first anode plate group
and the second anode plate group. A third bank (bank 8¢) is
formed longitudinally (in the direction of the Y axis) between
the second anode plate group and the third anode pate group.
A fourth bank (bank 8a) is formed longitudinally (in the
direction of the Y axis) bordering the third anode plate group
on the opposite side from the second anode plate group.
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[0070] Between the bank 8a and the bank 85, an organic
layer 9a is formed above the first anode plate group. Between
the bank 85 and the bank 8¢, an organic layer 95 is formed
above the second anode plate group. Between the bank 8¢ and
the bank 8a, an organic layer 9¢ is formed above the third
anode plate group.

[0071] Above the organic layer 9a, a light-emitting layer 10
that emits blue light is formed. Above the organic layer 95, a
light-emitting layer 10 that emits green light is formed. Above
the organic layer 9¢, a light-emitting layer 10 that emits red
light is formed.

[0072] The anode plates 5 are formed on the interlayer
insulation film 3 as a rectangle in a region corresponding to
each sub-pixel. The size of the anode plates 5 is equivalent in
each sub-pixel.

[0073] The anode plates 5 are preferably formed using a
light-reflective material. Other than Ag (silver), examples
include Al or an Al alloy, a silver-palladium-copper alloy, a
silver-rubidium-gold alloy, MoCr (alloy of molybdenum and
chromium), NiCr (alloy of nickel and chromium), etc.
[0074] The hole-injection layers 6 are formed from an
oxide of molybdenum or tungsten and are formed on the
anode plates 5 in the same shape as the anode plates 5.
[0075] Note that, as shown in FIGS. 3B and 3C, the anode
plates 5 and hole-injection layers 6 are concave in conformity
with the inner surface of the contact holes 13. The anode
plates 5 are connected electrically inside the contact holes 13
to the SD electrodes 2 of the TFT.

[0076] The pixel defining layer 7 is an insulating, inorganic
film of silicon dioxide (SiO,), silicon nitride (SiN), silicon
oxynitride (SiON), etc. The thickness is 10 nm-200 nm.
[0077] The pixel defining layers 7 are disposed in the shape
of'lines extending horizontally (in the direction of the X axis)
at equal pitch and width longitudinally (in the direction of the
Y axis). The pixel defining layers 7 cover the gap between
anode plates 5 and hole-injection layers 6 of organic EL
elements that are adjacent longitudinally (in the direction of
theY axis), as well as the inner surface of the contact holes 13.
[0078] Thehole-injection layers 6 and pixel defining layers
7 are also formed along the anode plates 5. Therefore, a
concavity 15 is formed on the upper surface of the hole-
injection layers 6 and pixel defining layers 7, along the inner
surface of the contact holes 13. As described above, the vol-
ume of the contact holes 13 is larger in blue sub-pixels. The
volume of the concavity 15a¢ formed in blue sub-pixels is
consequently larger than the volume of the concavities 156
and 15¢ formed in green and red sub-pixels.

[0079] Note that in FIG. 3B, both the top and the bottom of
the concavity 15a are larger than the respective tops and
bottoms of the concavities 155 and 15¢. However, the volume
of the concavity 15a may be made larger than the volume of
the concavities 156 and 15¢ by making the size (diameter) of
the bottoms equivalent (i.e. a difference in diameter of within
5%) and the size (diameter) of the top larger in the concavity
154 than in the concavities 155 and 15¢.

[0080] 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 a pattern of long longitu-
dinal lines (in the direction of the Y axis) with equivalent
horizontal pitch (in the direction of the X axis), so as to exist
between contiguous organic EL elements 20a, 205, and 20c¢.
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The cross-sectional shape of each bank 8a, 85, and 8¢ is a
trapezoid, and the width of each bank is uniform.

[0081] Theorganic layers 9 are formed in the areas between
contiguous banks 8, so as to cover the hole-injection layers 6
and pixel defining layers 7. The light-emitting layers 10 are
also formed in the areas between contiguous banks 8, on the
organic layers 9.

[0082] Each of the hole-injection layers 6, pixel defining
layers 7, organic layers 9, and light-emitting layers 10 par-
tially fill the concavities 15.

[0083] The organic layers 9 are hole transporting layers
formed from material having hole-injection effects with
respect to the light-emitting layers 10. Specific examples of
such material include triarylamine-based compounds such as
4-4'-Bis [N-(naphthyl)-N-phenyl-amino] biphenyl (a-NPB
or a-NPD), N,N'-Bis (3-methylphenyl)-(1,1' -biphenyl)-4,4'-
diamine (TPD), etc.

[0084] Note that the anode plates 5, hole-injection layers 6,
and organic layers 9 are formed from the same material for the
three colors of organic EL elements 20a, 2056, and 20c,
whereas the light-emitting layers 10 are formed from differ-
ent light-emitting materials, i.e. blue, green, and red, respec-
tively for the organic EL elements 20a, 205, and 20c.

[0085] 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 of a Schiff base and a group three metal,
metal complex of oxine, rare earth metal complex, etc., as
recited in Japanese Patent Application Publication No.
H5-163488.

[0086] The cathode layer 11 is formed to cover all of the
light-emitting layers 10 of the three colors of organic EL
elements 20a, 205, and 20c. The cathode layer 11 is formed
from a transparent material, such as ITO, indium zinc oxide
(IZ0), etc.

[0087] 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.

[0088] 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 7. Therefore, the size of the sub-pixels sur-
rounded by the banks 8 and the pixel defining layers 7 is also
uniform.

(Example of Structure of Display Device)

[0089] FIG. 10 shows the structure of a display device 200
provided with the display panel 100.
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[0090] Thedisplay device 200 includes a display 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. FIG. 11 is an appearance profile of
an example of a television system that includes the display
device 200.

(Method of Manufacturing Display Panel 100)

[0091] First, an example of an overall method of manufac-
turing the display panel 100 is described with reference to
FIG. 4.

[0092] The following describes the process of manufactur-
ing the TFT substrate 4.

[0093] The substrate 1 is prepared and placed in the cham-
ber of a sputtering apparatus for film formation.

Formation of TFT Layer

[0094] A predetermined sputter gas is introduced into the
chamber, and via reactive sputtering, the TFT layer that
includes the TFT, wiring lines, and SD electrodes 2 is formed
(FIG. 4A).

Formation of Interlayer Insulation Film

[0095] The interlayer insulation film 3 is formed on the
substrate 1 to a thickness of approximately 4 jum so as to cover
the TFT layer (FIG. 4B). At this point, a contact hole 13 is
formed in the interlayer insulation film 3 above the SD elec-
trode 2. Such aninterlayer insulation film 3 having the contact
hole 13 may be formed by spin coating a known photosensi-
tive organic material (such as a photosensitive polyimide
based on a siloxane copolymer) and then performing photo-
lithography to form a pattern using a pattern mask.

