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(57) ABSTRACT

Provided is an organic EL display panel offering improved
luminance without increasing the current density of current
flowing through organic light-emitting layers, comprising:
substrate; TFT layer formed on substrate; planarizing film
formed above TFT layer and having contact holes; lower
electrodes arranged above planarizing film in a matrix in
one-to-one correspondence with pixel units, and brought into
conduction with TFT layer via contact holes; grid-shaped
bank formed above planarizing film and defining openings
corresponding one-to-one to lower electrodes; organic light-
emitting layers formed in openings; and upper electrode
formed above light-emitting layers. Each contact hole is posi-
tioned between a pair of openings adjacent in the column
direction. At least one of opposing sides of any pair of open-
ings adjacent in the column direction is reduced in width in
the row direction and extends in the column direction so as to
be adjacent in the row direction to the corresponding contact
hole.

‘ N N\
) 300 N N ' o | II

LHII SIS,
TR 11!

........ iz | s -1
i g’

N . II 6

™4

/////M J\///ff

816 35

Y



Patent Application Publication = May 31, 2012 Sheet 1 of 14 US 2012/0135556 Al

FIG. 1

1 30 1 e o o i | N I :l‘/}l IIIII R 000 0 N O 0 A g i II\I;IA /_12
LTI .'I’) | lll AT L o ZARR T 4<}(1)
] I_I \9

I T TN A
J)As /)L

3

Y



Patent Application Publication = May 31, 2012 Sheet 2 of 14 US 2012/0135556 Al

FlG. 2

21a 17a




Patent Application Publication = May 31, 2012 Sheet 3 of 14

F1G. 3A ;

US 2012/0135556 A1

S B
S S

F16. 3B M :

AL ﬁ

////////////

FIG. 3

ANNMNNANNNANNN

A I’IIII/A ~‘/I
///////////

FIG. 3E

301

AN NN NN RN E NS

668&666

843 d—~19

ol S .
////////////z

]



Patent Application Publication = May 31, 2012 Sheet 4 of 14 US 2012/0135556 Al

1P, IIIesiyy, Pt
TS T 7

F1G. 4B

6 &6 & & & & 4 & & b—us
17

8 17 8 17
__&___\ W A N r_J;
(I - L Iy L b L T
\\\\\\\\\\\“ TR AMUMAARLLARARLRALRRNNY _ ANNAENRNRNEIAN
\ .'

A\‘"

//////////

AAAIAAIA/AIAIAAAIY,

IIIIIlIlIIIIIIIIIIIII

F1G. 4D /14
%
llllllllll I\lll \ \\ I‘\II‘I\—.\ \eé}g

RLLINe, Ny
///////////




Patent Application Publication

FIG. 5

May 31, 2012 Sheet S of 14

201B

US 201

2/0135556 Al



Patent Application Publication = May 31, 2012 Sheet 6 of 14 US 2012/0135556 Al

Direction of
movement of head



US 2012/0135556 A1

May 31, 2012 Sheet 7 of 14

Patent Application Publication

FI1G. 7

Direction
of movement
of head




Patent Application Publication = May 31, 2012 Sheet 8 of 14 US 2012/0135556 Al

FI1G. 8

21b
17b




Patent Application Publication = May 31, 2012 Sheet 9 of 14 US 2012/0135556 Al

Direction of
movement of head




Patent Application Publication = May 31, 2012 Sheet 10 of 14 US 2012/0135556 Al




Patent Application Publication = May 31, 2012 Sheet 11 of 14 US 2012/0135556 Al

FIG. 11
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METHODS FOR MANUFACTURING
ORGANIC EL DISPLAY PANEL AND
ORGANIC EL DISPLAY DEVICE

[0001] This is a continuation of International Application
PCT/JP2010/004602, with an international filing date of Jul.
15, 2010.

TECHNICAL FIELD

[0002] The present invention relates to an organic EL dis-
play panel and an organic EL display device that include
organic EL elements, and to manufacturing methods therefor.
In particular, the present invention relates to technology for
improving the luminance of emitted light.

BACKGROUND ART

[0003] Inrecentyears, research and development have been
carried out on organic EL display panels in which organic EL
elements are mounted on a substrate. These organic EL dis-
play panels are used as display devices. As an organic EL
display panel uses organic EL elements that each emit light,
the light from the organic EL display panel is highly visible.
Furthermore, each organic EL element is a complete solid
state device and thus has excellent impact resistance. Due to
the above features, organic EL display panels are starting to
spread as displays for small electronic devices (e.g., mobile
phones) and televisions in recent years.

