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ORGANIC EL DISPLAY PANEL, AND
METHOD FOR PRODUCING SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT Applica-
tion No. PCT/JP2010/004988 filed Aug. 6, 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.

TECHNICAL FIELD

[0002] The present disclosure relates to an organic EL dis-
play panel with use of organic electroluminescence elements
(hereinafter, referred to as “organic EL elements”) and a
method of manufacturing the organic EL display panel, and
particularly relates to an art of preventing color mixture of
inks in an application step of forming an organic light-emit-
ting layer and so on.

DESCRIPTION OF THE RELATED ART

[0003] An organic EL element is a current-driven light-
emitting element, and has the basic structure in which an
organic light-emitting layer containing an organic material is
provided between an anode and a cathode. Upon application
of voltage between the anode and the cathode when driven,
holes injected from the anode to the functional layers recom-
bine with electrons injected from the cathode to the functional
layers. The recombination causes phenomenon of electrolu-
minescence. Being self-luminescent, the organic EL element
is highly visible. In addition, being completely solid, the
organic EL element has excellent impact resistance proper-
ties.

[0004] One ofthe types of organic EL elements is an apply-
ing-type. Specifically, an ink containing a high-molecular
material, a low molecular appropriate for thin film formation,
and so on is regulated, the regulated ink is applied to a sub-
strate by a inkjet method or the like to form an organic
light-emitting layer, a charge injection layer, and so on.
Recently, an organic EL display panel that is composed of a
plurality of applying-type organic EL elements arranged
above a substrate rows and columns on which a TFT wiring
part is formed has been put in practical use as various types of
displays, image display devices, and the like.

[0005] Organic EL elements arranged on an organic EL
display panel are partitioned into separate organic EL ele-
ments or each certain number of organic EL elements for each
color by a bank (barrier) having a predetermined shape. One
typical example of an organic EL panel having the line struc-
ture in which banks each extending in the column direction
(perpendicular direction) are arranged above the substrate in
parallel in the row direction (horizontal direction). Each two
adjacent banks has therebetween the predetermined number
of organic EL elements of the same color at regular intervals.
An organic EL element of any one of light-emitting colors of
RGB are arranged in the column direction. This realizes color
display by the entire organic EL display panel. Note that
alternatively, the banks may be so-called pixel banks each for
partitioning and defining for each organic EL element.
[0006] Inan application step by a typical inkjet method, an
application target substrate is placed on a stage, and an inkjet
head is moved to scan over the substrate in the row direction
or the column direction. On organic EL. element formation
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regions (hereinafter, referred to as “element formation
regions”) above the substrate, a nozzle ejects droplets of a
solution (hereinafter, referred to as “ink™) containing an
organic material of an organic light-emitting layer, a charge
injection layer, and so on and a solvent (see Patent Literature
1). Note that the inkjet head is driven by a drive system such
as a piezo system.

[0007] Inthe ink application step, there is a possibility that
while the application target substrate to which the ink has
been applied is moved or conveyed, the applied ink overflows
beyond the banks due to vibration or acceleration resulting
from conveying the application target substrate. If the ink
overflows, the overflowed ink enters an element formation
region of a different light-emitting color to cause color mix-
ture of inks that is contamination. This makes it difficult to
precisely form organic EL elements.

[0008] Itis true that the system by the above ink application
step is advantageous in mass-production and increase in
screen size compared with other system by a deposition step
or the like. However, the specific problem such as described
above has not yet been solved. Accordingly, there is a demand
for solution of such a problem in order to realize commercial-
ization of organic EL display panels.

[0009] In order to solve this problem, there has been taken
a measure such as disclosed in Patent Literature 1, for
example. Specifically, in a burning step of an applied bank
material, a recess is formed on the top of a bank by taking
advantage of thermal shrinkage of the bank material, and the
ink overflowed beyond an element formation region is held
within the recess to prevent color mixture of inks.

CITATION LIST

Patent Literature

[0010] [Patent Literature 1] Japanese Patent Application
Publication No. 2006-32198

SUMMARY

[0011] However, in fact, even with use of the above con-
ventional art, it is difficult to sufficiently prevent the problem
of'color mixture of inks. The problem is described below with
reference to the figure.

[0012] FIG. 23 is a cross-sectional view schematically
showing an organic EL display panel having the line bank
structure immediately after being undergone an application
step relating to an conventional art. As shown in FIG. 23, on
the top of a bank 131, a recess 131 has been spontaneously
formed beforehand as a result of thermal shrinkage of a bank
material. However, in general, an amount of an ink 8X to be
applied to each element formation region is remarkably larger
than the internal volume of the recess 131, as shown in FIG.
23. Accordingly, in the case where some vibration or accel-
eration is added to a substrate to which the ink has been
applied while being conveyed from an inkjet device, an ink
collection 10X held within the recess 131 overflows to the
outside beyond the recess 131 with relative ease. As a result,
color mixture sometimes occurs between adjacent inks 8X as
shown in FIG. 23.

[0013] This problem that an ink overflows beyond the bank
to enter an element formation region of a different light emit-
ting color might occur in an organic EL display panel having
the pixel bank structure, in the same manner as in the organic
EL display panel having the line bank structure. Furthermore,
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this problem might also occur in the case where an ink con-
taining a material of an organic light-emitting layer, an ink
containing a material of other hole transport layer, and so on,
are applied to each element formation region. Therefore,
there is a demand for quick solution of the problem.

[0014] Inview of the above problem, one non-limiting and
exemplary embodiment provides an applying-type organic
EL display panel and a method of manufacturing thereof that
are expected to exhibit an excellent image display capability,
by appropriately preventing color mixture of inks due to
overflow of an ink containing an organic light-emitting mate-
rial and so on beyond a bank to enter a different element
formation region.

[0015] Inone general aspect, the techmques disclosed here
feature an organic EL display panel comprising: a substrate;
an interlayer insulating layer that is provided on the substrate;
first electrodes that are provided on the interlayer insulating
layer so as to correspond one-to-one to element formation
regions arranged in rows and columns above the substrate;
banks that are provided extending in columns to partition the
element formation regions arranged in rows; organic light-
emitting layers that are provided above the first electrodes in
one-to-one correspondence, and each contain an organic
light-emitting material having a light-emitting color differing
between each two adjacent element formation regions
arranged in rows; and second electrodes that are provided
above the organic light-emitting layers in one-to-one corre-
spondence, and are opposite in polarity to the first electrodes,
wherein the interlayer insulating layer has a first opening that
corresponds in position to an interval between each two adja-
cent first electrodes in rows, the banks each have a buried part
and a main part that are integrally formed, the buried part fills
the interval and the first opening, and the main part is a
protrusion of the buried part, and the main part has, on a top
thereof, a first recess along with respective shapes of the
interval and the first opening.

[0016] According to the organic EL display panel having
the above structure, the bank has the buried part that fills the
interval between each two adjacent first electrodes in rows
and the first opening formed in the interlayer insulating layer
(planarizing film). Also, the first recess is formed on the top of
the main part along with the respective shapes of the interval
and the first opening. With the above structure, the first recess
is formed in accordance with the depth of the first opening.
Accordingly, it is possible to appropriately form the first
recess having a sufficient depth by adjusting beforehand the
first opening to have a large depth. Therefore, it is possible to
remarkably increase the depth of the first recess and accu-
rately adjust the depth of the first recess, compared with a
conventional method according to which a resist material of a
bank is applied to a surface of a planarized interlayer insulat-
ing layer, and a recess with a small depth is formed by taking
advantage of spontaneous shrinkage of the bank material.
With the above creativity, even if an ink containing an organic
light-emitting material applied to the substrate overflows due
to vibration or acceleration resulting from conveying the sub-
strate, the ink overflowed beyond an element formation
region is effectively held within the first recess having a
sufficient depth. This prevents color mixture of inks, thereby
excellently manufacturing an organic EL display panel.
[0017] Also, by forming the buried part in the first opening
having a sufficient depth formed in the interlayer insulating
layer between each two adjacent first electrodes, the bank is
provided tightly toward the substrate owing to so-called the

Apr. 25,2013

spike effect. Accordingly, the edge of each of the first elec-
trodes is forced toward the substrate by a surface of the main
part along the substrate, which is formed integrally with the
buried part. This improves the adhesion between the surface
ofthe main part of the bank and the first electrode adjacent the
surface and the adhesion between the surface of the main part
of the bank and the interlayer insulating layer adjacent the
surface, thereby suppressing uplift and detachment of the first
electrode from the surface of the interlayer insulating layer.
As a result, the first electrode is certainly fixed. Also, the
buried part is positioned between each two adjacent first
electrodes. The buried part certainly insulates between each
two adjacent first electrodes, thereby leading to an expecta-
tion of improvement in operative reliability of the display
panel.

[0018] These general and specific aspects may be imple-
mented using a manufacturing method.

[0019] Additional benefits and advantages of the disclosed
embodiments will be apparent from the specification and
figures. The benefits and/or advantages may be individually
provided by the various embodiments and features of the
specification and drawings disclosure, and need not all be
provided in order to obtain one or more of the same.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a top view showing the structure of an
organic EL display panel having the line bank structure relat-
ing to Embodiment 1.

[0021] FIG. 2 is a partial enlarged view showing the struc-
ture of the organic EL display panel relating to Embodiment
1.