[0096] The opening of the contact hole 13 is formed in
accordance with the shape of the opening in the pattern mask.
Therefore, adjusting the shape of the opening in the pattern
mask consequently adjusts the shape of the opening of the
contact hole 13. The inclination of the inner circumference of
the contact hole 13 can also be adjusted by using a half-tone
mask as a pattern mask.

[0097] Alternatively, after forming a uniform interlayer
insulation film, the location where the contact hole is to be
formed can be removed by etching, thus forming the contact
hole 13.

[0098] In this case, a photoresist is overlaid on the inter-
layer insulation film, and thereabove, a pattern mask match-
ing the contact hole to be formed is overlaid. Next, a resist
pattern is formed by shining light of a predetermined wave-
length, to which the material in the photoresist is sensitive, on
the photoresist from above the pattern mask and then apply-
ing a developing solution. Subsequently, excess interlayer
insulation film material and non-hardened photoresist is
washed off with an aqueous or non-aqueous etchant (release
agent) to form the contact hole 13 on the interlayer insulation
film. The residual photoresist is removed by washing with
pure water, which completes the patterning.

[0099] The following describes the process of forming the
organic EL elements of each color on the TFT substrate 4
manufactured as described above.

Formation of Anode Plate

[0100] On the interlayer insulation film 3, metal material
for the anode plate 5 is sputtered to form a thin film of a
predetermined thickness, for example 50 nm-400 nm. This
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thin film is then patterned via wet etching to form the anode
plate 5. The anode plate 5 at this point is also formed on the
inner surface of the contact hole 13. Therefore, the anode
plate 5 is concave in conformity with the inner surface of the
contact hole 13, and is also electrically connected to the SD
electrode 2 by direct contact therewith (FIG. 4C). During this
process, the concavities 15a-15¢ are respectively formed on
the anode plates Sa-5c.

Formation of Hole-Injection Layer

[0101] Next, on the anode plate 5, a thin film is formed by
reactive sputtering using metal material such as molybdenum
ortungsten. By performing photolithography and wet etching
on this thin film, the hole-injection layer 6 is formed (FIG.
4D).

Forming Pixel Defining Layer

[0102] Next, using the CVD method, a thin film of SiO2,
SiN, or SiON is formed and patterned via dry etching to form
the pixel defining layer 7 (FIG. 4E).

[0103] Each hole-injection layer 6 and pixel defining layer
7 also have a partially concave shape, along the concavities
15a-15¢ in the anode plates 5.

Formation of Banks

[0104] 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.

[0105] Note that, during this process of forming the banks,
the surface of the bank 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 bank 8 with repellency or
to adjust the contact angle of the bank 8 with respect to the
next ink to be sprayed.

Formation of Organic Layer (Hole Transporting Layer)

[0106] Next, the organic layer 9 is formed by the wet
method (FIG. 4G).

[0107] To do so, the organic material for the organic layeris
mixed with solvent at a predetermined ratio to manufacture
organic layer ink. This ink is then sprayed between adjacent
banks 8. Specifically, ink is sprayed using a known inkjet
method between bank 8a (the first bank) and bank 85 (the
second bank), between bank 85 and bank 8¢ (the third bank),
and between bank 8¢ and bank 8a (the fourth bank).

[0108] FIG. 5 is a schematic cross-section diagram show-
ing conditions immediately after spraying ink for forming the
organic layer on the substrate via the wet method.

[0109] InFIG.5, eacharrow indicates the position at which
an ink drop is ejected from a nozzle towards the substrate 1.
Above the anode plate 5 and hole-injection layer 6 in each
sub-pixel, the same number of drops of ink are dripped on the
same location. In the example in FIG. 5, ink is dripped at
seven locations into each region for forming each sub-pixel.
[0110] The sprayed ink covers the entire surface of the
hole-injection layer 6, also entering the concavity 15 in the
contact hole 13.

[0111] Since the amount of each drop of ink ejected from
the nozzle is constant, ink is sprayed in the same way into
regions for forming a plurality of sub-pixels. The amount of
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ink sprayed on each anode plate 5 is also equivalent, with
variation equal to or less than 5%.

[0112] Note that alternative methods for filling the regions
between banks with ink that forms the organic layer 9 include
the dispenser method, nozzle coating method, spin coating,
intaglio printing, letterpress printing, etc. In all of these meth-
ods, the amount of ink sprayed on each anode plate 5 and
hole-injection layer 6 is equivalent for sub-pixels of each
color.

[0113] By drying the ink layer thus formed, the organic
layer 9 forms.

Formation of Light-Emitting Layer

[0114] On the organic layer 9, the light-emitting layer 10 is
formed by the wet method. This process is the same as the
above process of forming the organic layer. Material for form-
ing the light-emitting layer is dissolved to yield ink. The ink
is sprayed between adjacent banks 8 and dried to form the
organic layer. The light-emitting layer material that is used
differs by luminescent color.

[0115] Note that alternative methods for filling the regions
between banks with ink that forms the light-emitting layer 10
include the dispenser method, nozzle coating method, spin
coating, intaglio printing, letterpress printing, etc.

[0116] Next, on the surface of the light-emitting layer 10, a
layer of ITO, IZO, etc. is formed by the vacuum deposition
method. The cathode layer 11 is thus formed. Furthermore, on
the surface of the cathode layer 11, a layer of silicon nitride
(SiN), silicon oxynitride (SiON), etc. material is formed by
the vacuum deposition method to form the passivation layer.
[0117] All of the organic EL elements 20a-20c¢ are formed
by the above processes, thus completing the display panel
100.

(Volume of Concavities 15 and Film Thickness of Organic
Layer 9)

[0118] Inthedisplay panel 100, the volume of the concavity
154 formed in the anode plate 5a for the color blue (first color)
is larger than the volume of the concavity 156 and larger than
the volume of the concavity 15¢ respectively formed in the
anode plates 55 and 5¢ corresponding to the colors green and
red (second color and third color). Part of each organic layer
9 enters into the concavities 15a, 155, and 15¢. Due to the
difference in volume between the concavity 15a and the con-
cavities 156 and 15¢, the organic layer 9 in the blue sub-pixel
is formed to a thinner film thickness than the organic layer 9
in the green sub-pixel and the organic layer 9 in the red
sub-pixel (i.e. the film thickness in a region other than the
concavity).

[0119] Accordingly, in the display panel 100, it is easy to
set the film thickness of the organic layer 9 to be appropriate
for the wavelength of the luminescent color in each sub-pixel.
[0120] The following is a detailed consideration of the rela-
tionship between the volume of the concavity 15 formed in
the anode plate 5 and the film thickness of the organic layer 9.
[0121] In one sub-pixel, let the area of the region on the
anode plate 5 that is filled by ink (regions shown by reference
signs 5a, 55, and 5¢in FIG. 3A) be S, the quantity of ink on the
anode plate 5 in one sub-pixel (hatched region C in FIG. 5) be
V0, the solute concentration of the ink for the organic layer be
N, and the volume of the concavity 15 formed in the anode
plate 5 be V1 (further letting the volume of the concavity 15a
formed in the blue sub-pixel be V1a, and the volume of the
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concavities 155 and 15¢ respectively formed in the green and
red sub-pixels be V156 and V1¢).

