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ORGANIC EL DISPLAY PANEL AND
MANUFACTURING METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT Applica-
tion No. PCT/JP10/003,129 filed May 7, 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.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic EL dis-
play panel, and in particular to technology for improving
aperture ratio.

[0004] 2. Description of the Related Art

[0005] In recent years, research and development has pro-
gressed in the area of organic electroluminescence (hereinaf-
ter “organic EL”) display panels that use the phenomenon of
electroluminescence of organic material. Each organic EL
cell composing an organic EL display panel is composed of
an anode, a cathode, and an organic light-emitting layer pro-
vided therebetween. The anode is layered on an interlayer
insulation film that is layered on a Thin Film Transistor (TFT)
substrate for driving the cells. To connect the anode with an
electrode of the TFT, a through-hole (contact hole) is pro-
vided in the direction of thickness of the interlayer insulation
film. So that the contact hole will not emit light, the contact
hole is buried under the bank. However, such a structure
hinders improvement of aperture ratio, which prevents an
increase in the light-emitting surface area in an organic EL
display panel and prevents improvement of luminous effi-
ciency (see Patent Literature 1).

PATENT LITERATURES

[0006] [Patent Literature 1] Japanese Patent Application
Publication No. 2007-61674

SUMMARY OF INVENTION

[0007] Inordertoimprove aperture ratio, a contact hole that
is buried under a conventional bank may simply be provided
within an aperture surrounded by the bank. However, in such
a structure, the organic light-emitting layer becomes concave
in conformity with the recess of the contact hole. In this case,
although light-emitting material used in the organic light-
emitting layer is viscous, the light-emitting material flows
towards the bottom surface of the contact hole due to gravity.
As a result, the organic light-emitting layer becomes thinner
along the slanted surface that extends from the upper periph-
ery of the contact hole to the bottom surface of the contact
hole, in particular around the upper periphery of the contact
hole. In the region where the film becomes thinner, the dis-
tance between the anode and the cathode becomes shorter
than other regions. This results in irregular light emission due
to concentration of the electric field, which causes the prob-
lem of shortening the lifetime of the organic EL display panel.
[0008] Inlight of the above problems, it is an object of the
present invention to provide an organic EL display panel that
improves luminous efficiency by providing contact holes
within apertures in the bank to improve the aperture ratio, and
that can also prevent shortening of the display panel’s lifetime
by not causing concentration of the electric field.
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[0009] Inorder to solve the above problems, an organic EL
display panel according to an aspect of the present invention
comprises a TFT layer; an interlayer insulation film formed
on the TFT layer and including a plurality of contact holes,
one per pixel; a plurality of first electrodes, one per pixel,
formed on the interlayer insulation film so as to conduct with
the TFT layer via the contact holes; a bank formed into a grid
with a plurality of apertures, at least one per color, and one or
more of the contact holes being located beneath each aper-
ture; a first organic light-emitting layer formed in each aper-
ture corresponding to one or more pixels of a first color; a
second organic light-emitting layer formed in each aperture
corresponding to one or more pixels of a second color; and a
second electrode formed above the first organic light-emitting
layer and the second organic light-emitting layer, wherein at
each aperture in which the first organic light-emitting layer is
formed, each contact hole and a region thereabove constitutes
a first contact hole region, at each aperture in which the
second organic light-emitting layer is formed, each contact
hole and aregion thereabove constitutes a second contact hole
region, and a first-material layer of a same material as the first
organic light-emitting layer and a second-material layer of a
same material as the second organic light-emitting layer are
superimposed in the first contact hole region and the second
contact hole region.

[0010] In an organic EL display panel according to an
aspect of the present invention with the above structure, the
aperture formed for each pixel within the bank is formed to
include the contact hole, which thereby enlarges the aperture
and increases aperture ratio. This increases the light-emitting
surface area and improves luminous efficiency. Specifically,
in the contact hole region in the apertures, in addition to an
organic light-emitting layer of one of three colors, an organic
light-emitting layer of one of the other two colors is super-
imposed, making the film thickness of the contact hole region
thicker than the organic light-emitting layer formed in a
region of the aperture other than the contact hole region. This
prevents concentration of the electric field along the slanted
surface that extends from the upper periphery of the contact
hole to the bottom surface of the contact hole, in particular
around the upper periphery of the contact hole.

[0011] Furthermore, since the film thickness of the organic
light-emitting layer formed in the contact hole region in the
apertures is thicker than the organic light-emitting layer
formed in the region other than the contact hole region in the
apertures, the electric field is smaller as compared to the
region other than the contact hole region. Accordingly, while
the organic light-emitting layer emits light in the region other
than the contact hole region, the organic light-emitting layer
either does not emit light in the contact hole region or emits
light at a lower luminance than in the region other than the
contact hole region. However, the contact hole region occu-
pies only a very small area within the aperture, and therefore
even if the contact hole region does not emit light, or emits
light at a low luminance, there is little overall effect on the
aperture as a whole. Thus a problem of an overall decrease in
luminescence brightness does not occur. Therefore, by
including the contact hole beneath the aperture formed for
each pixel within the bank and increasing the aperture ratio,
luminescence brightness can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG.1is a plan view schematically showing part of
an organic EL display panel according to Embodiment 1 of
the present invention.
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[0013] FIG. 2 is a cross-section diagram schematically
showing a cross-section of an organic EL display panel
according to Embodiment 1 ofthe present invention, focusing
on an organic EL cell of a first color.

[0014] FIGS. 3A and 3B show a contact hole in an organic
EL cell according to Embodiment 1 of the present invention.

[0015] FIG. 4 shows a contact hole in an organic EL cell
according to Embodiment 1 of the present invention (contin-
ued from FIGS. 3A and 3B).

[0016] FIG. 5 is a cross-section diagram schematically
showing a cross-section of an organic EL display panel
according to Embodiment 1 ofthe present invention, focusing
on an organic EL cell of a second color.

[0017] FIGS. 6A, 6B, and 6C are schematic diagrams of a
distribution of luminescence brightness in an aperture
according to Embodiment 1 of the present invention.

[0018] FIGS. 7A-7E are process drawings to illustrate a
manufacturing method of an organic EL display panel
according to Embodiment 1 of the present invention.

[0019] FIGS. 8A-8F are process drawings to illustrate a
manufacturing method of an organic EL display panel
according to Embodiment 1 of the present invention (contin-
ved from FIGS. 7A-7E).

[0020] FIG. 9 is a cross-section diagram schematically
showing a cross-section of an organic EL display panel
according to Embodiment 2 of the present invention, focusing
on a green organic EL cell.

[0021] FIG. 10 is a cross-section diagram schematically
showing a cross-section of an organic EL display panel
according to Embodiment 2 of the present invention, focusing
on a red organic EL cell.

[0022] FIG. 11 is a cross-section diagram schematically
showing a cross-section of an organic EL display panel
according to Embodiment 2 of the present invention, focusing
on a blue organic EL cell.

[0023] FIGS. 12A-12H are process drawings to illustrate a
manufacturing method of an organic EL display panel
according to Embodiment 2 of the present invention.

[0024] FIGS. 13A-13D are process drawings to illustrate a
manufacturing method of an organic EL display panel
according to Embodiment 2 of the present invention (contin-
ued from FIGS. 12A-12H).

[0025] FIG. 14 is a cross-section diagram schematically
showing part of an organic EL display panel that is provided
with an IL layer and electron injection layer according to a
Modification of the present invention.

[0026] FIG. 15 is a cross-section diagram schematically
showing part of an organic EL display panel that is provided
with an IL layer and electron injection layer according to the
Modification of the present invention.

[0027] FIG.16isaplan view schematically showing part of
an organic EL display panel with a line bank according to
another Modification of the present invention.

[0028] FIG. 17 is a cross-section diagram schematically
showing a cross-section of an organic EL display panel
according to the other Modification of the present invention,
focusing on a green organic EL cell.

[0029] FIG. 18 is a cross-section diagram schematically
showing a cross-section of an organic EL display panel
according to the other Modification of the present invention,
focusing on an organic EL cell of a second color.
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[0030] FIG.19isaplanview schematically showing part of
an organic ELL display panel having contact holes (square
holes) according to yet another Modification of the present
invention.