[0022] FIG. 3 is a partial cross-sectional view showing the
structure of the organic EL display panel relating to Embodi-
ment 1.

[0023] FIG. 4 is an enlarged cross-sectional view showing
the structure of the periphery of a contact hole of the organic
EL display panel relating to Embodiment 1.

[0024] FIG. 5 is a partial cross-sectional view showing the
structure of an organic EL display panel having an applying-
type HIL relating to Embodiment 2.

[0025] FIG. 6A is a top view schematically showing the
structure of an organic EL display panel having the line bank
structure relating to Embodiment 3, and

[0026] FIG. 6B and FIG. 6C are each a partial cross-sec-
tional view of the structure of the periphery of a bank.
[0027] FIG. 7 is a partial enlarged view showing the struc-
ture of an organic EL display panel having the line bank
structure relating to Embodiment 4.

[0028] FIG. 8 is a partial enlarged view showing the struc-
ture of an organic EL display panel having the pixel bank
structure relating to Embodiment 5.

[0029] FIG. 9is a partial enlarged view showing the struc-
ture of an organic EL. display panel having the pixel bank
structure relating to Embodiment 6.

[0030] FIG.10is a partial cross-sectional view showing the
structure of the periphery of a contact hole of an organic EL.
display panel having the pixel bank structure relating to
Embodiment 7.

[0031] FIG. 11 shows a manufacturing process of an
organic EL display panel (first method).

[0032] FIG. 12 shows a manufacturing process of an
organic EL display panel (second method).

[0033] FIG. 13 shows a manufacturing process of an
organic EL display panel (bank manufacturing step).
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[0034] FIG. 14 shows a manufacturing process of an
organic el display panel (lyophilic processing on recess).
[0035] FIG. 15 schematically shows a manufacturing pro-
cess of an organic EL display panel (application step).
[0036] FIG. 16 is a graph showing the relation in recess
depth between a bank and a planarizing film.

[0037] FIG. 17 shows results of measurement on the cross-
section of the bank when the planarizing film has a recess of
0 nm in depth.

[0038] FIG. 18 shows results of measurement on the cross-
section of the bank when the planarizing film has a recess of
240 nm in depth.

[0039] FIG. 19 shows results of measurement on the cross-
section of the bank when the planarizing film has a recess of
4000 nm in depth.

[0040] FIG. 20 shows the wiring of a display device.
[0041] FIG. 21 shows an example of the visual appearance
of'a TV system with use of the display device.

[0042] FIG. 22 is a cross-sectional view for explaining an
effect exhibited by Embodiment 1 of prevention of color
mixture of inks.

[0043] FIG. 23 is a cross-sectional view for explaining a
conventional problem (color mixture of inks).

DETAILED DESCRIPTION

Embodiments

[0044] According to one aspect of the present invention, an
organic EL display panel comprises: a substrate; an interlayer
insulating layer that is provided on the substrate; first elec-
trodes that are provided on the interlayer insulating layer so as
to correspond one-to-one to element formation regions
arranged in rows and columns above the substrate; banks that
are provided extending in columns to partition the element
formation regions arranged in rows; organic light-emitting
layers that are provided above the first electrodes in one-to-
one correspondence, and each contain an organic light-emit-
ting material having a light-emitting color differing between
each two adjacent element formation regions arranged in
rows; and second electrodes that are provided above the
organic light-emitting layers in one-to-one correspondence,
and are opposite in polarity to the first electrodes, wherein the
interlayer insulating layer has a first opening that corresponds
in position to an interval between each two adjacent first
electrodes in rows, the banks each have a buried part and a
main part that are integrally formed, the buried part fills the
interval and the first opening, and the main part is a protrusion
of the buried part, and the main part has, on a top thereof, a
first recess along with respective shapes of the interval and the
first opening.

[0045] According to the organic EL display panel having
the above structure, the bank has the buried part that fills the
interval between each two adjacent first electrodes in rows
and the first opening formed in the interlayer insulating layer
(planarizing film). Also, the first recess is formed on the top of
the main part along with the respective shapes of the interval
and the first opening. Accordingly, the depth of the first recess
is adjusted in accordance with the depth of the interlayer
insulating layer. As a result, it is possible to form the first
depression having a sufficient depth by adjusting beforehand
the depth of the first opening. This makes it possible to
remarkably set the first recess to have a large depth compared
with accuracy, with conventional art. even if an ink applied to
each element formation region overflows due to vibration or
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acceleration resulting from conveying the substrate, the over-
flowed ink is effectively held within the first recess having a
sufficient depth. This prevents color mixture of inks, thereby
excellently manufacturing an organic EL display panel.
[0046] Inadditionto the above effect, the following effectis
exhibited. By forming the buried part in the first opening
having a sufficient depth formed in the interlayer insulating
layer between each two adjacent first electrodes, the bank is
provided tightly toward the substrate owing to so-called the
spike effect. Accordingly, the edge of each of the first elec-
trodes is forced toward the substrate by the bottom surface of
the main part, which is formed integrally with the buried part.
This improves the adhesion between the first electrode and
the interlayer insulating layer, thereby suppressing uplift and
detachment of the first electrode from the interlayer insulat-
ing layer. As a result, the first electrode is certainly provided.
Furthermore, the buried part is positioned between each two
adjacent first electrodes. The buried part certainly insulates
between each two adjacent first electrodes, thereby leading to
an expectation of improvement in operative reliability of the
organic EL display panel.

[0047] According to another aspect of the present inven-
tion, the organic light-emitting layers each may result from
applying an ink containing the organic light-emitting material
to one of the element formation regions, and drying the
applied ink.

[0048] Inthe case where the organic light-emitting layer is
formed by applying an ink such as described above, it is
possible to appropriately hold, within the first recess formed
in the main part, an ink overflowed beyond an element for-
mation region, thereby appropriately preventing color mix-
ture of inks.

[0049] According to another aspect of the present inven-
tion, the banks may be arranged in parallel rows at predeter-
mined intervals.

[0050] With the above structure of the organic EL display
panel having so-called the line bank structure in which banks
extending in the same direction are arranged in parallel, it is
possible to appropriately prevent color mixture of inks
between each two adjacent element formation regions with a
bank interposed therebetween, by providing the first recess on
the top of the main part.

[0051] According to another aspect of the present inven-
tion, the first recesses may be formed in columns.

[0052] The above structure enables formation of the first
recess having a sufficient volume. Accordingly, it is possible
to hold a large amount of ink overflowed beyond the element
formation region, thereby more effectively preventing color
mixture of inks.

[0053] According to another aspect of the present inven-
tion, the organic EL display panel may further comprise
banks that are provided extending in rows to partition the
element formation regions arranged in columns.

[0054] With the above structure of the organic EL display
panel having so-called the line bank structure in which banks
are formed in rows and columns so as to form a lattice shape,
it is possible to prevent color mixture of inks applied to
element formation regions of different light-emitting colors,
by forming the first recess in the main part.

[0055] In this case, according to another aspect of the
present invention, the interlayer insulating layer may have
further provided therein a second opening that corresponds in
position to an interval between each two adjacent first elec-
trodes in columns, the banks extending in rows each may have
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a buried part and a main part that are integrally formed, the
buried part may be filled in the interval in columns and the
second opening, and the main part may be a protrusion of the
buried part, and the main part may have, on a top thereof, a
second recess along with the respective shapes of the interval
in columns and the second opening.

[0056] With the above structure of the organic EL display
panel having the pixel bank structure in which recesses,
namely the first recess and the recess, are formed in the main
part of respective banks in columns and rows, respectively.
This prevents color mixture of inks having different light-
emitting colors, and prevents overflowing of inks in both
columns and rows. This leads to expectation of an effect of
uniformization of amount of inks in each element formation
region.

[0057] According to another aspect of the present inven-
tion, the first recess may have higher lyophilicity than a sur-
face of the main part.

[0058] According to another aspect of the present inven-
tion, the second recess may have higher lyophilicity than a
surface of the main part.

[0059] With the above structure of the organic EL display
panel, at least one of the first recess and the second recess has
lyophilicity. Accordingly, in the case where an ink containing
an organic light-emitting material overflows into the first
recess or the second recess, the surface of the first recess or the
second recess into which the ink overflowed contacts the
overflowed ink with a high wettability, thereby appropriately
forming an ink collection. Accordingly, it is possible to hold
a large amount of overflowed ink within the first recess or the
second recess having lyophilicity, thereby more effectively
preventing color mixture of inks.

[0060] Here, the “lyophilicity” means lyophilicity to an ink
containing an organic light-emitting material. Specifically, in
the case where the ink is aquatic, the “lyophilicity” indicates
“hydrophilicity”.

[0061] Note that at least one of the first recess and the
second recess has lyophilicity, and the surface of the main part
other than the first recess and the second recess has lyopho-
bicity. This prevents broad adherence of the ink to the surface
of the main part. Therefore, the ink is appropriately held
within an element formation region between each two adja-
cent banks. This leads to expectation of an effect of prevent-
ing overflow of the ink beyond the element formation region.
[0062] According to another aspect of the present inven-
tion, the organic EL display panel may further comprise one
or more functional layers that are provided between the first
electrodes and the organic light-emitting layers, wherein the
functional layers each may include a charge injection trans-
port layer for injecting or transporting charge, and the charge
injection transport layer may directly contact the first elec-
trodes and cover the interval between each two adjacent first
electrodes in rows and an inner periphery of each of the first
openings.