[0122] Supposing there is no concavity in the anode plate 5,
the height of the ink layer formed on the anode plate 5 is
estimated as V0/S, and the film thickness of the organic layer
9 formed after drying is estimated as NV0/S. However, the
concavity 15 (volume V1) is formed on the anode plate 5, and
thus part of the ink fills the concavity 15 (ink is assumed to fill
the entire concavity 15, as shown by the hatched region D in
FIG. 5). Therefore, the fill volume V1 (i.e. volume of ink
filling the concavity 15) is subtracted from the volume of ink
that fills regions other than the concavity 15 in the anode plate
5 (V0-V1).

[0123] Accordingly, the height ofthe ink layer (H in FIG. 5)
equals V0/S multiplied by (V0-V1)N1, and the film thickness
after drying of the ink (h in FIG. 5) equals NVO/S multiplied
by (V0-V1)/V0. The film thickness h of the organic layer 9 is
therefore N(V0-V1)/S.

[0124] The fill volume V1a in the blue sub-pixel is larger
than the fill volume V15 in the green and red sub-pixels.
Therefore, the organic layer 9 formed in regions other than the
concavity 15a on the anode plate 5 in the blue sub-pixel is
thinner than the organic layer 9 formed in regions other than
the concavities 156 and 15¢ on the anode plate 5 in the green
and red sub-pixels by a ratio of N(V1a-V15)/S.

[0125] In this context, the size of each concavity 154, 155,
and 15¢is defined by the size of the contact hole formed on the
interlayer insulation film 3, and it is possible to finely adjust
the size as described below. Therefore, it is possible to adjust
the volume V1a and V15 of the concavities in finer incre-
ments than it is possible to adjust the volume of one drop of
ink, thus enabling fine adjustments to the film thickness of
each organic layer 9.

[0126] Asacomparative example, the film thickness can be
adjusted by changing the number of drops of ink that are
dripped into the sub-pixel of each color. A finer difference
between V1a and V15 can be established with Embodiment 1
than with such a comparative example, however, thus allow-
ing for a finer difference between the thickness of blue ink and
of green ink.

[0127] The following is a consideration of a specific,
numerical example.

[0128] For example, in one sub-pixel, let the size of the
region filled with ink on the anode plate 5 (regions shown by
reference signs 5a, 55, and 5¢ in FIG. 3A) be 300 pum long and
70 pm wide, and the area of the region filled with ink on the
anode plate 5 be S=2.1x10~% m*.

[0129] Furthermore, let the solute concentration N of the
ink for the organic layer be 2 vol % and the drop amount of
one drop of ink ejected by the inkjet be 30 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 on the anode plate 5 in one
sub-pixel, equals 210 pL (2.1x107'3 m?).

[0130] Ifthereis no concavity in the anode plate 5, then the
height H of the ink layer formed on the anode plate 5 is
V0/S=10 pm, and the film thickness h of the organic layer 9
formed after drying is NV0/S=0.2 um. In this example, how-
ever, disc-shaped concavities 15a-15¢ are respectively
formed on the anode plates 5 in the sub-pixel of each color.
Let the height of the concavities 15a-15¢ be uniform at 4 um
and the diameter be 30 um in the concavities 156 and 15¢ in
the green and red sub-pixels. Let the diameter in the blue
sub-pixels be an additional 5 um for a total of 35 pm. In this
case, the concavity volume V15 in the green and red sub-
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pixels equals 2.826 pL, and the concavity volume V1a in the
blue sub-pixels equals 3.847 pL.

[0131] Accordingly, the film thickness h of the organic
layer 9 in the green and red sub-pixels is N(V0-V15)/S=0.
1973 um, whereas the film thickness h of the organic layer 9
in the blue sub-pixels is N(V0-V14a)/S=0.1963 um. The dif-
ference in film thickness is N(V1a-V156)/S=0.0010 um (1
nm).

[0132] The organic layer 9 in the blue sub-pixels can thus
be adjusted to be thinner than the organic layer 9 in the green
and red sub-pixels by a minute difference.

[0133] On the other hand, 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
organic layer that forms increases or decreases by 0.0285 pm.
Therefore, adjustments to the film thickness can only be made
in 0.0285 pwm increments.

[0134] As described above, in the display panel 100 manu-
factured according to Embodiment 1, the volumes of the
concavities 15a, 155, and 15¢ formed in the sub-pixels of
each color are adjusted more finely than the volume of ink
drops, making it relatively easy to finely adjust the film thick-
ness of the organic layer 9. Therefore, it is easy to adjust the
film thickness of the organic layer 9 to be appropriate for the
wavelength of the luminescent color in each sub-pixel,
thereby efficiently producing light.

Embodiment 2

[0135] FIG. 6 is a plan view and a cross-section diagram
schematically showing the structure of a display panel 100
according to Embodiment 2.

[0136] In Embodiment 1, the volume V1a of the concavity
15a in the blue sub-pixel is larger than the volume V154 of the
concavities 155 and 15¢ in the green and red sub-pixels. In
Embodiment 2, however, two contact holes 13 are formed on
the SD electrode 2 in the blue organic EL element 20a. Two
concavities 15a are thus formed in the blue sub-pixel. The
green and red sub-pixels still each only have one concavity,
respectively concavities 154 and 15c¢.

[0137] The total volume of the two concavities 15a formed
in the blue sub-pixel is larger than the volume of either the
concavity 156 formed in the green sub-pixel and the concav-
ity 15¢ formed in the red sub-pixel.

[0138] For the same reasons as explained with regard to
Embodiment 1, in the display panel 100 in Embodiment 2 the
film thickness of the organic layer 9 can be finely adjusted.
[0139] It is preferable for (i) the total surface area of the
bottom of the two concavities 15a in the blue sub-pixel, (ii)
the surface area of the bottom of the concavity 154 in the
green sub-pixel, and (iii) the surface area of the bottom of the
concavity 15¢ in the red sub-pixel to be equivalent, i.e. for the
area of the bottom surface in contact with the SD electrode 2
in each concavity to be equivalent. Such equivalency ensures
that the contact resistance between the contact hole and the
SD electrode in the sub-pixel of each color is constant.
[0140] Forming the concavities 15a, 155, and 15¢ in a
forward tapered shape so that the diameter at the top is larger
than at the bottom allows for equivalent surface areas while
making the total volume of the two concavities 15a larger
than the volume of the concavity 156 and the concavity 15c¢.