[0031] FIG. 20 is an external perspective view of a display
device according to yet another Modification of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

1. Aspects of the Invention

[0032] An organic EL display panel according to an aspect
of the present invention comprises a TFT layer; an interlayer
insulation film formed on the TFT layer and including a
plurality of contact holes, one per pixel; a plurality of first
electrodes, one per pixel, formed on the interlayer insulation
film so as to conduct with the TFT layer via the contact holes;
abank formed into a grid with a plurality of apertures, at least
one per color, and one or more of the contact holes being
located beneath each aperture; a first organic light-emitting
layer formed in each aperture corresponding to one or more
pixels of a first color; a second organic light-emitting layer
formed in each aperture corresponding to one or more pixels
of a second color; and a second electrode formed above the
first organic light-emitting layer and the second organic light-
emitting layer, wherein at each aperture in which the first
organic light-emitting layer is formed, each contact hole and
a region thereabove constitutes a first contact hole region, at
each aperture in which the second organic light-emitting layer
is formed, each contact hole and a region thereabove consti-
tutes a second contact hole region, and a first-material layer of
a same material as the first organic light-emitting layer and a
second-material layer of a same material as the second
organic light-emitting layer are superimposed in the first con-
tact hole region and the second contact hole region.

[0033] The second-material layer may be superimposed on
the first-material layer in the first contact hole region and the
second contact hole region.

[0034] In this aspect, the relative positions of the second-
material layer and the first-material layer in the contact hole
regions can be defined.

[0035] At each aperture in which the first organic light-
emitting layer is formed, a film thickness in the first contact
hole region, in which the second-material layer is superim-
posed, may be thicker than a film thickness of the first organic
light-emitting layer formed in a region other than the first
contact hole region. At each aperture in which the second
organic light-emitting layer is formed, a film thickness in the
second contact hole region, in which the first-material layer is
superimposed, may be thicker than a film thickness of the
second organic light-emitting layer formed in a region other
than the second contact hole region.

[0036] Inthis aspect, the organic light-emitting layer in the
contact hole region, in which a plurality of colors are super-
imposed, is thicker than the film thickness in the region other
than the contact hole region. Therefore, in the contact hole
region in which a plurality of colors are superimposed, the
electric field is smaller as compared to the region other than
the contact hole region, so that light is emitted in the region
other than the contact hole region, whereas in the contact hole
region, either luminance decreases, or light is not emitted.
However, the contact hole region occupies only a very small
area within the aperture, and therefore even if the contact hole
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region does not emit light, or emits light at a low luminance,
there is little overall effect on the aperture as a whole. Thus a
problem of an overall decrease in luminescence brightness
does not occur. Therefore, by including the contact hole
beneath the aperture formed for each pixel within the bank
and increasing the aperture ratio, luminescence brightness
can be increased.

[0037] The organic EL display panel may further comprise
a third organic light-emitting layer formed in each aperture
corresponding to one or more pixels of a third color. The
second electrode may be formed above the first organic light-
emitting layer, the second organic light-emitting layer, and
the third organic light-emitting layer. At each aperture in
which the third organic light-emitting layer is formed, each
contact hole and a region thereabove constitutes a third con-
tact hole region, and the first-material layer, the second-ma-
terial layer, and a third-material layer of a same material as the
third organic light-emitting layer may be superimposed in the
first contact hole region, the second contact hole region, and
the third contact hole region.

[0038] In this aspect, the organic light-emitting layer
included in each pixel can be formed using organic light-
emitting layers that emit red, green, and blue light.

[0039] The second-material layer may be superimposed on
the first-material layer, and the third-material layer may be
superimposed on the second-material layer, in the first con-
tact hole region, the second contact hole region, and the third
contact hole region.

[0040] In this aspect, the relative positions of the third-
material layer, the second-material layer, and the first-mate-
rial layer in the contact hole regions can be defined.

[0041] At each aperture in which the first organic light-
emitting layer is formed, a film thickness in the first contact
hole region, in which the first-material layer, the second-
material layer, and the third-material layer are superimposed,
may be thicker than a film thickness of the first organic
light-emitting layer formed in a region other than the first
contact hole region. At each aperture in which the second
organic light-emitting layer is formed, a film thickness in the
second contact hole region, in which the first-material layer,
the second-material layer, and the third-material layer are
superimposed, may be thicker than a film thickness of the
second organic light-emitting layer formed in a region other
than the second contact hole region. At each aperture in which
the third organic light-emitting layer is formed, a film thick-
ness in the third contact hole region, in which the first-mate-
rial layer, the second-material layer, and the third-material
layer are superimposed, may be thicker than a film thickness
of the third organic light-emitting layer formed in a region
other than the third contact hole region.

[0042] In this aspect, in each of the pixels that respectively
emit red, green, and blue light, the organic light-emitting
layer included in the contact hole region, in which a plurality
of colors are superimposed, has a thicker film thickness than
a region other than the contact hole. Therefore, in the contact
hole region in which a plurality of colors are superimposed,
the electric field is smaller as compared to the region other
than the contact hole region, so that light is emitted in the
region other than the contact hole region, whereas in the
contact hole region, either luminance decreases, or light is not
emitted. However, the contact hole region occupies only a
very small area within the aperture, and therefore even if the
contact hole region does not emit light, or emits light at a low
luminance, there is little overall effect on the aperture as a
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whole. Thus a problem of an overall decrease in luminescence
brightness does not occur. Therefore, by including the contact
hole beneath the aperture formed for each pixel within the
bank and increasing the aperture ratio, luminescence bright-
ness can be increased.

[0043] The bank may be formed into a grid with a plurality
of apertures formed in lines for each color.

[0044] In this aspect, the aperture for each pixel formed in
the line bank is formed to include the contact holes, which
thereby enlarges the apertures and increases aperture ratio.
This increases the light-emitting surface area and improves
luminous efficiency.

[0045] The bank may be formed into a grid with a plurality
of apertures, each aperture corresponding to one pixel, to one
color, and to one of the first electrodes.

[0046] In this aspect, the aperture for each pixel formed in
the pixel bank is formed to include the contact hole, which
thereby enlarges the apertures and increases aperture ratio.
This increases the light-emitting surface area and improves
luminous efficiency.

[0047] The firstcolor and the second color may each be one
of'red, green, and blue.

[0048] Inthisaspect, the first color and the second color can
each be one of red, green, and blue.

[0049] The first color, the second color, and the third color
may be different colors. The first color, the second color, and
the third color may each be one of red, green, and blue.
[0050] In this aspect, the first color, the second color, and
the third color are different colors, and each can be one of red,
green, and blue.

[0051] The interlayer insulation film may be a planarizing
film.
[0052] Inthis aspect, unevenness in the surface of the TFT

layer can be planarized.

[0053] An organic EL display device according to the
present invention comprises the above-described organic EL
display panel.

[0054] In this aspect, an organic EL display device pro-
vided with the organic EL display panel can be achieved.
[0055] A manufacturing method of an organic EL display
panel according to the present invention comprises the steps
of: a first step to form a TFT layer; a second step to form an
interlayer insulation film on the TFT layer; a third step to form
a plurality of contact holes, one per pixel, in the interlayer
insulation film; a fourth step to form a plurality of first elec-
trodes on the interlayer insulation film, so as to conduct with
the TFT layer via the contact holes; a fifth step to form a bank
into a grid with a plurality of apertures, at least one per color,
and one or more of the contact holes being located beneath
each aperture; a sixth step to form a first organic light-emit-
ting layer in each aperture corresponding to one or more
pixels of a first color; a seventh step to form a second organic
light-emitting layer in each aperture corresponding to one or
more pixels of a second color; and an eighth step to form a
second electrode above the first organic light-emitting layer
and the second organic light-emitting layer, wherein at each
aperture, each contact hole and a region thereabove consti-
tutes a contact hole region, and a first-material layer of a same
material as the first organic light-emitting layer and a second-
material layer of a same material as the second organic light-
emitting layer are superimposed in the contact hole region.
[0056] Inthis aspect, in the contact hole region included in
the aperture in which the organic light-emitting layer of one
of the three colors is formed, an organic light-emitting layer
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of one of the other two colors is superimposed. Accordingly,
the organic light-emitting layer formed in the contact hole
region can be formed to a thick film thickness, thus making it
possible to manufacture an organic EL display panel that
prevents the occurrence of concentration of the electric field
along the slanted surface that extends from the upper periph-
ery of the contact hole to the bottom surface of the contact
hole.