[0063] With the above structure of providing the charge
injection transport layer, the buried part of the bank is pro-
vided in the first opening. Accordingly, both the first electrode
and the charge injection transport layer are forced toward the
substrate by the bottom surface of the main part, which is
formed integrally with the buried part. This prevents uplift
and detachment of the first electrode and the charge injection
transport layer.

[0064] According to another aspect of the present inven-
tion, the organic EL display panel may further comprise one
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or more functional layers that are provided between the first
electrodes and the organic light-emitting layers, wherein the
functional layers each may include a charge injection trans-
port layer for injecting or transporting charge, and the banks
each may contact the interval between each two adjacent first
electrodes in rows and an inner periphery of each of the first
openings.

[0065] With the above structure, it is possible to form a
charge injection transport layer, which is no contact with the
inside of the first opening, by applying an ink containing a
material of the charge injection transport layer in the same
manner as that of the organic light-emitting layer.

[0066] According to another aspect of the present inven-
tion, the first recess may have a depth equivalent to 10% to
100% of a length from an upper surface of the interlayer
insulating layer to the top of the main part.

[0067] With the above structure of adjusting the depth of
the first recess, it is possible to appropriately hold an ink
overflowed beyond each element formation region. Similarly,
the second recess may have a depth equivalent to 10% to
100% of a length from an upper surface of the interlayer
insulating layer to the top of the main part.

[0068] According to another aspect of the present inven-
tion, a method of manufacturing an organic EL display panel,
comprises: an interlayer insulating layer forming step of
forming an interlayer insulating layer on a substrate; a first
electrode forming step of forming first electrodes on the inter-
layer insulating layer so as to correspond one-to-one to ele-
ment formation regions arranged in rows and columns above
the substrate; a bank forming step of forming banks so as to
extend in columns to partition the element formation regions
arranged in rows; an organic light-emitting layer forming step
of forming organic light-emitting layers above the first elec-
trodes in one-to-one correspondence, by applying inks that
each contain an organic light-emitting materials and drying
the applied inks; and a second electrode forming step of
forming second electrodes above the organic light-emitting
layers in one-to-one correspondence so as to be opposite in
polarity to the first electrodes, wherein in the interlayer insu-
lating layer forming step, the interlayer insulating layer is
formed by a photoresist method so as to have provided therein
a first opening that corresponds in position to an interval
between each two adjacent first electrodes in rows, in the
organic light-emitting layer forming step, the organic light-
emitting layers are formed so as to each contain an organic
light-emitting material having a light-emitting color differing
between each two adjacent element formation regions
arranged in rows, and in the bank forming step, the banks are
each formed by filling a buried part in the interval and the first
opening and forming a main part integrally with the buried
part, and a first recess is formed by recessing a top of the main
part along with respective shapes of the interval and the first
opening.

[0069] With the above method of manufacturing the
organic EL display panel, even if an ink containing an organic
light-emitting material applied above each first electrode
overflows due to vibration or acceleration resulting from con-
veying the substrate, the overflowed ink is effectively held
within the first recess on the top of the main part. This pre-
vents color mixture of inks applied to element formation
regions having different light-emitting colors.

[0070] According to another aspect of the present inven-
tion, after the bank forming step is performed, lyophilic pro-
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cessing may be performed on the first recess so as to have a
higher lyophilicity than a surface of the main part.

[0071] According to another aspect of the present inven-
tion, the lyophilic processing may be performed by perform-
ing halftone exposure processing or ultraviolet irradiation
processing.

[0072] According to another aspect of the present inven-
tion, the method of manufacturing the organic ELL display
panel may further comprise, between the first electrode form-
ing step and the bank forming step, a functional layer forming
step of forming one or more functional layers over each of the
first electrodes, wherein in the functional layer forming step,
a charge injection transport layer may be provided as each of
the functional layers so as to directly contact the first elec-
trodes and cover the interval between each two adjacent first
electrodes in rows and an inner periphery of each of the first
openings.

[0073] According to another aspect of the present inven-
tion, a method of manufacturing an organic EL display panel
may comprise: an interlayer insulating layer forming step of
forming an interlayer insulating layer on a substrate; a first
electrode forming step of forming first electrodes on the inter-
layer insulating layer so as to correspond one-to-one to ele-
ment formation regions arranged in rows and columns above
the substrate; a bank forming step of forming banks so as to
extend in columns to partition the element formation regions
arranged in rows; an organic light-emitting layer forming step
of forming organic light-emitting layers above the first elec-
trodes in one-to-one correspondence, by applying inks that
each contain an organic light-emitting material and drying the
applied inks; and a second electrode forming step of forming
second electrodes above the organic light-emitting layers in
one-to-one correspondence so as to be opposite in polarity to
the first electrodes, wherein in the first electrode forming step,
a metal film may be formed so as to face the interlayer insu-
lating layer, etching processing may be performed on the
metal film to pattern the first electrodes and cut part of the
interlayer insulating layer corresponding in position to an
interval between each two adjacent electrodes in rows to form
a first opening, in the organic light-emitting layer forming
step, the organic light-emitting layers may be formed so as to
each contain an organic light-emitting material having a light-
emitting color differing between each two adjacent element
formation regions arranged in rows, and in the bank forming
step, the banks each may be formed by filling a buried part in
the interval and the first opening and forming a main part
integrally with the buried part, and a first recess may be
formed by recessing a top of the main part along with respec-
tive shapes of the interval and the first opening.

[0074] According to another aspect of the present inven-
tion, after the bank forming step is performed, lyophilic pro-
cessing may be performed on the first recess so as to have a
higher lyophilicity than a surface of the main part.

[0075] According to another aspect of the present inven-
tion, the lyophilic processing may be performed by perform-
ing halftone exposure processing or ultraviolet irradiation
processing.

[0076] According to another aspect of the present inven-
tion, the method of manufacturing the organic EL display
panel may further comprise, between the first electrode form-
ing step and the bank forming step, a functional layer forming
step of forming one or more functional layers so as to face
each of the first electrodes, wherein in the functional layer
forming step, a charge injection transport layer may be pro-
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vided as each of the functional layers so as to directly contact
the first electrodes and cover the interval between each two
adjacent first electrodes in rows and an inner periphery of
each of the first openings.

Embodiment 1

Structure of Organic EL Display Panel 100

[0077] FIG. 1 is a top view showing the structure of a
top-emission type organic EL display panel 100 (hereinafter,
referred to just as “panel 100”) relating to Embodiment 1.
FIG. 2 is a partial enlarged view showing the periphery of one
organic EL element arranged on the panel 100. For conve-
nience of explanation, the structure of a second electrode
(cathode), a passivation layer, and so on arranged above an
organic light-emitting layer 8 are omitted in FIG. 1 and FIG.
2.InFIG. 2, dashed lines indicate the shape of a first electrode
6, and two-dot chain lines indicate the shape of a contact hole
5.

[0078] According to the panel 100 as shown in FIG. 1,
respective element formation regions are arranged in the col-
umn direction (X direction) and the row direction (Y direc-
tion). Organic EL elements 15 (specifically, 15R, 15G, and
15B) are arranged in a matrix in one-to-one correspondence
with the element formation regions. In the row direction (Y’
direction), the organic EL elements 15R, 15G, and 15B each
having an organic light-emitting layer 8 corresponding to a
light-emitting color of any one of RGB are repeatedly
arranged as sub-pixels. According to the panel 100, a combi-
nation of sub-pixels of three colors adjacent in the row direc-
tion (Y direction) functions as one pixel. Note that, in FIG. 1,
numerical reference 20 indicates a sealing member arranged
around the panel 100. Also, although not illustrated, a front
panel is placed on the panel 100, and is sealed to the panel 100
via the sealing member 20.

[0079] The panel 100 applies so-called the line bank struc-
ture in which banks 10L linearly extending in the column
direction (X direction) are arranged in stripes in the row
direction (Y direction). Between each two adjacent banks
10L, any one of the organic EL elements 15R, 15B, and 15G
is arranged plural times. As shown in FIG. 2, organic EL
elements 15 of the same color between each two adjacent
banks 10L are partitioned by a pixel defining layer (PCL) 11
forming a nonluminescent region (pixel defining region).

[0080] FIG. 3 is a partial cross-sectional view showing the
panel 100 taken along line A-A' in FIG. 2 for explaining the
layer structure of the periphery of one organic EL element.
FIG. 4 is a partial cross-sectional view showing the panel 100
taken along line B-B' in FIG. 2.

[0081] As shown in FIG. 3, the panel 100 is formed by
layering, on one of main surfaces of a TFT substrate 1 (here-
inafter, referred to just as “substrate 1), a TFT wiring part
(TFT layer) 2, a planarizing film (interlayer insulating layer)
4, a first electrode (anode) 6, and a charge injection transport
layer 7 in this order. The banks 10L are formed on a surface of
the of the charge injection transport layer 7 of the panel 100.
Alternatively, in the case where the charge injection transport
layer 7 is formed after layering of the banks 10L or in the case
where no charge injection transport layer 7 is provided, the
bank 10L may be formed directly on the planarizing film 4.

[0082] In an element formation region between each two
adjacent banks 101, the organic light-emitting layer 8, the
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second electrode, and the passivation layer are layered in this
order. Note that the second electrode and the passivation layer
are not illustrated.