[0141] This matter is explained below through a specific
example.
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[0142] FIG. 7A shows the shape of the concavities 15a
formed on the blue sub-pixel, and FIG. 7B shows the shape of
the concavities 155 and 15¢ respectively formed on the green
and red sub-pixels.

[0143] In this example, the concavities 15a and the con-
cavities 156 and 15¢ are circular truncated cones that are in a
forward tapered shape so that the top of the cone has a larger
diameter than the bottom. The bottom surface of each con-
cavity is in contact with the upper surface of the SD electrode
2. Theheight of the concavities 15a and of the concavities 1556
and 15c¢ is the same as the thickness T of the interlayer
insulation film. The taper angle a formed between the inner
surface of the concavities 15a, 155, and 15¢ and the SD
electrode 2 is constant.

[0144] Letting the diameter of the bottom surface of the
concavity 15a be r, and the total bottom surface area of the
two concavities 15a be equal to the bottom surface area of the
concavity 155 (or 15¢), the diameter of the concavity 155 (or
15¢) is V2r.

[0145] Formula 1 expresses the volume of one of the con-
cavities 15a.

1,1 1, Formula 1
Zr + 5thanw+ ET tan”a (nT

[0146] Formula 2 expresses the volume of the concavity
156.

1 2 1 Formula 2
12 + ——rTtana + = T*tan’a

2 2 3 T

[0147] Formula 3 expresses the sum of the volumes of two
concavities 15a minus the volume of the concavity 154.

22 Formula 3

3 7T

Lo o
rTtana + §T tan“o

[0148] Ifthe taper angle o is positive (indicating a forward
taper), then the value expressed by Formula 3 is also positive,
and the total volume of two concavities 154 is larger than the
volume of the concavity 1556 (or 15¢).

[0149] Furthermore, as the taper angle a grows larger, so do
the values expressed by Formulas 1, 2, and 3. Accordingly, the
volume of the concavity 15a and of the concavity 156 grow
larger, as does the difference between the volume of two
concavities 15a and the concavity 155.

[0150] It follows that adjusting the taper angle a allows for
adjustment of this difference in volume, thus allowing for
adjustment of the difference between the film thickness of the
organic layer 9 in the blue sub-pixel and the film thickness of
the organic layer 9 in the green and red sub-pixels.

[0151] Note that this taper angle a is normally between 20°
and 30°. Ifthe taper angle a is zero (i.e. when each concavity
is a circular cylindrical shape), the value expressed by For-
mula 3 is zero, and the total volume of two concavities 15a is
equivalent to the volume of the concavity 155 (or 15¢).
[0152] In the above description, the number of contact
holes formed on the blue sub-pixel is two, and the number of
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contact holes formed on each of the green and red sub-pixels
is one. However, three contact holes may be formed on the
blue sub-pixel, and either one or two contact holes formed on
each of the green and red sub-pixels.

Embodiment 3

[0153] In Embodiments 1 and 2, the film thickness of the
organic layer 9 is adjusted during manufacturing of the dis-
play panel 100 by filling the concavity 15 formed on the
anode plate 5 along the contact hole 13 with part of the
organic layer 9. In Embodiment 3, on the other hand, a con-
cavity 15 is formed on the anode plate 5 in a location where no
contact hole exists.

[0154] Inthis case as well, as described below, the organic
layer 9 in the blue sub-pixel can be finely adjusted to be
thinner than the organic layer 9 in the green and red sub-
pixels, as in Embodiments 1 and 2.

[0155] FIG. 8 is a cross-section diagram schematically
showing a display panel 100 according to Embodiment 3 and
a manufacturing process thereof

[0156] On the upper surface of the interlayer insulation film
3, recesses 23 (23a, 23b) are formed in an area in which the
anode plate 5 is formed. The volume of the recess 23a in the
blue sub-pixel is larger than the volume of the recess 234
formed in the green sub-pixel and the red sub-pixel. The
anode plate 5 is formed along the upper surface of the inter-
layer insulation film 3, with part of the anode plate 5 being
concave in conformity with the inner surface of the recess 23.
[0157] A concavity 15 is formed on the inner surface of the
recess 23 along the upper surface of the hole-injection layer 6
and pixel defining layer 7 formed along the anode plate 5. Part
of the organic layer 9 enters into the concavity 15.

[0158] Note that the recesses 23a and 235 are not contact
holes. Therefore, no SD electrode of the TFT exists at the
bottom surface of the recesses 23a and 235. The anode plate
5is connected to the SD electrode of the TFT at a location not
shown in the figures.

[0159] In Embodiment 3 as well, ink is sprayed so as to
cover the hole-injection layer 6 and pixel defining layer 7 and
dried to form the organic layer 9. The volume of the concavity
15a formed in the blue sub-pixel is larger than the volume of
each of the concavities 156 and 15¢ formed in the green and
red sub-pixels, and the difference in volume can be finely
adjusted. Therefore, the organic layer 9 in the blue sub-pixel
is thinner than the organic layer 9 in the green and red sub-
pixels. Furthermore, thickness of the organic layer can be
finely adjusted.

[0160] Accordingly, itis easy to adjust the film thickness of
the organic layer 9 of each color, R, G, and B, to be an
appropriate value for efficiently emitting light.

Embodiment 4

[0161] FIG. 9 is a cross-section diagram schematically
showing a display panel 100 according to Embodiment 4 and
a manufacturing process thereof.

(Regarding Film Thickness of Organic Layer)

[0162] InEmbodiments 1-3, concavities 15a, 155, and 15¢
are formed on the anode plates 5 respectively in sub-pixels of
each color, and part of the organic layer 9 fills the concavities.
In Embodiment 4, however, concavities 155 and 15¢ are not
formed on the anode plates 56 and 5¢ in the green and red
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sub-pixels. Rather, a concavity 15a is only formed on the
anode plate 5a in the blue sub-pixel.

[0163] In this case, since there is no concavity in the green
and red sub-pixels, the volume V15 is zero. With regards to
the “film thickness of the organic layer” described in Embodi-
ment 1, however, the concavity volume V1a in the blue sub-
pixel can be finely adjusted as above to make the organic layer
9 in the blue sub-pixel thinner than the organic layer 9 in the
green or red sub-pixels by a minute difference.

[0164] Accordingly, it is possible to adjust the film thick-
ness of the organic layer 9 in the sub-pixels of each color to be
an appropriate value for efficiently emitting light.