[0057] Furthermore, since the film thickness of the organic
light-emitting layer formed in the contact hole region in the
apertures is thicker than the organic light-emitting layer
formed in the region other than the contact hole region in the
apertures, the electric field is smaller as compared to the
region other than the contact hole region. Accordingly, while
the organic light-emitting layer emits light in the region other
than the contact hole region, the organic light-emitting layer
either does not emit light in the contact hole region or emits
light at a lower luminance than in the region other than the
contact hole region. However, the contact hole region occu-
pies only a very small area within the aperture, and therefore
even if the contact hole region does not emit light, or emits
light at a low luminance, there is little overall effect on the
aperture as a whole. Thus a problem of an overall decrease in
luminescence brightness does not occur. Therefore, by
including the contact hole beneath the aperture formed for
each pixel within the bank and increasing the aperture ratio,
luminescence brightness can be increased.

[0058] The second-material layer may be superimposed on
the first-material layer.

[0059] In this aspect, the relative positions of the second-
material layer and the first-material layer in the contact hole
regions can be defined.

[0060] At each aperture in which the first organic light-
emitting layer is formed, a film thickness in the contact hole
region, in which the second-material layer is superimposed,
may be thicker than a film thickness of the first organic
light-emitting layer formed in a region other than the contact
hole region. At each aperture in which the second organic
light-emitting layer is formed, a film thickness in the contact
hole region, in which the first-material layer is superimposed,
may be thicker than a film thickness of the second organic
light-emitting layer formed in a region other than the contact
hole region.

[0061] Inthis aspect, the organic light-emitting layer in the
contact hole region, in which a plurality of colors are super-
imposed, is thicker than the film thickness in the region other
than the contact hole region. Therefore, in the contact hole
region in which a plurality of colors are superimposed, the
electric field is smaller as compared to the region other than
the contact hole region, so that light is emitted in the region
other than the contact hole region, whereas in the contact hole
region, either luminance decreases, or light is not emitted.
However, the contact hole region occupies only a very small
area within the aperture, and therefore even if the contact hole
region does not emit light, or emits light at a low luminance,
there is little overall effect on the aperture as a whole. Thus a
problem of an overall decrease in luminescence brightness
does not occur. Therefore, a manufacturing method of an
organic EL display panel that increases luminescence bright-
ness can be achieved by including the contact hole beneath
the aperture formed for each pixel within the bank and
increasing the aperture ratio.
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[0062] An ink-jet method may be used to form the first
organic light-emitting layer in the sixth step and the second
organic light-emitting layer in the seventh step.

[0063] Inthisaspect, the ink jet method can be used to form
the first organic light-emitting layer in the sixth step and the
second organic light-emitting layer in the seventh step. With
the ink-jet method, ink that includes the organic EL light-
emitting material can be dripped to a high degree of precision
in predetermined locations of pixels, such as the contact hole.
Therefore, the light-emitting layers can be formed without
using additional material or manufacturing processes, such as
a mask.

[0064] In the sixth step, ink including an organic light-
emitting material of the first color may be dripped into the
contact hole included beneath each aperture corresponding to
one or more pixels of the second color. In the seventh step, ink
including an organic light-emitting material of the second
color may be dripped into the contact hole included beneath
each aperture corresponding to one or more pixels of the first
color.

[0065] In this aspect, in order to superimpose an organic
light-emitting layer of a different color in the contact hole
region included in the aperture in which the organic light-
emitting layer of a certain color is formed, a new, separate
process is not necessary. Rather, it suffices to use an existing
process, in which the ink-jet head that applies ink with the
organic light-emitting material of a certain color passes over
the contact holes included in apertures corresponding to pix-
els of different colors. Therefore, even when aperture ratio is
increased by including contact holes within apertures defined
by the bank, an extremely simple process that makes use of an
existing process can be employed to increase luminous effi-
ciency while preventing the occurrence of concentration of
the electric field in contact holes.

[0066] After ink including an organic light-emitting mate-
rial of the first color is dripped into the contact hole included
beneath each aperture corresponding to one or more pixels of
the second color in the sixth step, and before the seventh step,
the ink including an organic light-emitting material of the first
color may be dried, the seventh step being performed after
drying.

[0067] In this aspect, the film of ink that includes organic
light-emitting material of the first color is dried to form the
solid film of the first organic light-emitting layer, and in the
seventh step, ink that includes the organic light-emitting
material of the second color is coated on the first organic
light-emitting layer that has turned into the solid film. As a
result, the ink used in the first organic light-emitting layer,
which has turned into a solid film, and the ink that includes the
organic light-emitting material of the second color do not mix
with each other.

[0068] The organic light-emitting material in the first
organic light-emitting layer is thus prevented from mixing
with the organic light-emitting material of the second color.

[0069] The manufacturing method may further comprise a
ninth step, between the seventh step and the eighth step, to
form a third organic light-emitting layer in each aperture
corresponding to one or more pixels of a third color. In the
eighth step, the second electrode may be formed above the
first organic light-emitting layer, the second organic light-
emitting layer, and the third organic light-emitting layer. The
first-material layer, the second-material layer, and a third-
material layer of a same material as the third organic light-
emitting layer may be superimposed in the contact hole
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region included at each aperture in which the first organic
light-emitting layer is formed, the contact hole region
included at each aperture in which the second organic light-
emitting layer is formed, and the contact hole region included
at each aperture in which the third organic light-emitting layer
is formed.

[0070] In this aspect, an organic EL display panel can be
manufactured such that the colors of the organic light-emit-
ting layers included in the pixels are the three colors of light
emitted by pixels: red, green, and blue.

[0071] At each aperture in which the first organic light-
emitting layer is formed, a film thickness in the contact hole
region, in which the first-material layer, the second-material
layer, and the third-material layer are superimposed, may be
formed to be thicker than a film thickness of the first organic
light-emitting layer formed in a region other than the contact
hole region. At each aperture in which the second organic
light-emitting layer is formed, a film thickness in the contact
hole region, in which the first-material layer, the second-
material layer, and the third-material layer are superimposed,
may be formed to be thicker than a film thickness of the
second organic light-emitting layer formed in a region other
than the contact hole region. At each aperture in which the
third organic light-emitting layer is formed, a film thickness
in the contact hole region, in which the first-material layer, the
second-material layer, and the third-material layer are super-
imposed, may be formed to be thicker than a film thickness of
the third organic light-emitting layer formed in a region other
than the contact hole region.

[0072] In this aspect, a manufacturing method can be
achieved for an organic EL display panel in which the colors
of the organic light-emitting layers included in the pixels are
the three colors of light emitted by pixels, i.e. red, green, and
blue, and which increases luminous efficiency while prevent-
ing the occurrence of concentration of the electric field in
contact holes.

[0073] An ink-jet method may be used to form the first
organic light-emitting layer in the sixth step, the second
organic light-emitting layer in the seventh step, and the third
organic light-emitting layer in the eighth step.

[0074] Inthisaspect, the ink-jet method can be used to form
the first organic light-emitting layer in the sixth step, the
second organic light-emitting layer in the seventh step, and
the third organic light-emitting layer in the eighth step. With
the ink-jet method, ink that includes the organic EL light-
emitting material can be dripped to a high degree of precision
in predetermined locations of pixels, such as the contact hole.
Therefore, the light-emitting layers can be formed without
using additional material or manufacturing processes, such as
a mask.