[0083] The substrate 1 is a base part of the panel 100, and is
formed by any of known insulating materials including 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,
and alumina.

[0084] TheTFT wiring part 2 is formed on the surface of the
substrate 1 in order to drive all the organic EL elements 15R,
15G, and 15B arranged on the panel 100 by an active matrix
system.

[0085] Theplanarizing film 4 is formed by an organic mate-
rial having excellent heat resistance properties and insulation
properties such as polyimide. The planarizing film 4 is pro-
vided in order to cover the TFT wiring part 2 excluding a feed
electrode (transparent electrode) 3 provided in the TFT wir-
ing part 2, thereby to planarize the surface of the substrate 1.
Note that, as shown in FIG. 4, the planarizing film 4 has
therein the contact hole 5 formed by digging down a part
thereof corresponding in position to the feed electrode 3 in the
thickness direction (Z direction) to form a hole having a
circular bottom. This is in order to expose the feed electrode
3 to be electrically connected with the first electrode 6.

[0086] The number of contact holes 5 to be formed in each
element formation region may be two or more. Also, the
contact hole 5 may have a polygonal bottom, instead of the
circular bottom such as shown in FIG. 2.

[0087] Furthermore, as shown in FIG. 3, in a part of the
planarizing film 4 corresponding in position to the interval
between each two adjacent first electrodes 6 in the row direc-
tion (Y direction), an opening 41 is formed by digging down
the part of the planarizing film 4 to a certain depth. The
opening 41 is formed as a groove in the column direction (X
direction).

[0088] The first electrodes 6 are each a rectangle anode
electrode having a certain length. As shown in FIG. 1 and
FIG. 2, the first electrodes 6 are arranged in matrix for each
element formation region so as to be rectangle in the column
direction (X direction). The first electrode 6 is formed by
layering a transparent conductive film on a surface of a reflec-
tive metal film (reflective anode). Most parts of the bottom
surface of the first electrode 6 is in contact with the surface of
the planarizing film 4. Part of the first electrode 6 penetrates
inside the contact hole 5 so as to be electrically connected
with the feed electrode 3.

[0089] The reflective metal film feeds power to the organic
light-emitting layer 8. The reflective metal film is formed by
a metal material having an excellent visible-light reflectivity
such as aluminum and aluminum alloy in order to effectively
extract light generated by the organic light-emitting layer 8
from above. Here, the aluminum alloy is alloy of aluminum
and at least one of metal, copper, manganese, zinc, nickel,
magnesium, palladium, cobalt, and neodymium.

[0090] The transparent conductive film is formed by a
known transparent conductive material such as ITO (Indium
Tin Oxide) and 1ZO (Indium Zinc Oxide). The transparent
conductive film covers the reflective metal film. This is in
order to block the reflective metal film off from oxygen and so
on in the atmosphere to prevent the reflective metal film from
decreasing in reflectivity and conductivity due to unnecessary
coated film formation.
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[0091] The pixel defining layer 11 is formed by an insulat-
ing material such as SiON (silicon oxynitride). As shown in
FIG.1 and FIG. 2, the pixel defining layer 11 is formed on the
surface of the charge injection transport layer 7 between each
two adjacent element formation regions in the column direc-
tion (X direction), so as to be perpendicular to the longitudi-
nal direction of the bank 10L (X direction). A region in which
the pixel defining layer 11 is provided is formed as a nonlu-
minescent region as a result of blocking power supply to the
first electrode 6 and the second electrode, which is not illus-
trated, to the organic light-emitting layer 8 when driven.

[0092] The charge injection transport layer 7 is one of func-
tional layers provided between the first electrode 6 and the
organic light-emitting layer 8. The charge injection transport
layer 7 is provided in order to effectively transport charge
(hole) fed from the first electrode 6 when driven, and inject
the charge into the organic light-emitting layer 8. The charge
injection transport layer 7 is formed from a known oxidized
material such as molybdenum and tungsten. The charge injec-
tion transport layer 7 is provided by a deposition method here.
In this case, as shown in FIG. 3, the charge injection transport
layer 7 is layered on the first electrode 6 so as to directly
contact the top surface of the first electrode 6, and cover the
interval between each two adjacent first electrodes 6 in the
row direction and the inner surface of the opening 41 of the
planarizing film 4.

[0093] Note that the functional layer is provided between
the first electrode 6 and the organic light-emitting layer 8, as
a laminate composed of one or more layers. Accordingly,
other functional layer may be layered in addition to the charge
injection transport layer 7. Alternatively, instead of the charge
injection transport layer 7, two functional layers of a charge
injection layer and a charge transport layer are layered in this
order from the surface of the first electrode 6.

[0094] The organic light-emitting layer 8 is formed by
applying an ink containing a predetermined organic light-
emitting material corresponding to any one of light-emitting
colors of RGB to the surface of the charge injection transport
layer 7 and drying the applied ink. As this organic light-
emitting material, a known material is available as shown
below. The known materials include, for example, materials
disclosed in Japanese Patent Application Publication No.
5-163488 including oxinoid compound, perylene compound,
coumarin compound, azacouramin compound, oxazole com-
pound, oxadiazole compound, perinone compound, pyrrol-
opyrrole compound, naphthalene compound, anthracene
compound, fluorene compound, fluoranthene compound, tet-
racene compound, pyrene compound, coronene compound,
quinolone compound and azaquinolone compound, pyrazo-
line derivative and pyrazolone derivative, rhodamine com-
pound, chrysene compound, phenanthrene compound, cyclo-
pentadiene compound, stilbene compound, diphenylquinone
compound, styryl compound, butadiene compound, dicya-
nomethylenepyran compound, dicyanomethylenethiopyran
compound, fluorescein compound, pyrylium compound, thi-
apyrylium compound, selenapyrylium compound, telluropy-
rylium compound, aromatic aldadiene compound, oligophe-
nylene compound, thioxanthene compound, anthracene
compound, cyanine compound, acridine compound, and
metal complex of 8-hydroxyquinoline compound, metal
complex of 2-2'-bipyridine compound, complex of a Schiff
base and group III metal, oxine metal complex, phosophor
such as rare earth complex, and so on.
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[0095] The banks 10L are each formed from an insulating
organic material such as acrylic resin, polyimide resin, and
novolac-type phenolic resin. The banks 10L linearly extend in
the column direction (X direction) each so as to partition each
two adjacent element formation regions in the Y direction.
Also, the banks 10L are arranged at regular intervals in stripes
in the Y direction. The panel 100 has the following charac-
teristics. The bank 10L is composed of a buried part 102
resulting from burying a bank material in the opening 41
formed in the planarizing film 4 and the interval between each
two adjacent first electrodes 6 in the row direction (Y direc-
tion) and a main part 103 resulting from uplifting the bank
material from the buried part 102. On the top of the main part
103, a recess 101 is formed by recessing down the bank
material that forms the buried part 102 along with the shape of
the interval between each two adjacent first electrodes 6 in the
row direction (Y direction) and the shape of the inner surface
of the opening 41 of the planarizing film 4.

[0096] Therecesses 101 are overall grooves formed in lines
in the longitudinal direction of the bank 10L (column direc-
tion, namely, X direction). The recesses 101 are formed in
order to prevent color mixture of inks. Specifically, in the
process of manufacturing the panel 100, in the case where an
ink containing an organic light-emitting material is applied to
each element formation region as a material of the organic
light-emitting layer 8, the applied ink might overflow beyond
the element formation region. In such a case, it is necessary to
appropriately hold the overflowed ink, and prevent color mix-
ture of inks between element formation regions each having a
different light-emitting colors partitioned by the bank 10L.
Lyophilic processing is performed on the inner surface of the
recess 101 in order to appropriately hold the ink overflowed
beyond the element formation region as an ink collection 9X
(FIG. 22). Compared with this, the surface of the main part
103 excluding the recess 101 is water-repellent, and the ink is
dried so as to be on the element formation region as a uniform
applied film.

[0097] The shape of the recess 101 is determined so as to
along with the shape of the interval between each two adja-
cent first electrodes 6 and the shape of the opening 41.
Accordingly, the depth (recess depth) of the recess 101 is
proportional to the depth of the opening 41. The recess 101
desirably has a depth sufficient for appropriately holding the
ink that has overflowed described above. For example, it is
appropriate to set the recess 101 to have a depth equivalent to
10% to 100% of the height from the surface of the planarizing
film 4 to the top of the main part 103.

[0098] Next, the second electrode layered on the organic
light-emitting layer 8 is formed by ITO, IZO, or the like.
Because the panel 100 is top-emission type, the second elec-
trode needs to be formed from a light transmissive material.

[0099] On the second electrode, a known passivation layer
(sealing layer) is provided. The passivation layer is formed
from SiN (silicon nitride), SiON, or the like, and suppresses
deterioration of the organic light-emitting layer 8 due to expo-
sure to liquid, air, and so on. The passivation layer also needs
to be formed from a light transmissive material.

(Structure Example of Display Device)

[0100] FIG. 20 shows the structure of a display device 200
with use of the panel 100.
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[0101] Thedisplay device 200 includes the panel 100 and a
drive control unit 120 connected with each other. The drive
control unit 120 is composed of four drive circuits 121 to 124
and a control circuit 125.

[0102] FIG. 21 shows an example of the visual appearance
of a TV system with use of the display device 200.