<Modifications, etc.>

[0165] In Embodiments 1-4, the organic layer 9 in the blue
sub-pixels is thinner than the organic layer 9 in the green and
red sub-pixels, and the film thickness of the organic layer 9 in
the green and red sub-pixels is equivalent. However, the vol-
ume Vla of the concavity 15a formed on the anode plate 5a
in the blue sub-pixel, the volume V15 of the concavity 1556
formed on the anode plate 55 in the green sub-pixel, and the
volume V1c ofthe concavity 15¢ formed on the anode plate S¢
in the red sub-pixel may be set to decrease in this order, so that
the film thickness of the organic layer 9 increases in the order
of the blue sub-pixel, green sub-pixel, and red sub-pixel.
[0166] InEmbodiments 1-4, one pixel is composed ofthree
sub-pixels. If one pixel is composed of two sub-pixels, how-
ever, the organic layer 9 of the first color can be made thinner
than the organic layer 9 of the second color by forming the
concavity 15 on the anode plate 5 in the sub-pixel of the first
color, or by forming the concavity 15 on the anode plate 5 in
the sub-pixels of both the first and second colors and changing
the volumes of the concavities 15. It is therefore possible to
adjust the film thickness of the organic layer 9 in the sub-
pixels of each color to be an appropriate value for efficiently
emitting light.

[0167] Embodiments 1-4 describe an example in which the
hole transporting layer is formed on the anode plate 5 as an
organic layer by the wet method. However, when a hole-
injection layer or a hole injection and transporting layer is
formed as an organic layer by the wet method, the film thick-
ness of the organic layer may similarly be finely adjusted to
efficiently yield light of each luminescent color.

INDUSTRIAL APPLICABILITY

[0168] The method of manufacturing according to the
present invention is appropriate for manufacturing an organic
EL display panel as a display in cellular phones, televisions,
etc., and is useful for creating a display with excellent lumi-
nous efficiency.

We claim:

1. An organic electroluminescence (EL) display panel,

comprising:

a first electrode plate group including a plurality of first
electrode plates corresponding to a first color arranged
in a first predetermined line;

a second electrode plate group including a plurality of
second electrode plates corresponding to a second color
arranged in a second predetermined line adjacent to the
first predetermined line arrangement of the first elec-
trode plate group;

a first bank along an edge of the first electrode plate group
opposite the second electrode plate group;
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a second bank between the first electrode plate group and
the second electrode plate group along respective edges
thereof;

a third bank along an edge of the second electrode plate
group opposite the first 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;

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

a thin-film transistor (TFT) layer provided below the first
electrode plate group and the second electrode plate
group;

an interlayer insulation film layered between (i) the first
electrode plate group and the second electrode plate
group and (ii) the TFT layer; and

a plurality of contact holes that penetrate through the inter-
layer insulation film and have wiring lines connecting
the first electrode plates and the second electrode plates
with the TFT layer, wherein

each of the first electrode plates and each of the second
electrode plates includes at least one concavity,

the at least one concavity included in each of the first
electrode plates and each of the second electrode plates
coincide with the plurality of contact holes,

atotal volume of the at least one concavity in any of the first
electrode plates is larger than a total volume of the at
least one concavity in any of the second electrode plates,

a volume of a portion of the first organic functional layer
corresponding to any of the first electrode plates at least
approximates a volume of the second organic functional
layer corresponding to any of the second electrode
plates, and

a portion of the first organic functional layer entered into
the at least one concavity in any of the first electrode
plates is larger than a portion of the second organic
functional layer entered into the at least one concavity in
any of the second electrode plates, so that in locations
other than the at least one concavity in the first electrode
plates and the second electrode plates, the first organic
functional layer is thinner than the second organic func-
tional layer.

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

the TFT layer has source-drain (SD) electrodes, an area of
any of the first electrode plates in contact through one of
the contactholes with an SD electrode is equal to an area
of any of the second electrode plates in contact through
one of the contact holes with an SD electrode, and

the volume of the portion of the first organic functional
layer entered into the at least one concavity in any of the
first electrode plates is larger than the volume of the
portion of the second organic functional layer entered
into the at least one concavity provided in each of the
second electrode plates.

3. An organic electroluminescence (EL) display panel,

comprising;

a first electrode plate group including a plurality of first
electrode plates corresponding to a first color arranged
in a first predetermined line;
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a second electrode plate group including a plurality of
second electrode plates corresponding to a second color
arranged in a second predetermined line adjacent to the
first electrode plate group;

a first bank along an edge of the first electrode plate group
opposite the second electrode plate group;

a second bank between the first electrode plate group and
the second electrode plate group along respective edges
thereof;

a third bank along an edge of the second electrode plate
group opposite the first 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

each of the first electrode plates and each of the second
electrode plates includes at least one concavity,

each concavity in the first electrode plates and the second
electrode plates is a circular truncated cone, a diameter
at a top of the concavity being larger than a diameter at
a bottom of the concavity,

the diameter at the top of each of the at least one concavity
in any of the first electrode plates is larger than the
diameter at the top of each of the at least one concavity
in any of the second electrode plates so that a total
volume of the at least one concavity in any of the first
electrode plates is larger than a total volume of the at
least one concavity in any of the second electrode plates,

a volume of a portion of the first organic functional layer
corresponding to any of the first electrode plates at least
approximates a volume of the second organic functional
layer corresponding to any of the second electrode
plates, and

a portion of the first organic functional layer entered into
the at least one concavity in any of the first electrode
plates is larger than a portion of the second organic
functional layer entered into the at least one concavity in
any of the second electrode plates, so that in locations
other than the at least one concavity in the first electrode
plates and the second electrode plates, the first organic
functional layer is thinner than the second organic func-
tional layer.

4. The organic EL display panel of claim 3, wherein

a diameter at a bottom of each of the at least one concavity
in any of the first electrode plates is larger than a diam-
eter at a bottom of each of the at least one concavity in
any of the second electrode plates.

5. The organic EL display panel of claim 3, wherein

a diameter at a bottom of each of the at least one concavity
in any of the first electrode plates at least approximates
a diameter at a bottom of each of the at least one con-
cavity in any of the second electrode plates.

6. An organic electroluminescence (EL) display panel,

comprising:

a first electrode plate group including a plurality of first
electrode plates corresponding to a first color arranged
in a first predetermined line;
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a second electrode plate group including a plurality of
second electrode plates corresponding to a second color
arranged in a second predetermined line adjacent to the
first electrode plate group;

a first bank along an edge of the first electrode plate group
opposite the second electrode plate group;

a second bank between the first electrode plate group and
the second electrode plate group along respective edges
thereof;

a third bank along an edge of the second electrode plate
group opposite the first 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

each of the first electrode plates and each of the second
electrode plates includes at least one concavity,

a first pixel defining layer covers the at least one concavity
in each of the first electrode plates, with the first organic
functional layer being formed above the first pixel defin-
ing layer,

a second pixel defining layer covers the at least one con-
cavity in each of the second electrode plates, with the
second organic functional layer being formed above the
second pixel defining layer,

atotal volume of the at least one concavity in any of the first
electrode plates is larger than a total volume of the at
least one concavity in any of the second electrode plates,

a volume of a portion of the first organic functional layer
corresponding to any of the first electrode plates at least
approximates a volume of the second organic functional
layer corresponding to any of the second electrode
plates, and

a portion of the first organic functional layer entered into
the at least one concavity in any of the first electrode
plates is larger than a portion of the second organic
functional layer entered into the at least one concavity in
any of the second electrode plates, so that in locations
other than the at least one concavity in the first electrode
plates and the second electrode plates, the first organic
functional layer is thinner than the second organic func-
tional layer.