[0004] An organic EL element is a current-driven light-
emitting element, and is normally configured by layering an
organic light-emitting layer, a hole injection layer, a hole
transport layer, an electron transport layer, an electron injec-
tion layer, and the like between a pair of electrodes, i.e., an
anode and a cathode. Here, the organic light-emitting layer
brings about the phenomenon of electroluminescence due to
recombination of carriers.

[0005] FIG.12isa partial cross-sectional view showing the
structure of a conventional organic EL display panel 500. The
upper side of the organic EL display panel 500 in FIG.12is a
display screen. In other words, the organic EL display panel
500 is of a top-emission type. FIG. 13 schematically shows
the shape of a bank 57 as viewed perpendicular to the display
screen of the organic EL display panel 500. For convenience,
organic light-emitting layers 58 and an upper electrode 59 are
omitted from FIG. 13. Note that the partial cross-sectional
view of FIG. 12 is taken along C-C' in FIG. 13.

[0006] As shown in FIG. 12, a TFT layer 52, power supply
electrodes 53, a planarizing film 54, and lower electrodes
(anodes) 56 are layered in the stated order on a substrate 51.
The planarizing film 54 has contact holes 55 via which the
TFT layer 52 and the lower electrodes 56 are brought into
conduction. A bank 57 is formed above the lower electrodes
56. The bank 57 is a grid defining openings 60 in which the
organic light-emitting layers are to be formed in one-to-one
correspondence. Once the organic light-emitting layers 58 are
formed in the openings 60 in one-to-one correspondence, the
upper electrode (cathode) 59 is layered so as to cover the
organic light-emitting layers 58.

[0007] As shown in FIG. 13, each opening 60 has a sub-
stantially rectangular shape whose lengthwise direction
extends along a column (Y) direction. The plurality of open-
ings 60 are arranged in a matrix. Each contact hole 55 is
located between a corresponding pair of openings 60 adjacent
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in the column direction. The contact holes 55 are covered by
the bank 57. If the contact holes 55 are not covered by the
bank 57, the organic light-emitting layers 58 would not be flat
because of the presence of the contact holes 55; this could
cause unevenness in light emission and the like. To prevent
this problem, the bank 57 is formed so as to cover the contact
holes 55 as shown in FIGS. 12 and 13.

CITATION LIST

[0008] [Patent Literature]

[0009] [Patent Literature 1]

[0010] JP Patent Application Publication No. 2007-207962
[0011] [Patent Literature 2]

[0012] JP Patent Application Publication No. 2005-322656

SUMMARY OF INVENTION
Technical Problems
[0013] Inrecent years, there has been a demand for further

improvement in the luminance of organic EL display panels.
As the luminance of organic EL elements increases in accor-
dance with the current density of current flowing through the
organic light-emitting layers, the luminance of organic EL
display panels can be improved by increasing the current
density of current flowing through the organic light-emitting
layers. However, increasing the current density of current
flowing through the organic light-emitting layers gives rise to
several problems (e.g., deterioration of various layers includ-
ing the organic light-emitting layers). Therefore, there is a
limit to increasing the current density of current flowing
through the organic light-emitting layers.

[0014] Provided is an organic EL display panel that offers
high luminance without increasing the current density of
current flowing through the organic light-emitting layers.

Solution to Problems

[0015] One embodiment provides an organic EL display
panel comprising: a substrate; a TFT layer formed on the
substrate; a planarizing film formed above the TFT layer and
provided with contact holes; a plurality of lower electrodes
arranged above the planarizing film in a matrix in such a
manner that the TFT layer and the lower electrodes are
brought into conduction via the contact holes, the lower elec-
trodes corresponding one-to-one to pixel units; a bank formed
above the planarizing film and being a grid defining a plural-
ity of openings corresponding one-to-one to the lower elec-
trodes; organic light-emitting layers formed in the openings
in one-to-one correspondence; and an upper electrode formed
above the organic light-emitting layers. Each contact hole is
positioned between a corresponding pair of the openings
adjacent in the column direction. At least one of opposing
sides of any pair of the openings adjacent in the column
direction includes a reduced-width area that (i) is reduced in
width and (ii) extends in the column direction toward an area
adjacent in the row direction to a corresponding one of the
contact holes.