(Effects of Panel 100)

[0103] According to the panel 100 having the above struc-
ture, the organic light-emitting layers 8 each having a differ-
ent light-emitting color to be provided above the organic EL
elements 15R to 15B are appropriately formed so as to pre-
vent color mixture of inks containing organic light-emitting
materials with use of the recess 101 of the bank 10L in the step
of manufacturing the panel 100. This exhibits an excellent
image display capability.

[0104] Specifically, in the application step by the inkjet
method, the organic light-emitting layer 8 is fox by generally
applying an ink containing an organic light-emitting material
and a solvent and evaporating and drying a solvent compo-
nent of the ink. Here, the recess 101 is formed, not by taking
advantage of volume shrinkage of the bank material due to
baking processing of the bank 10L, but by making adjustment
to have a sufficient depth (volume) in accordance with the
shape of the opening 41 formed in the planarizing film 4 and
the shape of the interval between each two adjacent first
electrodes 6 in the column direction (Y direction). Accord-
ingly, as shown in FIG. 22, even if a large amount of ink
applied to each element formation region overflows beyond
the element formation region due to vibration or acceleration
resulting from conveying the substrate 1, the overflowed ink
enters the recess 101 having a sufficient depth (volume), and
the ink is appropriately held within the recess 101 as the ink
collection 9X. This suppress further overflow of the ink
beyond the bank 10L into other element formation region.
Accordingly, it is possible to prevent color mixture of applied
inks each having a different light-emitting color partitioned
by the bank 10L, and excellently form the organic light-
emitting layers 8, thereby realizing the panel 100 having an
excellent image display capability.

[0105] Furthermore, the panel 100 has the structure in
which the buried part 102 is formed in the opening 41 having
a sufficient depth formed in part of the planarizing film 4
between each two adjacent first electrodes 6 in the column
direction (Y direction). As a result, the bank 10L is provided
tightly toward the substrate 1 owing to so-called the spike
effect. Accordingly, upon being forced from the bottom sur-
face of the main part 103 (the surface of the main part 103
along the substrate 1), which is formed integrally with the
buried part 102, the edge of the first electrode 6 and the edge
of the charge injection transport layer 7 are forced toward the
substrate 1. This suppress uplift and detachment of the first
electrode 6 and the charge injection transport layer 7 from the
surface of the planarizing film 4 and the surface of the first
electrode 6, respectively. As a result, it is possible to improve
the adhesion between the first electrode 6 and the planarizing
film 4 and the adhesion between the first electrode 6 and the
charge injection transport layer 7, thereby appropriately pro-
viding the first electrode 6, the planarizing film 4, and the
charge injection transport layer 7.

[0106] The panel 100 has the structure in which the inner
periphery of the opening 41 is covered by the charge injection
transport layer 7. The buried part 102 has a large area in
contact with the charge injection transport layer 7 corre-
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sponding to the area of the covered inner periphery of the
opening 41. As a result, the charge injection transport layer 7
stably maintains both an excellent adhesion between the
charge injection transport layer 7 and the buried part 102 and
an excellent adhesion between the charge injection transport
layer 7 and the first electrode 6.

[0107] Furthermore, the panel 100 has the structure in
which the buried part 102 is positioned between each two
adjacent first electrodes 6 in the row direction (Y direction).
This certainly insulates between each two adjacent first elec-
trodes 6, thereby leading to an expectation of improvement in
operative reliability of the panel 100.

[0108] The recess 101 having sufficient depth and shape is
formed by adjusting the depth ofthe opening 41 formed in the
planarizing film 4. The adjustment of the depth of the recess
101 is detailed later.

[0109] (Method of Manufacturing Organic EL Display
Panel 100)
[0110] The following exemplifies the outline of a method of

manufacturing the organic EL display panel 100 with refer-
ence to FIG. 11 to FIG. 14. For simplification of explanation,
the substrate 1, the TFT layer 2, and the feed electrode 3 are
omitted in FIG. 11 to FIG. 14. Also, FIG. 11 to FIG. 13 each
show, on the left, a Y-Z cross-sectional view showing the
peripheral region of the bank 10L (recess 101), and each
show, on the right, an X-Z cross-sectional view showing the
peripheral region of the contact hole 5.

[0111] The following manufacturing method is naturally
just an example. Other manufacturing method is of course
applicable. Although the method of manufacturing the panel
100 is mainly described here, panels 100A to 100E which are
described later are also manufactured basically in the same
manner.

(Step of Preparing Substrate)

[0112] Firstly, asubstrate1 is prepared, and is placed inside
a chamber of a sputtering film forming device. Then, a pre-
determined sputtering gas is introduced into the chamber to
form a TFT layer 2 such as shown in FIG. 3 and a feed
electrode 3 by a reactive sputtering method.

(Step of Forming Planarizing Film: First Method)

[0113] By a photoresist method, an organic material (pla-
narizing film material 4X) containing a known light curable
resin having excellent insulation properties is uniformly
applied above the TFT layer 2 and the feed electrode 3 so as
to have a final thickness of approximately 4 pm (FIG. 11(a)).

[0114] Then, a predetermined photomask PM1 is placed
above a surface of the planarizing film material 4X, which has
been applied. On a part in which an opening 41 is to be
formed, a halftone window is placed. On a part in which a
contact hole 5 is to be formed, an opening window is placed.
Then, exposure processing is performed from the outside
(FIG. 11(5)). Then, photograph processing is performed. As a
result, a recess having a certain depth is formed on the part in
which the opening 41 is to be formed, and an opening is
formed on the part in which the contact hole 5 is to be formed
(FIG. 11(c)). Note that placement of the halftone windows is
one meaning for adjusting the depth of the opening 41. The
increase in exposure amount of the halftone windows adjusts
the opening 41 to have large depth. Then, baking processing
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is performed. As a result, the opening 41 and the contact hole
5 are formed, and this completes a planarizing film 4 (FIG.
11(d).

[0115] Although described later, with respect to the panels
100A to 100C having the line bank structure and the panels
100D to 100F having the pixel bank structure, it is possible to
form the planarizing film 4 in the same manner as that
described above by adjusting each of the position (pattern)
and the light transmissivity of the halftone window of the
photomask PM1, and adjusting beforehand the depth and the
shape of the opening 41 to be formed.

(Step of Forming First Electrode: First Method)

[0116] Next, ametal film 6X having a thickness of approxi-
mately 50 nm is uniformly formed above the planarizing film
4 by a vacuum deposition method or a sputtering method
(FIG.11(e)). Then, aresist PR1 containing a photodegradable
resin is uniformly applied above the metal film 6X (FIG.
11(f)), and exposure processing is performed on the applied
photodegradable resin via a photomask PM2 having an open-
ing window in a position corresponding to the opening 41
(FIG. 11(g)). Then, photograph processing is performed
(FIG. 11(h)). As a result, a portion of the resist PR1 corre-
sponding in position to the opening 41 is peeled off. Further-
more, etching processing is performed (FIG. 11(¥)) to peel off
a remaining portion of the resist PR1. As a result, an edge of
the metal film 6X facing the opening 41 is cut. This completes
the first electrode 6 provided so as to cover the inside of the
contact hole 5 (FIG. 11())).

[0117] Note that the following second method is applicable
to the step of forming the planarizing film 4 and the step of
forming the first electrode. The second method has the char-
acteristics that the surface of the planarizing film 4 that has
been planarized once is etched in accordance with the pat-
terning of a first electrode 6 to provide the opening 41.

(Step of Forming Planarizing Film: Second Method)

[0118] As the same manner as shown in FIG. 12(a), the
planarizing film material 4X is uniformly applied above the
TFT layer 2 and the feed electrode 3 by the photoresist
method so as to have a final thickness of approximately 4 pm
(FIG. 12(a)).

[0119] Next, on the surface of the applied planarizing film
material 4X, an opening window is placed on a part in which
the contact hole 5 is to be formed, and a photomask PM1 is
provided so as to completely shield light in the part in which
an opening 41 is to be formed. Then, exposure processing is
performed from the outside (FIG. 12(5)). Then, photograph
processing is performed. As a result, the part in which the
opening 41 is to be formed is still planarized, and an opening
is formed on the part in which the contact hole 5 is to be
formed (FIG. 12(c)). Then, baking processing is performed.
As a result, the contact hole 5 is formed, and this completes
the planarizing film 4 (FIG. 12(d)).

(Step of Forming First Electrode: Second Method)

[0120] In the same manner as shown in FIG. 11(e) to (g), a
metal film 6X is formed, a resist PR1 is uniformly formed
above the metal film 6X, and then exposure processing is
performed on the resist PR1 via the photomask PM2 (FIG.
12(e) to (g)). Photograph processing is performed. As a result,
the metal film 6X is exposed in the part in which the opening
41 is to be formed (FIG. 12(%)). Next, first etching processing
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is performed by wet-etching to pattern the metal film 6X to
form the first electrode 6 (FIG. 12(i)). Here, the planarizing
film 4 between each two adjacent first electrodes 6 in the Y
direction is exposed. Then, second etching processing is per-
formed by wet-etching or dry-etching to cut the exposed
planarizing film 4 in the thickness direction (FIG. 12())).
Here, it is possible to increase the depth of the opening 41
proportional to the strength and processing time period of the
second etching processing. Then, the resist PR1 is peeled off
to form the opening 41 in the same manner as shown in FIG.
11(j), and also a substrate on which the first electrode 6 is
formed is completed (FIG. 12(k)).