7. An organic electroluminescence (EL) display panel,

comprising;

a first electrode plate group including a plurality of first
electrode plates corresponding to a first color arranged
in a first predetermined line;

a second electrode plate group including a plurality of
second electrode plates corresponding to a second color
arranged in a second predetermined line adjacent to the
first electrode plate group;

a first bank along an edge of the first electrode plate group
opposite the second electrode plate group;

a second bank between the first electrode plate group and
the second electrode plate group along respective edges
thereof;

a third bank along an edge of the second electrode plate
group opposite the first electrode plate group;
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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

each of the first electrode plates and each of the second
electrode plates includes at least one concavity,

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 being sprayed via the inkjet
method,

when ink drops of the predetermined volume are sprayed
via the inkjet method, the first organic functional layer
and the second organic functional layer are formed to a
thickness between a thickness formed by spraying n of
the ink drops and a thickness formed by spraying n+1 of
the ink drops,

atotal volume of the at least one concavity in any of the first
electrode plates is larger than a total volume of the at
least one concavity in any of the second electrode plates,

a volume of a portion of the first organic functional layer
corresponding to any of the first electrode plates at least
approximates a volume of the second organic functional
layer corresponding to any of the second electrode
plates, and

a portion of the first organic functional layer entered into
the at least one concavity in any of the first electrode
plates is larger than a portion of the second organic
functional layer entered into the at least one concavity in
any of the second electrode plates, so that in locations
other than the at least one concavity in the first electrode
plates and the second electrode plates, the first organic
functional layer is thinner than the second organic func-
tional layer.

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

a number of concavities included in each of the first elec-
trode plates is larger than a number of concavities
included in each of the second electrode plates, and

a volume of a portion of the first organic functional layer
that has entered all of the concavities in the first elec-
trode plates is larger than a volume of the second organic
functional layer that has entered all of the concavities in
any of the second electrode plates.

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

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

10. 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.

11. An organic electroluminescence (EL) display panel,

comprising:

a first electrode plate group including a plurality of first
electrode plates corresponding to a first color arranged
in a first predetermined line;
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a second electrode plate group including a plurality of
second electrode plates corresponding to a second color
arranged in a second predetermined line adjacent to the
first electrode plate group;

a third electrode plate group including a plurality of third
electrode plates corresponding to a third color arranged
in a third predetermined line adjacent to the second
electrode plate group;

a first bank along an edge of the first electrode plate group
opposite the second electrode plate group;

a second bank between the first electrode plate group and
the second electrode plate group along respective edges
thereof;

a third bank along an edge of the second electrode plate
group opposite the first electrode plate group;

a fourth bank along an edge of the third electrode plate
group opposite 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;

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

a counter electrode disposed to cover the first organic func-
tional layer, the second organic functional layer, and the
third organic functional layer;

a thin-film transistor (TFT) layer provided below the first
electrode plate group, the second electrode plate group,
and the third electrode plate group;

an interlayer insulation film layered between (i) the first
electrode plate group, the second electrode plate group,
and the third electrode plate group, and (ii) the TFT
layer; and

a plurality of contact holes penetrating through the inter-
layer insulation film and having wiring lines connecting
the first electrode plates, the second electrode plates, and
the third electrode plates with the TFT layer, wherein

the first electrode plates, the second electrode plates, and
the third electrode plates each have at least one concavi-
ties that coincide with the contact holes,

atotal volume of the at least one concavity in any of the first
electrode plates is larger than a total volume of the at
least one concavity in any of the second electrode plates
and a total volume of the at least one concavity in any of
the third electrode plates,

a volume of a portion of the first organic functional layer
corresponding to any of the first electrode plates at least
approximates a volume of a portion of the second
organic functional layer corresponding to any of the
second electrode plates and to a volume of a portion of
the third organic functional layer corresponding to any
of the third electrode plates, and

a portion of the first organic functional layer entered into
the at least one concavity in any of the first electrode
plates is larger than a portion of the second organic
functional layer entered into the at least one concavity in
any of the second electrode plates and larger than a
portion of the third organic functional layer entered into
the at least one concavity in any of the third electrode
plates, so that in locations other than the at least one
concavity in the first electrode plates, the second elec-
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trode plates, and the third electrode plates, the first
organic functional layer is thinner than the second
organic functional layer and the third organic functional
layer.

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

13. The organic EL display panel of claim 11, wherein the
third organic functional layer comprises one of a charge injec-
tion layer and a charge transport layer.

14. The organic EL display panel of claim 11, wherein the
third organic functional layer comprises an organic light-
emitting layer.

15. The organic EL display panel of claim 1, wherein the
electrode plates comprise anodes, and the counter electrode
comprises a cathode.

16. The organic EL display panel of claim 1, wherein the
electrode plates comprise cathodes, and the counter electrode
comprises an anode.

17. A display device provided with the organic EL display
panel of claim 1.

18. A method of manufacturing an organic electrolumines-
cence (EL) display panel, comprising:

forming a first electrode plate group including a plurality of

first electrode plates corresponding to a first color
arranged in a first predetermined line;

forming a second electrode plate group including a plural-

ity of second electrode plates corresponding to a second
color arranged in a second predetermined line adjacent
to the first electrode plate group;
forming a first bank along an edge of the first electrode
plate group opposite the second electrode plate group;

forming a second bank between the first electrode plate
group and the second electrode plate group along
respective edges thereof;
forming a third bank along an edge of the second electrode
plate group opposite the first electrode plate group;

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

forming a second organic functional layer between the

second bank and the third bank and above the second
electrode plate group; and

forming a counter electrode disposed to cover both the first

organic functional layer and the second organic func-
tional layer, wherein
forming a first electrode plate group includes forming at
least one concavity on each of the first electrode plates,

forming a second electrode plate group includes forming at
least one concavity on each of the second electrode
plates,

preparing a substrate, forming a thin-film transistor (TFT)

layer on the substrate, and forming an interlayer insula-
tion film on the TFT layer occurs prior to forming a first
electrode plate group,

aplurality of contact holes penetrate through the interlayer

insulation film and have wiring lines connecting the first
electrode plates and the second electrode plates with the
TFT layer when forming the interlayer insulation film on
the TFT layer,

the first electrode plates and the second electrode plates

being partially formed along an inner surface of the
plurality of contact holes to form the at least one con-
cavity in the first electrode plates and the second elec-
trode plates,
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atotal volume of the at least one concavity in any of the first
electrode plates being larger than a total volume of the at
least one concavity in any of the second electrode plates,

a volume of a portion of the first organic functional layer
corresponding to any of the first electrode plates at least
approximates a volume of the second organic functional
layer corresponding to any of the second electrode
plates, and

aportion of the first organic functional layer that enters into
the at least one concavity in any of the first electrode
plates is larger than a portion of the second organic
functional layer that enters into the at least one concavity
in any of the second electrode plates, so that in locations
other than the at least one concavity in the first electrode
plates and the second electrode plates, the first organic
functional layer is thinner than the second organic func-
tional layer.