[0075] In the sixth step, ink including an organic light-
emitting material of the first color may be dripped into the
contact hole included beneath each aperture corresponding to
one or more pixels of the second color, and ink including an
organic light-emitting material of the first color may be
dripped into the contact hole included beneath each aperture
corresponding to one or more pixels of the third color. In the
seventh step, ink including an organic light-emitting material
of the second color may be dripped into the contact hole
included beneath each aperture corresponding to one or more
pixels of the first color, and ink including an organic light-
emitting material of the second color may be dripped into the
contact hole included beneath each aperture corresponding to
one or more pixels of the third color. In the eighth step, ink

Nov. 10, 2011

including an organic light-emitting material of the third color
may be dripped into the contact hole included beneath each
aperture corresponding to one or more pixels of the first color,
and ink including an organic light-emitting material of the
third color may be dripped into the contact hole included
beneath each aperture corresponding to one or more pixels of
the second color.

[0076] Inthis aspect, when the ink jet head that applies ink
with the organic light-emitting material of the first color
passes over a contact hole included in an aperture correspond-
ing to one or more pixels of the second color among the
plurality of apertures, the ink jet head applies ink with the
organic light-emitting material of the first color in the contact
hole included in the aperture corresponding to the pixel of the
second color. Furthermore, when the ink-jet head that applies
ink with the organic light-emitting material of the first color
passes over a contact hole included in an aperture correspond-
ing to one or more pixels of the third color among the plurality
of apertures, the ink jet head applies ink with the organic
light-emitting material of the first color in the contact hole
included in the aperture corresponding to the pixel of the third
color.

[0077] Accordingly, in order to superimpose an organic
light-emitting layer of two out of three colors in a contact hole
region included in an aperture in which an organic light-
emitting layer of the other of the three colors is formed, a new,
separate process is not necessary. Rather, it suffices to use an
existing process, in which the ink-jet head that sprays ink with
the organic light-emitting material of a certain color passes
over the contact holes included in apertures corresponding to
pixels of different colors. Therefore, even when aperture ratio
is increased by including contact holes within apertures
defined by the bank, an extremely simple process that makes
use of an existing process can be employed to increase lumi-
nous efficiency while preventing the occurrence of concen-
tration of the electric field in contact holes.

[0078] The bank may be formed into a grid with a plurality
of apertures formed in lines for each color.

[0079] Inthis aspect, the bank can have a plurality of aper-
tures formed in lines for each color.

[0080] The bank may be formed into a grid with a plurality
of apertures, each aperture corresponding to one pixel, to one
color, and to one of the first electrodes.

[0081] In this aspect, the bank can have a plurality of aper-
tures, each aperture corresponding to one pixel, to one color,
and to one of the first electrodes.

[0082] The firstcolor and the second color may each be one
of red, green, and blue.

[0083] Inthisaspect, the first color and the second color can
each be one of red, green, and blue.

[0084] The first color, the second color, and the third color
may be different colors. The first color, the second color, and
the third color may each be one of red, green, and blue.
[0085] In this aspect, the first color, the second color, and
the third color are different colors, and each can be one of red,
green, and blue.

2. Embodiment 1
Overall Configuration

[0086] FIG.1is a plan view schematically showing part of
an organic EL display panel according to Embodiment 1 of
the present invention.
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[0087] The organic EL display panel 1 is formed by a
plurality of top-emission type organic EL cells 20 arranged in
a matrix. Each organic EL cell 20 is provided with a light-
emitting layer corresponding to one of R (red), G (green), or
B (blue). Each organic EL cell 20 corresponds to one pixel.
An aperture 30 (hereinafter, the apertures 30 corresponding to
R, G; and B are respectively referred to as aperture 30aq,
aperture 305, and aperture 30c¢) for each organic EL cell 20
(hereinafter, the organic EL cells 20 corresponding to R, G,
and B are respectively referred to as organic EL cell 20a,
organic EL cell 205, and organic EL cell 20c¢) is defined by a
bank 16 that has a pixel bank (grid-shaped bank) structure.
[0088] FIG. 2 is a cross-section diagram schematically
showing a cross-section (between Xaand Xa'in FIG. 1) of an
organic EL display panel, focusing on the organic EL cell
20a.

[0089] The substrate 10 is formed with an insulating mate-
rial such as alkalifree glass, soda glass, nonfluorescent glass,
phosphate glass, borate glass, quartz, acrylic resin, styrenic
resin, polycarbonate resin, epoxy resin, polyethylene, poly-
ester, silicone resin, alumina, etc.

[0090] A Thin Film Transistor (TFT) layer 11 having power
supply electrodes 12 is formed on the substrate 10, and an
interlayer insulation film 13 is formed above the TFT layer
11.

[0091] The interlayer insulation film 13 is formed with an
organic material having excellent insulating properties and is
approximately 4 pm (micrometers) thick. Through-holes
(contact holes 14) are formed in the direction of thickness of
the interlayer insulation film 13.

<Contact Holes>

[0092] The following is a detailed description of the contact
holes 14 with reference to FIGS. 3 and 4.

[0093] FIGS. 3A and 3B are enlarged drawings of a contact
hole 14 in FIG. 2. For the sake of explanation, only the TFT
layer 11, power supply electrode 12, interlayer insulation film
13, and contact hole 14 are shown.

[0094] The contact hole 14 refers to a space surrounded by
a contact hole upper surface 14¢, contact hole slanted surface
14d, and contact hole bottom surface 14e shown in FIG. 3A.
Note that the contact hole 14 as described above is a through-
hole, and the contact hole upper surface 14¢ and contact hole
bottom surface 14e are imaginary surfaces for the sake of
explanation.

[0095] The contact hole upper surface 14c¢ is a section sur-
rounded by a roughly annular contact hole upper periphery
14a. A film thickness of the interlayer insulation film 13
increases upwards from the contact hole bottom surface 14e
along the contact hole slanted surface 144, and the contact
hole upper periphery 14a is the section where the film thick-
ness reaches a maximum. Since it is preferable that the space
occupied by the contact hole upper surface 14¢ within the
upper surface of the interlayer insulation film 13 be as small
as possible, it is preferable that the inclination angle of the
contact hole slanted surface 14d be large. However, an incli-
nation angle that is too large (near 90 degrees) causes the
problem of disconnection, due to a step, in the electrical
conduction that should exist between the TFT layer 11 and the
first electrode 15. Conversely, if the inclination angle of the
contact hole slanted surface 14d becomes smaller and
smaller, this causes a problem in that a region in which a
predetermined film thickness cannot be achieved grows
larger, the predetermined film thickness being determined by
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the surface of parasitic capacitance produced between the
first electrode 15 and the TFT source electrode, drain elec-
trode, gate electrode, signal wiring, power line, etc. Consid-
ering these problems, it is preferable that a film thickness t of
the interlayer insulation film 13 at the contact hole upper
periphery 14a and a surface distance L between the contact
hole lower periphery 145 and the contact hole upper periph-
ery 14a in FIG. 3 A satisfy the expression L<3t. However, the
film thickness t and surface distance L are not limited to this
relationship.

[0096] Note that, as shown in FIG. 3B, even if the film
thickness of the interlayer insulation film 13 increases
upwards from the contact hole bottom surface 14e along the
contact hole slanted surface 144, and after the film thickness
reaches its maximum, the film thickness begins to decrease,
the contact hole upper periphery 14a is still the section where
the film thickness of the interlayer insulation film 13 reaches
its maximum, as in FIG. 3A.

[0097] Also, the inner region near the contact hole upper
periphery 14a referred to below designates a section labeled
as 14f'in FIG. 3A.

[0098] Furthermore, a region indicated with a dashed
diagonal line in FIG. 4, i.e. the contact hole 14 and an area
above the contact hole 14, is referred to as a contact hole
region 14g.

[0099] This concludes a supplementary description of the
contact hole 14. The description now returns to FIG. 2.

<Structure of Organic EL Cell 20>

[0100] A firstelectrode 15, which is an anode, is layered on
the interlayer insulation film 13. The first electrode 15 is
electrically connected to the power supply electrode 12 in the
TFT layer 11 via the contact hole 14.