[0121] After the step of forming first electrode by the first
method or the second method described above, a step of
forming functional layer is performed.

(Step of Forming Pixel Defining Layer)

[0122] An inorganic oxide (insulator) such as SiON is uni-
formly formed above the surface of the substrate 1 by the
vacuum deposition method. A pixel defining layer 11 is
formed on the surface of the inorganic oxide between each
two element formation regions in the column direction (X
direction) by the photoresist method. Specifically, a resist
material containing a photodegradable resin is uniformly
applied above the surface of the substrate 1 on which the
functional layer is formed. Then, a photomask is provided
such that an opening window is arranged in a position other
than a position corresponding to the interval between the
element formation regions. Photograph processing is per-
formed. As a result, a resist film whose parts excluding the
interval between each two adjacent element formation
regions are exposed in stripes is formed in the row direction
(Y direction).

[0123] Etching processing is performed to remove the inor-
ganic oxide formed other than on the element formation
regions and peel off the resist film. As a result, the pixel
defining layer 11 having the pattern shown in FIG. 2 is
formed.

(Step of Forming Functional Layer)

[0124] A charge injection transport layer 7 is formed as a
functional layer on the first electrode 6. The charge injection
transport layer 7 is formed by a reactive sputtering method.
Specifically, the charge injection transport layer 7 is formed
by using a metal material such as molybdenum and tungsten
as a sputter source (target) and introducing argon gas and
oxygen gas as sputtering gas and reactive gas into the cham-
ber, respectively into the chamber (FIG. 13(a)). Then, anneal
processing is performed. As a result, the charge injection
transport layer 7 is formed by oxide such as molybdenum and
tungsten (FIG. 13(b)). With use of the reactive sputtering
method that is one type of thin film formation methods, the
charge injection transport layer 7 is uniquely formed on the
inner circumferential surface of the opening 41 and the sur-
face of the first electrode 6 in the contact hole 5.

(Step of Forming Bank)

[0125] As a bank material, a fluorine resist material or an
acrylic resist material containing light curable resin is pre-
pared, for example. The prepared bank material is uniquely
applied above the surface of the charge injection transport
layer 7 (FIG. 13(c)). Here, parts of the resist material applied
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to the opening 41 and the contact hole 5 are recessed down
along with the respective shapes of the opening 41 and the
contact hole 5 (FIG. 13(¢)).

[0126] Furthermore, a photomask PM3 is provided on the
applied material 10X, and exposure processing is performed
such that light enters the position corresponding to the open-
ing 41 via the opening window (FIG. 13(d)). Then, photo-
graph processing is performed. As a result, part of the resist
material 10X that does not correspond in position to the
opening 41 is removed (FIG. 13(e)). Then, baking processing
is performed. This completes the banks 10L in lines each
having the buried part 102, the main part 103, and the recess
101 (FIG. 13()).

[0127] Each of the panels 100A to 100F which are
described later is recessed down along with the opening 41
having the predetermined depth and shape which has been
already formed (FIG. 13(c)). As a result, banks 10P and 10L
having any of a predetermined recess 101, 101X, 101Y, and
so on are formed.

(Step of Lyophilic Processing)

[0128] A resist PR2 containing photodegradable resin is
applied to the surface of the bank 10L formed as described
above (FIG. 14(a)). A photomask PM4 having an opening
window is provided in a position corresponding to the recess
101, and exposure processing is performed (FIG. 14()).
Then, photograph processing is performed to remove resist
that has not yet been cured. As a result, only the recess 101 is
exposed the outside (FIG. 14(c)). Then, lyophilic processing
is performed. Specifically, ultraviolet irradiation is performed
with use of high-pressure mercury or the like of 1000 mJ for
example, and fluorine component is removed from the surface
of the recess 101 (FIG. 14(d)). Then, the resist PR2 is
removed to complete the processing (FIG. 14(e)).

[0129] Note that the lyophilic processing to be performed
on the recess 101 is not limited to the above. Alternatively, the
lyophilic processing may be performed, by additionally per-
forming exposure processing with use of the photomask PM4
having a halftone window after the step shown in FIG. 13(e).

(Step of Forming Organic Light-Emitting Layer in
Application Step)

[0130] Next, an ink containing an organic light-emitting
material is applied with use of an inkjet device system (print-
ing device). FIG. 15 schematically shows an application step
(step of forming organic light-emitting layer). In FIG. 15, the
step proceeds from the left to the right.

[0131] Firstly, an ink is regulated by mixing an organic
material that is an organic light-emitting material with a sol-
vent at a predetermined ratio. This ink is supplied to an inkjet
head of the inkjet device shown in FIG. 15. An application
target substrate is placed on a stage of the inkjet device. The
inkjet head placed on an XY arm is scanned based on a wet
process by a known inkjet method. Then, the ink is applied
above the charge injection transport layer 7 on the element
formation regions (FIG. 15(a)). This application step is per-
formed on all the element formation regions above the appli-
cation target substrate in the same manner by refilling three
types of inks each having a different light-emitting color.
[0132] After completion of application of the inks of all the
light-emitting colors, a lift-up pin is operated to unload the
application target substrate from the stage of the inkjet device
(FIG. 15(b)).
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[0133] Next, the application target substrate is horizontally
conveyed inside a drying device by a robot arm or a roller, and
then the application target substrate is placed on a hot plate.
The inside of the chamber is set to nitrogen atmosphere or
vacuum atmosphere (reduced-pressure atmosphere) to dry
the ink (FIG. 15(c)). Then, the application target substrate is
horizontally conveyed to a baking device by the robot arm or
the roller. Baking processing is performed on the application
target substrate in the nitrogen atmosphere or vacuum atmo-
sphere (reduced-pressure atmosphere). This completes an
organic light-emitting layer 8.

[0134] Here, there is a possibility that while the application
target substrate to which the ink has been applied is conveyed
from the stage of the printing device to the drying device, the
applied ink overflows beyond a predetermined element for-
mation region due to vibration or acceleration resulting from
conveying the application target substrate. In order to solve
this problem, according to Embodiment 1, a recess 101 hav-
ing a sufficient depth (volume) is formed on the top of the
bank 10L as shown in FIG. 22. Accordingly, even if an ink 8X
overflows in the row direction (Y direction), the overflowed
ink 8X remains inside the recess 101 as an ink collection 9X,
and is appropriately held. Therefore, it is possible to prevent
color mixture of inks between element formation regions
each on which an ink of a different light-emitting color is
applied, thereby excellently forming an organic light-emit-
ting layer.

[0135] Also, the surface of the main part 103 is relatively
lyophobic compared with the recess 101. This prevents broad
adherence of the ink to the surface of the main part 103.
Therefore, the ink is appropriately held between each two
adjacent banks 10L. This leads to expectation of an effect of
preventing overflow of the ink beyond each element forma-
tion region.

(Step of Forming Second Electrode)

[0136] A film is formed on the surface of the organic light-
emitting layer 8 using a material such as ITO and IZO by a
vacuum deposition method. This completes a second elec-
trode.

(Other Steps)

[0137] A filmis formed on asurface ofthe second electrode
using a material such as SiN and SiON by the vacuum depo-
sition method. This results in a passivation layer.

[0138] After all of the above steps, all the organic EL ele-
ments 15R to 15B are formed. This completes an organic EL
display panel 100.

[0139] Next, another embodiments of the present invention
are described focusing on main characteristics of each of the
embodiments.

Embodiment 2

[0140] FIG. 5 is a partial cross-sectional view showing a
panel 100A relating to Embodiment 2, and corresponds to
FIG. 3 showing the panel 100. The panel 100A has charac-
teristics that a charge injection transport layer 7 is formed by
an organic material such as PEDOT (polyethylenediox-
ythiophene) as an applying-type charge injection transport
layer. In other words, in the step of forming functional layer,
the charge injection transport layer 7 of the panel 100A is
formed by applying an ink to the surface of the first electrode
6 between each two adjacent banks 10L and drying the
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applied ink. With this structure, the buried part 102 of the
bank 10L is provided so as to directly contact each of the side
surfaces of each of the adjacent first electrodes 6 and the inner
surface of the opening 41 of the planarizing film 4.

[0141] According to the panel 100A having the above
structure, it is possible to prevent color mixture of inks,
thereby excellently forming an organic light-emitting layer,
in substantially the same manner as the panel 100. Further-
more, it is possible to suppress uplift and detachment of the
first electrode 6 by forcing the bottom part of the main part
103, which is formed integrally with the buried part 102,
toward the substrate 1. Also, This leads to expectation of an
effect of preventing shortage between each two adjacent first
electrodes 6 in the row direction (Y direction) owing to for-
mation of the buried part 102.

Embodiment 3

[0142] FIG. 6A is a top view schematically showing the
structure of a panel 100B relating to Embodiment 3. In FIG.
6A, the recess degree of the bank 10L is adjusted such that a
peripheral region of the panel 100B indicated by the sign “B”
is higher inrecess degree of the bank 10L than a central region
of the panel 100B indicated by the sign “A”.

[0143] Inthe case where an ink is applied to an application
target substrate, there is a problem of lateral distribution that
color mixture of inks is likely to occur more often in the
peripheral region B than the central region A. This is because
of the following reason for example. When the application
target substrate is moved or conveyed after the ink is applied
to the panel, the angle relative to the horizontal direction is
comparatively likely to vary in the peripheral region B. As a
result, overflow of the ink in the peripheral region B is likely
to be induced.