19. A method of manufacturing an organic electrolumines-

cence (EL) display panel, comprising:

forming a first electrode plate group including a plurality of
first electrode plates corresponding to a first color
arranged in a first predetermined line;

forming a second electrode plate group including a plural-
ity of second electrode plates corresponding to a second
color arranged in a second predetermined line adjacent
to the first electrode plate group;

forming a first bank along an edge of the first electrode
plate group opposite the second electrode plate group;

forming a second bank between the first electrode plate
group and the second electrode plate group along
respective edges thereof;

forming a third bank along an edge of the second electrode
plate group opposite the first electrode plate group;

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

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

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

forming a first electrode plate group includes forming at
least one concavity on each of the first electrode plates,

forming a second electrode plate group includes forming at
least one concavity on each of the second electrode
plates,

each concavity in the first electrode plates and the second
electrode plates is a circular truncated cone, a diameter
at a top of each concavity being larger than a diameter at
a bottom of each concavity,

the diameter at the top of each of the at least one concavity
in any of the first electrode plates is larger than the
diameter at the top of each of the at least one concavity
in any of the second electrode plates, so that a total
volume of the at least one concavity in any of the first
electrode plates is larger than a total volume of the at
least one concavity in any of the second electrode plates,

a volume of a portion of the first organic functional layer
corresponding to any of the first electrode plates at least
approximates a volume of the second organic functional
layer corresponding to any of the second electrode
plates, and
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aportion of the first organic functional layer that enters into
the at least one concavity in any of the first electrode
plates is larger than a portion of the second organic
functional layer that enters into the at least one concavity
in any of the second electrode plates, so that in locations
other than the at least one concavity in the first electrode
plates and the second electrode plates, the first organic
functional layer is thinner than the second organic func-
tional layer.

20. The method of manufacturing an organic EL display
panel of claim 19 wherein a diameter at a bottom of each of
the at least one concavity in any of the first electrode plates is
larger than a diameter at a bottom of each of the at least one
concavity in any of the second electrode plates.

21. The method of manufacturing an organic EL display
panel of claim 19, wherein a diameter at a bottom of each of
the at least one concavity in any of the first electrode plates at
least approximates a diameter at a bottom of each of the at
least one concavity in any of the second electrode plates.

22. A method of manufacturing an organic electrolumines-
cence (EL) display panel, comprising:

forming a first electrode plate group including a plurality of
first electrode plates corresponding to a first color
arranged in a first predetermined line;

forming a second electrode plate group including a plural-
ity of second electrode plates corresponding to a second
color arranged in a second predetermined line adjacent
to the first electrode plate group;

forming a first bank along an edge of the first electrode
plate group opposite the second electrode plate group;

forming a second bank between the first electrode plate
group and the second electrode plate group along
respective edges thereof;

forming a third bank along an edge of the second electrode
plate group opposite the first electrode plate group;

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

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

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

forming a first electrode plate group includes forming at
least one concavity on each of the first electrode plates,

forming a second electrode plate group includes forming at
least one concavity on each of the second electrode
plates,

a first pixel defining layer being formed to cover the at least
one concavity in each of the first electrode plates after
forming the first electrode plate group; and

a second pixel defining layer being formed to cover the at
least one concavity in each of the second electrode plates
after forming the second electrode plate group,

the first organic functional layer being formed above the
first pixel defining layer when forming the first organic
functional layer,

the second organic functional layer being formed above the
second pixel defining layer when forming the second
organic functional layer,

atotal volume of the at least one concavity in any of the first
electrode plates being larger than a total volume of the at
least one concavity in any of the second electrode plates,
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a volume of a portion of the first organic functional layer
corresponding to any of the first electrode plates being at
least an approximation of a volume of the second
organic functional layer corresponding to any of the
second electrode plates, and

aportion of the first organic functional layer that enters into
the at least one concavity in any of the first electrode
plates being larger than a portion of the second organic
functional layer that enters into the at least one concavity
in any of the second electrode plates, so that in locations
other than the at least one concavity in the first electrode
plates and the second electrode plates, the first organic
functional layer is thinner than the second organic func-
tional layer.

23. A method of manufacturing an organic electrolumines-

cence (EL) display panel, comprising:

forming a first electrode plate group including a plurality of
first electrode plates corresponding to a first color
arranged in a first predetermined line;

forming a second electrode plate group including a plural-
ity of second electrode plates corresponding to a second
color arranged in a second predetermined line adjacent
to the first electrode plate group;

forming a first bank along an edge of the first electrode
plate group opposite the second electrode plate group;

forming a second bank between the first electrode plate
group and the second electrode plate group along
respective edges thereof;

forming a third bank along an edge of the second electrode
plate group opposite the first electrode plate group;

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

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

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

forming a first electrode plate group includes forming at
least one concavity on each of the first electrode plates,

forming a second electrode plate group includes forming at
least one concavity on each of the second electrode
plates,

the first organic functional layer being formed to be con-
tinuous above the first electrode plate group due to ink
drops of a predetermined volume being sprayed via an
inkjet method when forming the first organic functional
layer,

the second organic functional layer being formed to be
continuous above the second electrode plate group due
to ink drops of a predetermined volume being sprayed
via an inkjet method when forming the second organic
functional layer,

a volume of a portion of the first organic functional layer
corresponding to any of the first electrode plates being
formed to at least approximate a volume of a portion of
the second organic functional layer corresponding to
any of the second electrode plates,

when ink drops of a predetermined volume are sprayed via
the inkjet method, the first organic functional layer and
the second organic functional layer are formed to a



US 2012/0001186 Al

thickness between a thickness formed by spraying n of
the ink drops and a thickness formed by spraying n+1 of
the ink drops,

atotal volume of the at least one concavity in any of the first

electrode plates is larger than a total volume of the at
least one concavity in any of the second electrode plates,
and

aportion of the first organic functional layer that enters into

the at least one concavity in any of the first electrode
plates is larger than a portion of the second organic
functional layer that enters into the at least one concavity
in any of the second electrode plates, so that in locations
other than the at least one concavity in the first electrode
plates and the second electrode plates, the first organic
functional layer being thinner than the second organic
functional layer.

24. The method of manufacturing an organic EL display
panel of claim 18, wherein a number of concavities included
in each of the first electrode plates is larger than a number of
concavities included in each of the second electrode plates,
and a volume of a portion of the first organic functional layer
that enters all of the concavities in any of the first electrode
plates is larger than a volume of a portion of the second
organic functional layer that enters all of the concavities in
any of the second electrode plates.