[0101] The first electrode 15 is formed with Ag (silver).
Note that the first electrode 15 may be formed with APC
(alloy of silver, palladium, and copper), ARA (alloy of silver,
rubidium, and gold), MoCr (alloy of molybdenum and chro-
mium), NiCr (alloy of nickel and chromium), Al (aluminum),
an Al alloy, etc. In the case of a top emission type light-
emitting element, it is preferable that the first electrode 15 be
formed with a light-reflective material.

[0102] The bank 16 (bank 16a, bank 165, . . . ) is formed
above the interlayer insulation film 13 and the power supply
electrode 12. The bank 16 is formed with an organic material,
such as resin, and has insulating properties. Examples of the
organic material include acrylic resin, polyimide resin,
novolac-type phenolic resin, etc. It is preferable that the bank
16 have organic solvent resistance. Furthermore, since the
bank 16 is etched, baked, etc. when formed, it is preferable
that the bank 16 be formed from highly resistant material that
will not change excessively in shape or quality during the
etching and baking processes.

[0103] In regions partitioned by the bank 16, an organic
light emitting layer 17a corresponding to R (red) (hereinafter,
simply “light-emitting layer”) is layered.

[0104] It is preferable that the light-emitting layer 17a be
formed from 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
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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.

[0105] The light-emitting layer 17a enters into the recess
formed by the contact hole 14, becoming concave in confor-
mity with the recess. If the light-emitting layer 17a is simply
formed by conventional means, the film thickness of the
light-emitting layer 17a formed at the contact hole slanted
surface 14d, in particular at the inner region 14f near the
contact hole upper periphery 14a (see FIG. 3A), becomes
thinner than at other regions. Concentration of the electric
field is produced at this region where the film thickness is thin.
However, in Embodiment 1, a light-emitting layer 175 corre-
sponding to G (green) is further layered on the light-emitting
layer 17a. The total film thickness of the light-emitting layer
17a and the light-emitting layer 175 layered on the contact
hole region 14g should be thicker than the film thickness of
the light-emitting layer 17a layered in a region other than the
contact hole region 14g. Normally, the film thickness of the
light-emitting layer 175 is preferably on the order of 5-100
nm. Hereinafter, the light-emitting layers 17a, 175, . . .,
formed in each organic EL cell 20 in a region defined by the
bank, are collectively designated as a light-emitting layer 17.

[0106] A second electrode 18, which is a cathode, is layered
on the light-emitting layer 17.

[0107] The second electrode 18 is formed, for example, of
ITO, indium zinc oxide (IZO), etc. In the case of a top-
emission type organic EL cell, it is preferable that the second
electrode 18 be formed with a transparent material.

[0108] Note that, while not shown in the figures, a widely-
known passivation layer is provided above the second elec-
trode 18. The passivation layer is formed, for example, with
silicon nitride (SiN), silicon oxynitride (SiON), etc., and con-
trols the light-emitting layer 17 from deteriorating due to
exposure to water, air, etc. In the case of a top-emission type
organic EL cell, it is preferable that the passivation layer also
be formed with a transparent material.

[0109] Next, the structure of the organic EL cell 205 cor-
responding to G is described.

[0110] As shown in FIG. 5, the organic EL cell 205 differs
from the organic EL cell 204 in that the light-emitting layer
17ais formed only in the contact hole region 14g, whereas the
light-emitting layer 175 is formed in a region other than the
contact hole region 14g.

[0111] Furthermore, while not shown in the figures, the
structure of the organic EL cell 20c¢ corresponding to B is the
same as the organic EL cell 205, replacing the light-emitting
layer 175 with the light-emitting layer 17¢, which corre-
sponds to B.

[0112] Note that in each organic EL cell 20, in addition to
the emission color of the cell’s light-emitting layer, a light-
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emitting layer of a different emission color is also provided;
this light-emitting layer of a different emission color may be
any emission color.

Advantageous Effects of the Structure in
Embodiment 1

[0113] The following is a supplementary explanation, with
reference to FIGS. 6 A-6C, of the advantageous effects of the
above structure in Embodiment 1.

[0114] FIG. 6A is a top view schematically showing an
aperture 30q and the surrounding area in Embodiment 1 ofthe
present invention, and FIG. 6B is a top view schematically
showing a conventional aperture and the surrounding area.
[0115] The hatched area in the aperture 30a in FIG. 6A
represents a section in which luminescence brightness does
not decrease, since the light-emitting layer 17 is formed to a
regular film thickness. By contrast, a light-emitting layer 1756
and light-emitting layer 17a are layered in the section inside
the contact hole upper periphery 14a that is not hatched, i.e.
the section corresponding to the contact hole region 14g.
Compared to the region other than the contact hole region
14g, the film thickness is thicker in this section, the electric
field is smaller, and luminescence brightness decreases. How-
ever, the surface area of this section, which corresponds to the
contact hole region 14g in the aperture 30q, is minute as
compared to the surface area corresponding to the region
other than the contact hole region 14g. Even if luminescence
brightness decreases in this minute area, irregular light emis-
sion is not conspicuous.

[0116] Furthermore, as compared to the conventional aper-
ture shown in FIG. 6B, the aperture 30a in FIG. 6 A allows for
a large surface area in which luminescence brightness does
not decrease. This surface area corresponds to the lattice 16¢
in FIG. 6B (since the contact hole is conventionally buried
under the bank, the lattice 16¢ is the section corresponding to
the area that is occupied by the bank, minus the contact hole).
Accordingly, the aperture ratio in the organic EL display
panel 1 can be improved over a conventional display panel.
[0117] FIG. 6C is a top view schematically showing an
aperture 30 and the surrounding area when a contact hole is
simply provided inside the aperture without adopting the
structure in Embodiment 1.

[0118] The hatched area in FIG. 6C corresponds to the
inner region 14f near the contact hole upper periphery 14a
shown in FIG. 3. In this section, the light-emitting layer 17a
has a thinner film thickness than usual, as described above,
and therefore due to concentration of the electric field, the
luminescence brightness is higher than usual. An increase in
luminescence brightness is visible even in a minute area, and
therefore irregular light emission in this section ends up being
conspicuous.

<Manufacturing Method>

[0119] FIGS. 7A-7E and 8A-8F are process drawings to
illustrate a manufacturing method of an organic EL display
panel according to Embodiment 1 of the present invention.
[0120] The following description focuses particularly on
the organic EL cell 205 and organic EL cell 20q in the organic
EL display panel 1.

[0121] The process is composed of a first step through an
eighth step.
[0122] The first step through the fifth step are common to

the organic EL cell 20a and organic EL cell 206 and are
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represented in FIGS. 7A-7E. FIGS. 8 A-8C represent the sixth
step through the eighth step for the organic EL cell 20aq,
whereas FIGS. 8D-8F represent the sixth step through the
eighth step for the organic EL cell 205.

[0123] First, as shown in FIG. 7A, in the first step, the TFT
layer 11 is formed above the substrate 10.

[0124] Next, as shown in FIG. 7B, the second step is to form
the interlayer insulation film 13 on the TFT layer 11.

[0125] Next, as shown in FIG. 7C, the third step is to form
a contact hole 14 corresponding to a pixel by etching the
interlayer insulation film 13.

[0126] Next, as shown in FIG. 7D, the fourth step is to form
a thin Ag film via sputtering on the interlayer insulation film
13, and then form the first electrodes 15 as a matrix in units of
pixels by, for example, patterning the thin Ag film via photo-
lithography. Note that the thin Ag film may be formed by
vacuum deposition or the like.

[0127] Next, as shown in FIG. 7E, the fifth step is to form a
bank material layer on the first electrode 15 and the interlayer
insulation film 13 and remove part of the bank material layer
to form the bank 16 having apertures 30. The bank material
layer may be formed, for example, by performing coating or
the like. The bank material layer is removed by forming a
resist pattern on the bank material layer and performing etch-
ing.

[0128] Next, the sixth step is to drip an ink composition
(hereinafter, simply “ink™) containing organic EL. material
into the region defined by the bank 16 in an organic EL cell 20
via, for example, the ink jet method. In this case, the organic
EL material has an emission color of R.