[0144] The panel 100B is formed in consideration of this
problem. As shown in FIG. 6B, in the central region A, the
buried part 102 is adjusted to have a depth D1 and the recess
101 is adjusted to have a depth (recess degree) H1. Compared
with this, as shown in FIG. 6C, in the peripheral region B, the
buried part 102 is adjusted to have a depth D2 higher than the
depth D1 and a recess 101 is formed so as to have a sufficient
depth H2. As an example of setting numerical values, in the
case where the depth D1 is adjusted to 1000 nm, the depth H1
is adjusted to approximately 250 nm. Also, in the case where
the depth D2 is adjusted to 3000 nm, the depth H2 is adjusted
to approximately 750 nm. The adjustment of the depths H1,
H2, D1, and D2 is performed in the above step of forming
planarizing film, for example. Specifically, the adjustment is
performed by performing exposure processing with use of a
predetermined halftone mask (photomask PM1) in which
light transmissivity is adjusted such that an exposure amount
on the planarizing film material 4X differs between the cen-
tral region A and the peripheral region B.

[0145] Note that as shown in FIG. 6B and FIG. 6C, the
depths D1 and D2 of the buried part 102 are each actually
equivalent to the total of the depth of the opening 41 of the
planarizing film 4, the depth of the first electrode 6, and the
depth of the charge injection transport layer 7. However, since
the planarizing film 4 is in general sufficiently thicker than the
first electrode 6 and the charge injection transport layer 7, and
accordingly the conditions on film thickness of the planariz-
ing film 4 is considered to be important in adjustment of the
depth of the buried part 102.

[0146] Note that the pattern of the central region A provided
in the panel 100B is not limited to an elliptical pattern shown
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in the front view in FIG. 6A. Alternatively, other pattern may
be employed such as a rectangle pattern. Also, the minimum
widths L1 and R1 of the peripheral region B may be each
modified. For example, the minimum width L1 may be appro-
priately set to fall within a range of 10% to 20% of the length
of the panel 100B in the row direction (Y direction). Also, the
minimum width R1 may be appropriately set to fall within a
range of 10% to 20% of the length of the panel 100B in the
column direction (X direction).

[0147] With the above creativity, the panel 100B exhibits
the same effects as those in Embodiment 1. Furthermore,
eveninthe peripheral region B, in which color mixture of inks
is conventionally likely to occur, it is possible to appropriately
hold an ink overflowed beyond each element formation
region in the recess 101 having a sufficient depth H2. This
prevents the color mixture of inks having different light-
emitting colors more effectively.

Embodiment 4

[0148] FIG.7is apartial enlarged view showing the periph-
ery of elements of a panel 100C relating to Embodiment 4,
and corresponds to FIG. 2 showing the panel 100.

[0149] As shown in FIG. 7, in the bank 10L of the panel
100C, elongated recesses 101 are intermittently provided so
as to correspond one-to-one in position to element formation
regions. The recesses 101 are provided so as to one-to-one
correspond in position to luminescent regions of organic EL
elements 15R, 15G, and 15B, that is, regions in which no
pixel defining layer is provided. With the above creativity, in
the step of forming organic light-emitting layer, it is possible
to prevent color mixture of inks due to the overflow of an ink
in at least a position corresponding to a luminescent region
after application of the ink. Accordingly, the panel 100C
exhibits substantially the same effects as those in Embodi-
ment 1. That is, it is possible to prevent color mixture of inks
having different light-emitting colors mainly in luminescent
regions, thereby realizing the panel 100C having an excellent
image display capability. Note that the recesses 101 may be
small dots that are intermittently provided in the column
direction (X direction).

Embodiment 5

[0150] FIG. 8 is a partial enlarged view showing a panel
100D relating to Embodiment 5, and corresponds to FIG. 2
showing the panel 100.

[0151] The panel 100D has so-called the pixel bank struc-
ture in which bank parts 110X and 110Y are arranged in rows
and columns, respectively, so as to surround an element for-
mation region in a corresponding position. As a result, banks
10P having a lattice shape are formed. The bank part 110X
has substantially the same structure as the bank 10L of
Embodiment 1. The bank 110X part has a main part formed
ona buried part which is not illustrated. On the top of the main
part, a recess 101X formed by recessing a bank material
toward the buried part in the column direction (X direction).

[0152] The panel 100D having the above structure also
exhibits the same effects as those in Embodiment 1. Color
mixture of inks having different light-emitting colors is pre-
vented, thereby excellently forming the organic light-emit-
ting layer 8. This realizes the panel 100D having an excellent
image display capability.
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Embodiment 6

[0153] FIG. 9 is a partial enlarged view showing a panel
100E relating to Embodiment 6, and corresponds to FIG. 2
showing the panel 100. The panel 100E has basically the same
structure as that of the panel 100D relating to Embodiment 5.
Furthermore, on the top of a bank 110Y, a recess 101Y is
formed in the row direction (Y direction).

[0154] The panel 100E having the above structure also
exhibits the same effects as those exhibited by the panel
100D. Furthermore, it is possible to hold an overflowed ink
within the recess 101Y formed in the bank 110Y, thereby
preventing unnecessary overflow of an ink in the column
direction (X direction) to uniformly form an thick organic
light-emitting layer 8. The recess 101Y of the panel 100E is
formed by forming an opening in the planarizing film 4 and
recessing a bank material into the opening and the interval
between each two adjacent first electrodes 6 in the row direc-
tion (Y direction).

Embodiment 7

[0155] FIG.10is a partial cross-sectional view showing the
periphery of a contact hole of a panel 100F relating to
Embodiment 7, and corresponds to FIG. 3 showing the panel
100.

[0156] The panel 100F has substantially the same structure
of the panel 100E. The panel 100F has characteristics mainly
in that a main part 104 of a bank 110Y extending in the row
direction (Y direction)increases in width in the column direc-
tion (X direction) so as to overlap a contact hole 5. The panel
100F having this structure exhibits the same effects as those
exhibited by the panel 100E. Furthermore, owing to the bank
110Y having a wide width, it is possible to effectively sup-
press overflow of an ink applied to each element formation
region into other element formation region adjacent in the
column direction (X direction). This is advantageous for
forming an organic light-emitting layer 8 having a uniform
thickness. Furthermore, patterning is performed on the bank
110Y together with the periphery of the contact hole 5. This
leads to an advantage of patterning on the bank with relative
ease in the step of forming bank, thereby efficiently manu-
facturing the panel 100F.

<Depth of Recess>

[0157] The following describes the relation between the
depth (recess depth) of an opening formed in a planarizing
film and the depth of a recess of a bank formed by the opening.
[0158] FIG. 16 is a graph showing the relation between the
depth (recess depth) of the opening formed in the planarizing
film and the depth of the recess of the bank. FIG. 17 to FIG. 19
show results of measurement on the cross-section of the bank
during variation of a recess of the opening of the planarizing
film. The recess depth of the opening is adjusted by varying
the exposure value with use of a known halftone mask after
uniform formation of the planarizing film.

[0159] As shown in FIG. 16, the depth of the recess of the
main part is substantially linearly proportional to the recess
depth of the opening formed in the planarizing film. In the
case where the depth of the opening is equal to or smaller than
the thickness of the planarizing film, it is possible to adjust the
depth of the recess in proportion to the depth of the opening.
It is necessary to pay attention that the recess depth of the
opening is not completely proportional to the depth of the
recess of the main part (slope of the line shown in FIG. 16). It
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is considered that there occurs variation in the relation
between the recess depth of the opening and the recess of the
main part depending on the type of resist material of a bank
and the properties such as viscosity and hardness of the resist
material.

[0160] The following explains results of data measurement
shown in FIG. 16, as an example. In this measurement experi-
ment, the opening and the recess were set to have the depth D
and the depth H, respectively, as shown in FIG. 6B and FIG.
6C. In the case where the depth D of the opening is 0 nm, the
main part has no recess (FIG. 17). Compared with this, in the
case where the depth of the opening was set to 240 nm, a
recess having a depth H of approximately 100 nm was formed
in the main part (FIG. 17). Furthermore, in the case where the
depth D of the opening was set to have substantially the same
thickness as that of the planarizing film, namely, 4000 nm, the
depth H of the recess is substantially equal to the height of the
main part, namely, 1000 nm. According to the above results,
it is possible to precisely set the depth of the recess in accor-
dance with a target value, by checking beforehand the depth
of'the recess of the main part varying depending on the depth
D of the opening formed in the planarizing film. FIG. 19
shows results of measurement on the cross-section of the
bank with use of the peripheral structure of the contact hole
instead of the opening. It is considered that the same effects
are exhibited.

[0161] The results of the experiment performed by the
present inventors revealed that variation of the depth D of the
opening within the range of 100 nm to 4000 nm enables
adjustment of the depth H of the recess within the range of 25
nm to 1000 nm.