25. 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 one of a charge
injection layer and a charge transport layer.

26. 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.

27. The method of manufacturing an organic EL display
panel of claim 18, wherein the electrode plates comprise
anodes, and the counter electrode comprises a cathode.

28. The method of manufacturing an organic EL display
panel of claim 18, wherein the electrode plates comprise
cathodes, and the counter electrode comprises an anode.

29. A method of manufacturing an organic electrolumines-
cence (EL) display panel, comprising:

forming a first electrode plate group including a plurality of

first electrode plates corresponding to a first color
arranged in a first predetermined line;

forming a second electrode plate group including a plural-

ity of second electrode plates corresponding to a second
color arranged in a second predetermined line adjacent
to the first electrode plate group;

forming a third electrode plate group including a plurality

of third electrode plates corresponding to a third color
arranged in a third predetermined line adjacent to the
second electrode plate group;
forming a first bank along an edge of the first electrode
plate group opposite the second electrode plate group;

forming a second bank between the first electrode plate
group and the second electrode plate group along
respective edges thereof;

forming a third bank between the second electrode plate

group and the third electrode plate group along respec-
tive edges thereof;

forming a fourth bank along an edge of the third electrode

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

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

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

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

each of the formed first electrode plates, each of the formed
second electrode plates, and each of the third electrode
plates includes at least one concavity,

forming a first electrode plate group includes forming at
least one concavity on each of the first electrode plates;

forming a second electrode plate group includes forming at
least one concavity on each of the second electrode
plates;

forming a third electrode plate group includes forming at
least one concavity on each of the third electrode plates;

preparing a substrate, forming a thin-film transistor (TFT)
layer on the substrate, and forming an interlayer insula-
tion film on the TFT layer prior to forming the first
electrode plate group,

a plurality of contact holes penetrating through the inter-
layer insulation film and having wiring lines connecting
the first electrode plates, the second electrode plates, and
the third electrode plates with the TFT layer when form-
ing the interlayer insulation film on the TFT layer,

the first electrode plates, the second electrode plates, and
the third electrode plates being partially formed along an
inner surface of the plurality of contact holes to form the
at least one concavity in the first electrode plates, the
second electrode plates, and the third electrode plates,

atotal volume of the at least one concavity in any of the first
electrode plates being formed larger than a total volume
of the at least one concavity in any of the second elec-
trode plates and than a total volume of the at least one
concavity in any of the third electrode plates,

a volume of a portion of the first organic functional layer
corresponding to any of the first electrode plates being
formed to at least approximate a volume of the second
organic functional layer corresponding to any of the
second electrode plates and to a volume of the third
organic functional layer corresponding to any of the
third electrode plates, and

aportion of the first organic functional layer that enters into
the at least one concavity in any of the first electrode
plates being larger than a portion of the second organic
functional layer that enters into the at least one concavity
in any of the second electrode plates and larger than a
portion of the third organic functional layer that enters
into the at least one concavity in any of the third elec-
trode plates, so that in locations other than the at least
one concavity in the first electrode plates, the second
electrode plates, and the third electrode plates, the first
organic functional layer is formed thinner than the sec-
ond organic functional layer and the third organic func-
tional layer.

30. The method of manufacturing an organic EL display

panel of claim 18, wherein the first color is blue.
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31. The method of manufacturing an organic EL display
panel of claim 18, wherein the first organic functional layer,
the second organic functional layer, and the third organic
functional layer are each one of a charge injection layer and a
charge transport layer.

32. The method of manufacturing an organic EL display
panel of claim 18, wherein the first organic functional layer,
the second organic functional layer, and the third organic
functional layer are each an organic light-emitting layer.

33. The method of manufacturing an organic EL display
panel of claim 18, wherein the electrode plates comprise
anodes, and the counter electrode comprises a cathode.

34. The method of manufacturing an organic EL display
panel of claim 18, wherein the electrode plates comprise
cathodes, and the counter electrode comprises an anode.

35. An organic electroluminescence (EL) display panel,
comprising:

a first electrode plate group including a plurality of first
electrode plates corresponding to a first color arranged
in a first predetermined line;

a second electrode plate group including a plurality of
second electrode plates corresponding to a second color
arranged in a second predetermined line adjacent to the
first electrode plate group;

a first bank along an edge of the first electrode plate group
opposite the second electrode plate group;

a second bank between the first electrode plate group and
the second electrode plate group along respective edges
thereof;

a third bank along an edge of the second electrode plate
group opposite the first 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;

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

a thin-film transistor (TFT) layer provided below the first
electrode plate group;

an interlayer insulation film layered between the first elec-
trode plate group and the TFT layer; and

a contact hole that penetrates through the interlayer insu-
lation film and has a wiring line connecting the first
electrode plate group with the TFT layer, wherein

each of the first electrode plates includes a concavity,

the concavity included in each of the first electrode plates
coincides with the contact hole,

a volume of the first organic functional layer on any of the
first electrode plates at least approximates a volume of
the second organic functional layer on any of the second
electrode plates, and
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a portion of the first organic functional layer has entered
into the concavity in each of the first electrode plates, so
that in locations other than the concavity, the first
organic functional layer on the first electrode plates is
thinner than the second organic functional layer on the
second electrode plates.

36. A method of manufacturing an organic electrolumines-

cence (EL) display panel, comprising:

forming a first electrode plate group including a plurality of
first electrode plates corresponding to a first color
arranged in a first predetermined line;

forming a second electrode plate group including a plural-
ity of second electrode plates corresponding to a second
color arranged in a second predetermined line adjacent
to the first electrode plate group;

forming a first bank along an edge of the first electrode
plate group opposite the second electrode plate group;

forming a second bank between the first electrode plate
group and the second electrode plate group along
respective edges thereof;

forming a third bank along an edge of the second electrode
plate group opposite the first electrode plate group;

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

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

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

forming a first electrode plate group includes forming a
concavity on each of the first electrode plates,

preparing a substrate, forming a thin-film transistor (TFT)
layer on the substrate, and forming an interlayer insula-
tion film on the TFT layer prior to forming the first
electrode plate group,

a contact hole penetrating through the interlayer insulation
film and having a wiring line connecting the first elec-
trode plate with the TFT layer when forming the inter-
layer insulation film on the TFT layer,

each first electrode plate being partially formed along an
inner surface of the contact hole so as to form the con-
cavity in the first electrode plate,

a volume the formed first organic functional layer being at
least equal to an approximation of a volume of the
formed second organic functional layer, and

a portion of the first organic functional layer enters into the
concavity in each of the first electrode plates, so that in
locations other than the concavity, the first organic func-
tional layer on the first electrode plates is formed thinner
than the second organic functional layer on the second
electrode plates.
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