[0129] In the sixth step, in the organic EL cell 20a with an
emission color of R, ink is dripped in the entire region defined
by the bank to form the light-emitting layer 17a, as shown in
FIG. 8A.

[0130] On the other hand, in the organic EL cell 206 with an
emission color of G, ink corresponding to R is only dripped in
the contact hole region 14g to form the light-emitting layer
17a, as shown in FIG. 8D.

[0131] Next, the ink in the light-emitting layer 17a is dried,
and subsequently, the seventh step is to drip ink into the
contact hole region 14g of the organic EL cell 20a to form the
light-emitting layer 175, as shown in FIG. 8B. The emission
color of the organic EL, material in the seventh step is G.
[0132] Also, ink is dripped into the entire region defined by
the bank in the organic EL cell 205 to form the light-emitting
layer 175, as shown in FIG. 8E. To form the light-emitting
layer 17, ink may be dripped by the dispenser method, nozzle
coating method, spin coat method, intaglio printing, letter-
press printing, etc.

[0133] Next, the eighth step is to form a thin ITO film that
will be the second electrode 18 via, for example, sputtering
(FIG. 8C, FIG. 8F).

[0134] Note that, though not shown in the figures, for the
organic EL cell 20¢ with an emission color of B, the light-
emitting layer 17a is formed in the sixth step by dripping ink
corresponding to R in the contact hole region 14g; in the
seventh step, ink corresponding to G is not dripped; and after
the seventh step, ink corresponding to B is dripped in the
entire region defined by the bank to form the light-emitting
layer 17c.

3. Embodiment 2
Structure

[0135] In Embodiment 1, the light-emitting layer 17 (17a,
17b) in each organic EL cell is formed with two light-emitting
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layers of different colors. By contrast, Embodiment 2 differs
from Embodiment 1 in that three light-emitting layers with
different colors are formed.

[0136] An organic EL display panel in Embodiment 2 has
the same plan view as Embodiment 1.

[0137] FIG. 9 is a cross-section diagram schematically
showing a cross-section (Xa-Xa' in FIG. 1) of an organic EL
display panel 1 according to Embodiment 2, focusing on an
organic EL cell 20a with an emission color of R.

[0138] FIG. 10 is a cross-section diagram schematically
showing a cross-section (Xb-Xb' in FIG. 1) of the organic EL,
display panel 1 according to Embodiment 2, focusing on an
organic EL cell 205 with an emission color of G.

[0139] FIG. 11 is a cross-section diagram schematically
showing a cross-section (Xc-Xc¢' in FIG. 1) of the organic EL,
display panel 1 according to Embodiment 2, focusing on an
organic EL cell 20¢ with an emission color of B.

[0140] The substrate 10, TFT layer 11, power supply elec-
trode 12, interlayer insulation film 13, contact hole 14, first
electrodes 15, bank 16, and second electrode 18 in FIGS. 9,
10, and 11 do not differ from the elements described in FIG.
2

[0141] In each of the organic EL cells 20a, 205, and 20c¢ in
FIGS. 9,10, and 11, the light-emitting layer 17 is formed by
layering the light-emitting layer 17a, 17b, and 17¢ in this
order on the first electrode 15 (hereinafter, in Embodiment 2,
the light-emitting layers 17a, 17b, and 17¢ formed in the
region defined by the bank are collectively referred to as the
light-emitting layer 17).

[0142] However, in each of the organic EL cells 20a, 205,
and 20¢ in FIGS. 9,10, and 11, one of the light-emitting layer
17a (corresponding to R), light-emitting layer 176 (corre-
sponding to G), and light-emitting layer 17¢ (corresponding
to B) differs from the other two by being a main light-emitting
layer that covers the entire region defined by the bank 16. The
emission color of the main light-emitting layer becomes the
pixel color of the organic EL cell in which the main light-
emitting layer is located. In the organic EL cell 20q, the
light-emitting layer 17a is the main light-emitting layer; in
the organic EL cell 205, the light-emitting layer 175 is the
main light-emitting layer; and in the organic EL cell 20¢, the
light-emitting layer 17¢ is the main light-emitting layer. The
light-emitting layers among the light-emitting layers 17a,
17b, and 17¢ other than the main light-emitting layer (here-
inafter, “sub-light-emitting layers™) are only layered in the
contact hole region 14g, unlike the main light-emitting layer.
The total film thickness of the light-emitting layer 174, light-
emitting layer 175, and light-emitting layer 17¢ layered on the
contact hole region 14g should be thicker than the film thick-
ness of the light-emitting layer layered in a region other than
the contact hole region 14g. Normally, the film thickness of
the light-emitting layer 17 in the contact hole region 14g is
preferably on the order of 50-200 nm.

Advantageous Effects of the Structure in
Embodiment 2

[0143] With the above-described structure, Embodiment 2
offers the same advantageous effects as described for
Embodiment 1 with reference to FIG. 5. Embodiment 2 dif-
fers from Embodiment 1 in that light-emitting layers 17a,
175, and 17¢ of three colors are layered on the contact hole
region 14g. Therefore, as compared to a region other than the
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contact hole region 14g, the light-emitting layer 17 in the
contact hole region 14g is formed to a thicker film thickness.

<Manufacturing Method>

[0144] The following describes a manufacturing method of
the organic EL display panel 1 according to Embodiment 2.

[0145] The following description focuses particularly on
the organic EL cells 20a, 205, and 20c¢ in the organic EL
display panel 1.

[0146] The manufacturing process in Embodiment 2 is
composed of a first step through a ninth step.

[0147] The first step through the fifth step are common to
the organic EL cells 20qa, 205, and 20¢ and are the same as the
steps represented by FIGS. 7A-7E in Embodiment 1; there-
fore, a description thereof is omitted.

[0148] FIGS.12A-12D represent the sixth step through the
ninth step for the organic EL cell 20a, FIGS. 12E-12H rep-
resent the sixth step through the ninth step for the organic EL
cell 206, and FIGS. 13A-13D represent the sixth step through
the ninth step for the organic EL cell 20c.

[0149] The sixth step is to layer the light-emitting layer
17a, color R, on the first electrode 15.

[0150] In the organic EL cell 204, the light-emitting layer
17a, color R, is layered as the main light-emitting layer on the
entire region defined by the bank 16 as shown in FIG. 12A. On
the other hand, in the organic EL cells 206 and 20c¢, the
light-emitting layer 17a is layered as a sub-light-emitting
layer only in the contact hole region 14g, as shown in FIGS.
12E and 13E.

[0151] Next, the seventh step is to layer the light-emitting
layer 175 on the light-emitting layer 17a.

[0152] In the organic EL cell 204, the light-emitting layer
1754 is layered as a sub-light-emitting layer only in the contact
hole region 14g, as shown in FIG. 12B.

[0153] In the organic EL cell 205, the light-emitting layer
175 is layered as the main light-emitting layer in the entire
region defined by the bank, as shown in FIG. 12E.

[0154] In the organic EL cell 20¢, as in the organic EL cell
20a, the light-emitting layer 175 is layered as a sub-light-
emitting layer only in the contact hole region 14g, as shown in
FIG. 13B.

[0155] Next, the eighth step is to layer the light-emitting
layer 17¢ on the light-emitting layer 175.

[0156] In the organic EL cells 20a and 205, the light-emit-
ting layer 17¢ is layered as a sub-light-emitting layer only in
the contact hole region 14g, as shown in FIGS. 12C and 12G.
[0157] In the organic EL cell 20c, the light-emitting layer
17¢ is layered as the main light-emitting layer in the entire
region defined by the bank, as shown in FIG. 13C.

[0158] After the eighth step is complete, the ninth step is to
form a thin ITO film that will be the second electrode 18 on
the light-emitting layer 17 via sputtering, for example, as
shown in FIGS. 12D, 12G, and 13D.

[0159] This concludes the description of the manufacturing
method.

4. Modifications

[0160] Note that the organic EL display panel in the present
invention is not limited to the examples illustrated above; it is
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of course possible to modify the organic EL display panel in
a variety of ways without departing from the scope of the
present invention.