<Others>

[0162] The organic light-emitting layer 8 is exemplified as
an applying-type one formed by applying an ink and drying
the applied ink. Alternatively, the organic light-emitting layer
8 may be formed by other method. For example, so-called a
vacuum process may be employed with use of the vacuum
deposition method, the sputtering method, an electron beam
method, or the like. In this case, the effects of preventing color
mixture of inks cannot be exhibited. Instead, since the bank
10L is composed of the buried part 102 buried in the opening
41 and the main part 103, it is possible to exhibit effects of
forcing the first electrode 6, the charge injection transport
layer 7, and so on toward the substrate 1 under the main part
103, thereby appropriately preventing detachment and uplift
of the first electrode 6, the charge injection transport layer 7,
and so on. Furthermore, it is possible to exhibit an effect of
certainly preventing shortage between each two adjacent first
electrodes 6 owing to the buried part 103.

[0163] Note that the “row” direction and the “column”
direction relating to the present invention are just exemplary
directions that two perpendicular directions along the surface
ofan organic EL display panel. Accordingly, the “row” direc-
tion and the “column” direction used in the Description have
no rigorous meaning, and these directions may be replaced
with each other.

INDUSTRIAL APPLICABILITY

[0164] The present invention is utilizable as display ele-
ments for displays of mobiles phones, TVs, and the like,
organic EL elements for various types of light sources, an
organic EL display panel with use of the organic EL elements,
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and a method of manufacturing the organic EL display panel.
It is possible to expect that, in either of the above applications,
the organic EL elements and the organic EL display panel
exhibit excellent luminescence properties or image display
capability with less uneven display.

REFERENCE SIGNS LIST
[0165] PR1 and PR2 photoresist
[0166] PM1 to PM4 photomask
[0167] 1 substrate
[0168] 2 TFT wiring part (thin film transistor layer)
[0169] 3 feed electrode
[0170] 4 planarizing film (interlayer insulating layer)
[0171] 4X planarizing film material
[0172] 5 contact hole
[0173] 9 first electrode (anode)
[0174] 6X metal film
[0175] 7 charge injection transport layer (HIL)
[0176] 8 organic light-emitting layer
[0177] 9 second electrode (cathode)
[0178] 10L bank (line bank)
[0179] 10P bank (pixel bank)
[0180] 10X resist material
[0181] 11 pixel defining layer (PCL)
[0182] 15,15R, 15G, and 15B organic EL element (sub-
pixel)
[0183] 100 and 100A to 100F organic EL display panel
[0184] 101,101X, and 101Y recess
[0185] 102 and 105 buried part
[0186] 103 and 104 main part
[0187] 110X and 110Y bank part
[0188] 200 display device

1. An organic EL display panel comprising:

a substrate;

an interlayer insulating layer that is provided on the sub-
strate;

first electrodes that are provided on the interlayer insulat-
ing layer so as to correspond one-to-one to element
formation regions arranged in rows and columns above
the substrate;

banks that are provided extending in columns to partition
the element formation regions arranged in rows;

organic light-emitting layers that are provided above the
first electrodes in one-to-one correspondence, and each
contain an organic light-emitting material having a light-
emitting color differing between each two adjacent ele-
ment formation regions arranged in rows; and

second electrodes that are provided above the organic
light-emitting layers in one-to-one correspondence, and
are opposite in polarity to the first electrodes, wherein

the interlayer insulating layer has a first opening that cor-
responds in position to an interval between each two
adjacent first electrodes in rows,

the banks each have a buried part and a main part that are
integrally formed, the buried part fills the interval and
the first opening, and the main part is a protrusion of the
buried part, and

the main part has, on a top thereof; a first recess along with
respective shapes of the interval and the first opening.

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

the organic light-emitting layers each result from applying
ink containing the organic light-emitting material to one
of the element formation regions, and drying the applied
ink.
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3. The organic EL display panel of claim 1, wherein

the banks are arranged in parallel rows at predetermined
intervals.

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

the first recesses are formed in columns.

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

prising

banks that are provided extending in rows to partition the
element formation regions arranged in columns.

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

the interlayer insulating layer has further provided therein
a second opening that corresponds in position to an
interval between each two adjacent first electrodes in
columns,

the banks extending in rows each have a buried part and a
main part that are integrally formed, the buried part fills
the interval in columns and the second opening, and the
main part is a protrusion of the buried part, and

the main part has, on a top thereof, a second recess along
with the respective shapes of the interval in columns and
the second opening.

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

the first recess has higher lyophilicity than a surface of the
main part.

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

the second recess has higher lyophilicity than a surface of
the main part.

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

prising

one or more functional layers that are provided between the
first electrodes and the organic light-emitting layers,
wherein

the functional layers each include a charge injection trans-
port layer for injecting or transporting charge, and

the charge injection transport layer directly contacts the
first electrodes and covers the interval between each two
adjacent first electrodes in rows and an inner periphery
of each of the first openings.

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

prising

one or more functional layers that are provided between the
first electrodes and the organic light-emitting layers,
wherein

the functional layers each include a charge injection trans-
port layer for injecting or transporting charge, and

the banks each contact the interval between each two adja-
cent first electrodes in rows and an inner periphery of
each of the first openings.

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

the first recess has a depth equivalent to 10% to 100% of a
length from an upper surface of the interlayer insulating
layer to the top of the main part.

12. A method of manufacturing an organic EL display

panel, comprising:

an interlayer insulating layer forming step of forming an
interlayer insulating layer on a substrate;

a first electrode forming step of forming first electrodes on
the interlayer insulating layer so as to correspond one-
to-one to element formation regions arranged in rows
and columns above the substrate;

a bank forming step of forming banks so as to extend in
columns to partition the element formation regions
arranged in rows;
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an organic light-emitting layer forming step of forming
organic light-emitting layers above the first electrodes in
one-to-one correspondence, by applying inks that each
contain an organic light-emitting materials and drying
the applied inks; and

a second electrode forming step of forming second elec-
trodes above the organic light-emitting layers in one-to-
one correspondence so as to be opposite in polarity to the
first electrodes, wherein

in the interlayer insulating layer forming step, the inter-
layer insulating layer is formed by a photoresist method
so as to have provided therein a first opening that corre-
sponds in position to an interval between each two adja-
cent first electrodes in rows,

in the organic light-emitting layer forming step, the organic
light-emitting layers are formed so as to each contain an
organic light-emitting material having a light-emitting
color differing between each two adjacent element for-
mation regions arranged in rows, and

in the bank forming step, the banks are each formed by
filling a buried part in the interval and the first opening
and forming a main part integrally with the buried part,
and a first recess is formed by recessing a top of the main
part along with respective shapes of the interval and the
first opening.

13. The method of manufacturing the organic EL display

panel of claim 12, wherein

after the bank forming step is performed, lyophilic process-
ing is performed on the first recess so as to have a higher
lyophilicity than a surface of the main part.

14. The method of manufacturing the organic EL display

panel of claim 13, wherein

the lyophilic processing is performed by performing half-
tone exposure processing or ultraviolet irradiation pro-
cessing.

15. The method of manufacturing the organic EL display

panel of claim 12, further comprising

between the first electrode forming step and the bank form-
ing step, a functional layer forming step of forming one
or more functional layers over each of the first elec-
trodes, wherein

in the functional layer forming step, a charge injection
transport layer is provided as each of the functional
layers so as to directly contact the first electrodes and
cover the interval between each two adjacent first elec-
trodes in rows and an inner periphery of each of the first
openings.

16. A method of manufacturing an organic EL display

panel, comprising:

an interlayer insulating layer forming step of forming an
interlayer insulating layer on a substrate;

a first electrode forming step of forming first electrodes on
the interlayer insulating layer so as to correspond one-
to-one to element formation regions arranged in rows
and columns above the substrate;

a bank forming step of forming banks so as to extend in
columns to partition the element formation regions
arranged in rows;

an organic light-emitting layer forming step of forming
organic light-emitting layers above the first electrodes in
one-to-one correspondence, by applying inks that each
contain an organic light-emitting material and drying the
applied inks; and
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a second electrode forming step of forming second elec-
trodes above the organic light-emitting layers in one-to-
one correspondence so as to be opposite in polarity to the
first electrodes, wherein

in the first electrode forming step, a metal film is formed so
asto face the interlayer insulating layer, etching process-
ing is performed on the metal film to pattern the first
electrodes and cut part of the interlayer insulating layer
corresponding in position to an interval between each
two adjacent electrodes in rows to form a first opening,

in the organic light-emitting layer forming step, the organic
light-emitting layers are formed so as to each contain an
organic light-emitting material having a light-emitting
color differing between each two adjacent element for-
mation regions arranged in rows, and

in the bank forming step, the banks are each formed by
filling a buried part in the interval and the first opening
and forming a main part integrally with the buried part,
and a first recess is formed by recessing a top of the main
part along with respective shapes of the interval and the
first opening.

17. The method of manufacturing the organic EL display

panel of claim 16, wherein
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after the bank forming step is performed, lyophilic process-
ing is performed on the first recess so as to have a higher
lyophilicity than a surface of the main part.

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

the lyophilic processing is performed by performing half-
tone exposure processing or ultraviolet irradiation pro-
cessing.

19. The method of manufacturing the organic EL display
panel of claim 16, further comprising

between the first electrode forming step and the bank form-
ing step, a functional layer forming step of forming one
or more functional layers so as to face each of the first
electrodes, wherein

in the functional layer forming step, a charge injection
transport layer is provided as each of the functional
layers so as to directly contact the first electrodes and
cover the interval between each two adjacent first elec-
trodes in rows and an inner periphery of each of the first
openings.
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