(1) Addition of an Intermediate Layer (IL Layer) and
Electron Injection Layer

[0161] In addition to the structure described in the above
Embodiments, each organic EL cell may be provided with an
IL layer 41 between the first electrode 15 and the light-
emitting layer 17, and with an electron injection layer 42
between the light-emitting layer 17 and the second electrode
18.

[0162] FIG. 14 shows the organic EL cell 205 in Embodi-
ment 1, shown in FIG. 2, when provided with the IL layer 41
and the electron injection layer 42.

[0163] FIG. 15 shows the organic EL cell 205 in Embodi-
ment 2, shown in FIG. 9, when provided with the IL layer 41
and the electron injection layer 42.

[0164] FIGS. 14 and 15 share the same description; there-
fore, in the following description, FIG. 14 serves to represent
both figures.

[0165] The IL layer 41 is formed with an indium tin oxide
(ITO) layer and a hole injection layer layered thereon.
[0166] The ITO layer exists between the first electrode 15
and the hole injection layer and has the function of guaran-
teeing excellent bondability between the first electrode 15
and the hole injection layer.

[0167] The hole injection layer is formed with WOx (tung-
sten oxide) or MoxWyOz (molybdenum tungsten oxide). By
providing a hole injection layer, holes can be easily injected,
contributing to effective light emission by electrons in the
light-emitting layer 17, which allows for excellent light-emit-
ting characteristics to be obtained. The hole injection layer
should be formed with a metal compound that fulfills the
function of hole injection. Examples of such a metal com-
pound include a metal oxide, metal nitride, or metal oxyni-
tride.

[0168] The electron injection layer 42 has a function to
transport electrons injected through the second electrode 18
to the light-emitting layer 17 and is formed, for example, of
barium, phthalocyanine, lithium fluoride, or a combination
thereof.

[0169] In the manufacturing method, the IL layer 41 is
formed between the fourth step and the fifth step.

[0170] ThelL layer 41 is formed by forming a thin ITO film
via, for example, sputtering, and then forming the ITO layer
by patterning the thin ITO film via photolithography, for
example. Subsequently, using a composition containing WOx
or MoxWyOz, a thin film of WOx or MoxWyOz is formed by
technology such as vacuum deposition, sputtering, etc.
[0171] The electron injection layer 42 is formed between
the seventh step and the eighth step (in the case of FIG. 15,
between the eighth step and the ninth step).

[0172] The electron injection layer is formed after the sev-
enth step (in the case of FIG. 15, after the eighth step) by
forming a thin barium film that will be the electron injection
layer 7 via, for example, vacuum deposition.

(2) Using a Line Bank

[0173] In Embodiments 1 and 2 and the Modifications
thereof, the bank 16 has been described as a pixel bank, but
the line bank shown in FIG. 16 may be adopted in the present
invention.
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[0174] Unlike the above-described pixel bank, a line bank
does not completely surround a light-emitting laminate, but
rather defines two opposing sides of the light-emitting lami-
nate. In the case of a line bank, the bank 16 is formed to
partition a plurality of pixels by column or by row. In other
words, the bank 16 exists only as columns or as rows on either
side of a light-emitting layer 17, and a light-emitting layer 17
is continuous with other light-emitting layers 17 in the same
column or row.

[0175] FIG. 17 is a cross-section diagram showing an
organic EL cell 205 according to Embodiment 1 when a line
bank structure is adopted.

[0176] InFIG.17,no bank exists in sections (164’ and 165")
where the bank 16a and 164 exists in the organic EL cell 205
with a pixel bank in FIG. 2.

[0177] FIG. 18 is a cross-section diagram showing an
organic EL cell 2056 according to Embodiment 2 when a line
bank structure is adopted.

[0178] InFIG. 18, no bank exists in sections (164’ and 165")
where the bank 16a and 164 exists in the organic EL cell 2054
with a pixel bank in FIG. 9.

(3) Top-Emission Type Cells

[0179] In the above Embodiments, top-emission type cells
are described, but the present invention is not limited in this
way; the cells may be bottom-emission type.

(4) The Bank

[0180] Inthe above Embodiments, a bank is used, but when
using a bank, an electric field may concentrate at the edge of
the first electrode 15, or the first electrode 15 and second
electrode 18 may short out. To avoid these problems, instead
of'using a bank, the first electrode 15 may be covered with an
insulating film in sections corresponding to the bank.

(5) The Contact Holes

[0181] In the above Embodiments, the contact holes are
described as being circular in shape, but the present invention
is not limited in this way; the contact holes may be through-
holes. For example, the contact holes may be square, like the
contact holes 14' in FIG. 19.

(6) The Organic EL Display Panel

[0182] An organic EL display panel 1 according to an
aspect of the present invention, or an organic EL display panel
according to one of the Modifications, may be mounted in a
display device 100.

[0183] FIG. 20 is an external perspective view of the dis-
play device 100.

[0184] An organic EL display device with the same advan-
tageous effects as described above can thus be constructed.

(7) Embodiments and Modifications

[0185] The above Embodiments and Modifications may be
combined with one another.

INDUSTRIAL APPLICABILITY

[0186] The organic EL display panel in the present inven-
tion has high light takeoff efficiency and is appropriate as a
display element such as a cellular telephone display, a televi-
sion, etc., or in a variety of light sources.
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What is claimed is:

1. An organic EL display panel including pixels, each of the
pixels corresponding to one of a plurality of colors, the
organic EL display panel comprising:

a thin film transistor layer;

an interlayer insulation film on the thin film transistor layer
and including a plurality of contact holes, each of the
plurality of contact holes corresponding to one of the
pixels;

a plurality of first electrodes formed on the interlayer insu-
lation film, each being conductive with the thin film
transistor layer via one of the plurality of contact holes
and corresponding to one of the pixels;

a bank being a grid and defining a plurality of apertures, at
least one of the plurality of apertures corresponding to
each of the plurality of colors, at least one of the plurality
of contact holes beneath each of the plurality of aper-
tures;

a first organic light-emitting layer disposed in each of the
plurality of apertures that corresponds to at least one of
the pixels of a first color of the plurality of colors;

a second organic light-emitting layer disposed in each of
the plurality of apertures that corresponds to at least one
of the pixels of a second color of the plurality of colors;
and

a second electrode formed above the first organic light-
emitting layer and the second organic light-emitting
layer, wherein

in each of the plurality of apertures in which the first
organic light-emitting layer is disposed, a first contact
hole region is above each of the plurality of contact
holes,

in each of the plurality of apertures in which the second
organic light-emitting layer is disposed, a second con-
tact hole region is above each of the plurality of contact
holes, and

a first-material layer comprising a material the same as a
material of the first organic light-emitting layer and a
second-material layer comprising a material the same as
a material of the second organic light-emitting layer are
superimposed in the first contact hole region and the
second contact hole region.

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

the second-material layer is superimposed on the first-
material layer in the first contact hole region and the
second contact hole region.

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

in each of the plurality of apertures in which the first
organic light-emitting layer is disposed, a film thickness
in the first contact hole region, in which the second-
material layer is superimposed, is greater than a film
thickness of the first organic light-emitting layer dis-
posed in a region other than the first contact hole region,
and

in each of the plurality of apertures in which the second
organic light-emitting layer is disposed, a film thickness
in the second contact hole region, in which the first-
material layer is superimposed, is greater than a film
thickness of the second organic light-emitting layer dis-
posed in a region other than the second contact hole
region.

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

prising:
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a third organic light-emitting layer disposed in each of the
plurality of apertures that corresponds to at least one of
the pixels of a third color of the plurality of colors,
wherein

the second electrode is formed above the first organic light-
emitting layer, the second organic light-emitting layer,
and the third organic light-emitting layer,

in each of the plurality of apertures in which the third
organic light-emitting layer is disposed, a third contact
hole region is above each of the plurality of contact
holes, and

the first-material layer, the second-material layer, and a
third-material layer comprising a material the same as a
material of the third organic light-emitting layer are
superimposed in the first contact hole region, the second
contact hole region, and the third contact hole region.

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

the third-material layer is superimposed on the second-
material layer which is superimposed on the first-mate-
rial layer in the first contact hole region, the second
contact hole region, and the third contact hole region.

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

in each of the plurality of apertures in which the first
organic light-emitting layer is disposed, a film thickness
in the first contact hole region, in which the first-material
layer, the second-material layer, and the third-material
layer are superimposed, is greater than a film thickness
of the first organic light-emitting layer disposed in a
region other than the first contact hole region,

in each of the plurality of apertures in which the second
organic light-emitting layer is disposed, a film thickness
in the second contact hole region, in which the first-
material layer, the second-material layer, and the third-
material layer are superimposed, is greater than a film
thickness of the second organic light-emitting layer dis-
posed in a region other than the second contact hole
region, and

in each of the plurality of apertures in which the third
organic light-emitting layer is disposed, a film thickness
in the third contact hole region, in which the first-mate-
rial layer, the second-material layer, and the third-mate-
rial layer are superimposed, is greater than a film thick-
ness of the third organic light-emitting layer disposed in
a region other than the third contact hole region.

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

the first color, the second color, and the third color are
different ones of the plurality of colors, and

the first color, the second color, and the third color are each
one of red, green, and blue.

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

the bank is the grid and defines the plurality of apertures in
lines that each correspond to one of the plurality of
colors.

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

each of the plurality of apertures corresponds to one of the
pixels, one of the plurality of colors, and one of the
plurality of first electrodes.

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

the first color and the second color are each one of red,
green, and blue.

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

the interlayer insulation film is a planarizing film.

12. An organic EL display device comprising the organic

EL display panel of claim 1.
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13. A method of manufacturing an organic EL display
panel including pixels, each of the pixels corresponding to
one of a plurality of colors, the method comprising:

forming a thin film transistor layer;

forming an interlayer insulation film on the thin film tran-

sistor layer;

forming a plurality of contact holes in the interlayer insu-

lation film, each of the plurality of contact holes corre-
sponding to one of the pixels;
forming a plurality of first electrodes on the interlayer
insulation film, each being conductive with the thin film
transistor layer via one of the plurality of contact holes;

forming a bank as a grid that defines a plurality of aper-
tures, at least one of the plurality of apertures corre-
sponding to each of the plurality of colors, at least one of
the plurality of contact holes beneath each of the plural-
ity of apertures;
forming a first organic light-emitting layer in each of the
plurality of apertures that corresponds to at least one of
the pixels of a first color of the plurality of colors;

forming a second organic light-emitting layer in each of the
plurality of apertures that corresponds to at least one of
the pixels ofa second color of the plurality of colors; and

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

in each of the plurality of apertures, a first contact hole

region is above each of the plurality of contact holes, and

a first-material layer comprising a material the same as a

material of the first organic light-emitting layer and a
second-material layer comprising a material the same as
a material of the second organic light-emitting layer are
superimposed in the contact hole region.

14. The method of manufacturing the organic EL display
panel of claim 13, wherein

the second-material layer is superimposed on the first-

material layer.

15. The method of manufacturing the organic EL display
panel of claim 13, wherein

in each of the plurality of apertures in which the first

organic light-emitting layer is formed, a film thickness
in the contact hole region, in which the second-material
layer is superimposed, is greater than a film thickness of
the first organic light-emitting layer formed in a region
other than the contact hole region, and

in each of the plurality of apertures in which the second

organic light-emitting layer is formed, a film thickness
in the contact hole region, in which the first-material
layer is superimposed, is greater than a film thickness of
the second organic light-emitting layer formed in a
region other than the contact hole region.

16. The method of manufacturing the organic EL display
panel of claim 13, wherein

an ink jet method is used to form the first organic light-

emitting layer and the second organic light-emitting
layer.

17. The method of manufacturing the organic EL display
panel of claim 16, wherein

ink including an organic light-emitting material of the first

color is dripped into each of the plurality of contact holes
in each of the plurality of apertures in which the second
organic light-emitting layer is formed when forming the
first organic light-emitting layer, and
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ink including an organic light-emitting material of the sec-
ond color is dripped into each of the plurality of contact
holes in each of the plurality of apertures in which the
first organic light-emitting layer is formed when form-
ing the second organic light-emitting layer.
18. The method of manufacturing the organic EL display
panel of claim 17, wherein
after the ink including the organic light-emitting material
of the first color is dripped into each of the plurality of
contact holes in each of the plurality of apertures in
which the second organic light-emitting layer is formed
when forming the first organic light-emitting layer, and
before the ink including an organic light-emitting mate-
rial of the second color is dripped into each of the plu-
rality of contact holes in each of the plurality of apertures
in which the first organic light-emitting layer is formed
when forming the second organic light-emitting layer,
the ink including the organic light-emitting material of
the first color is dried.
19. The method of manufacturing the organic EL display
panel of claim 13, further comprising:
forming a third organic light-emitting layer in each of the
plurality of apertures that corresponds to at least one of
the pixels of a third color of the plurality of colors after
forming the second organic light-emitting layer and
before forming the second electrode, wherein
the second electrode is formed above the first organic light-
emitting layer, the second organic light-emitting layer,
and the third organic light-emitting layer, and
the first-material layer, the second-material layer, and a
third-material layer comprising a material the same as a
material of the third organic light-emitting layer are
superimposed in the contact hole region in each of the
plurality of apertures in which one of the first organic
light-emitting layer, the second organic light-emitting
layer, and the third organic light-emitting layer is
formed.
20. The method of manufacturing the organic EL display
panel of claim 19, wherein
in each of the plurality of apertures in which the first
organic light-emitting layer is formed, a film thickness
in the contact hole region, in which the first-material
layer, the second-material layer, and the third-material
layer are superimposed, is greater than a film thickness
of the first organic light-emitting layer formed in a
region other than the contact hole region,
in each of the plurality of apertures in which the second
organic light-emitting layer is formed, a film thickness
in the contact hole region, in which the first-material
layer, the second-material layer, and the third-material
layer are superimposed, is greater than a film thickness
of the second organic light-emitting layer formed in a
region other than the contact hole region, and
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in each of the plurality of apertures in which the third
organic light-emitting layer is formed, a film thickness
in the contact hole region, in which the first-material
layer, the second-material layer, and the third-material
layer are superimposed, is greater than a film thickness
of the third organic light-emitting layer formed in a
region other than the contact hole region
21. The method of manufacturing the organic EL display
panel of claim 19, wherein
an ink-jet method is used to form the first organic light-
emitting layer, the second organic light-emitting layer,
and the third organic light-emitting layer.
22. The method of manufacturing the organic EL display
panel of claim 21, wherein
ink including an organic light-emitting material of the first
color is dripped into each of the plurality of contact holes
in each of the plurality of apertures in which one of the
second organic light-emitting layer and the third organic
light-emitting layer is formed when forming the first
organic light-emitting layer,
ink including an organic light-emitting material of the sec-
ond color is dripped into each of the plurality of contact
holes in each of the plurality of apertures in which one of
the first organic light-emitting layer and the third light-
emitting layer is formed when forming the second
organic light-emitting layer, and
ink including an organic light-emitting material of the third
color is dripped into each of the plurality of contact holes
in each of the plurality of apertures in which one of the
first organic light-emitting layer and the second light-
emitting layer is formed when forming the third organic
light-emitting layer.
23. The method of manufacturing the organic EL display
panel of claim 19, wherein
the first color, the second color, and the third color are
different ones of the plurality of colors, and
the first color, the second color, and the third color are each
one of red, green, and blue.
24. The method of manufacturing the organic EL display
panel of claim 13, wherein
the bank is formed as the grid that defines the plurality of
apertures in lines that each correspond to one of the
plurality of colors.
25. The method of manufacturing the organic EL display
panel of claim 13, wherein
each of the plurality of apertures corresponds to one of the
pixels, one of the plurality of colors, and one of the
plurality of first electrodes.
26. The method of manufacturing the organic EL display
panel of claim 13, wherein
the first color and the second color are each one of red,
green, and blue.
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