Advantageous Effects of Invention

[0016] According to the organic EL display panel pertain-
ing to the above embodiment, at least one of opposing sides of
any pair of the openings adjacent in the column direction
includes a reduced-width area that (i) is reduced in width and
(i1) extends in the column direction toward an area adjacent in
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the row direction to a corresponding one of the contact holes.
On the other hand, in the conventional structure, sides of the
openings do not include the reduced-width areas that extend
in the column direction. The above embodiment can enlarge
the area of each opening, namely the area of light emission, by
providing the reduced-width area to each opening. With the
enlarged area of light emission, the luminance of emitted light
can be improved without changing the current density of
current flowing through the organic light-emitting layers.
Therefore, the organic EL display panel of the above embodi-
ment offers high luminance without increasing the current
density of current flowing through the organic light-emitting
layers.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 s a partial cross-sectional view showing the
structure of an organic EL display panel pertaining to
Embodiment 1.

[0018] FIG. 2 is a schematic diagram showing the shape of
a bank of an organic EL display panel pertaining to Embodi-
ment 1.

[0019] FIGS. 3A to 3E show an example of a manufactur-
ing process for the organic EL. display panel pertaining to
Embodiment 1.

[0020] FIGS. 4A to 4D show an example of a manufactur-
ing process for the organic EL. display panel pertaining to
Embodiment 1.

[0021] FIG. 5 shows a main structure of an inkjet device
system.

[0022] FIG. 6 shows a positional relation between an appli-
cation target substrate and a head unit pertaining to Embodi-
ment 1 (upon horizontal ink ejection).

[0023] FIG. 7 shows a positional relation between an appli-
cation target substrate and a head unit pertaining to Embodi-
ment 1 (upon vertical ink ejection).

[0024] FIG. 8is a schematic diagram showing the shape of
a bank of an organic EL display panel pertaining to Embodi-
ment 2.

[0025] FIG. 9 shows a positional relation between an appli-
cation target substrate and a head unit pertaining to Embodi-
ment 2 (upon horizontal ink ejection).

[0026] FIGS. 10A to 10C are schematic diagrams showing
the shapes of banks of organic EL display panels pertaining to
modification examples.

[0027] FIG. 11 is an external perspective view of a display
device.

[0028] FIG.12isa partial cross-sectional view showing the
structure of a conventional organic EL display panel.

[0029] FIG.13 is aschematic diagram showing the shape of
a bank of a conventional organic EL display panel.

[0030] FIG. 14 shows a positional relation between an
application target substrate and a head unit during a manu-
facturing process for a conventional organic EL display
panel.

DESCRIPTION OF EMBODIMENTS
Aspects of Invention

[0031] Other embodiment provides a method of manufac-
turing an organic EL display panel, comprising the steps of:
preparing a substrate; forming a TFT layer on the substrate;
forming a planarizing film above the TFT layer; providing a
plurality of contact holes in the planarizing film such that the
contact holes penetrate the planarizing film; arranging a plu-

May 31, 2012

rality of lower electrodes in a matrix above the planarizing
film in such a manner that the TFT layer and the lower
electrodes are brought into conduction via the contact holes,
the lower electrodes corresponding one-to-one to pixel units;
forming, above the planarizing film, a bank being a grid
defining a plurality of openings corresponding one-to-one to
the lower electrodes; forming organic light-emitting layers in
the openings in one-to-one correspondence; and forming an
upper electrode above the organic light-emitting layers. Here,
the bank is formed such that each contact hole is positioned
between a corresponding pair of the openings adjacent in a
column direction, and such that at least one of opposing sides
of any pair of the openings adjacent in the column direction
includes a reduced-width area that (i) is reduced in width in a
row direction and (ii) extends in the column direction so as to
be adjacent in the row direction to a corresponding one of the
contactholes. The organic light-emitting layers are formed by
(i) causing a plurality of nozzles provided in an inkjet head to
eject drops of ink into each opening, the ink containing one or
more solvents and one or more organic materials to constitute
the organic light-emitting layers, and (ii) drying the one or
more solvents by evaporation. In the step of forming the
organic light-emitting layers, (i) the inkjet head is positioned
so that the nozzles are aligned in the column direction, (ii)
while the inkjet head is being moved in the row direction,
every one of the nozzles is set to eject the drops of ink by (a)
causing predetermined nozzles that pass over the contact
holes to eject the drops of ink into the reduced-width area of
each opening, the predetermined nozzles being included
among the nozzles, and (b) causing the rest of the nozzles
other than the predetermined nozzles to eject the drops of ink
into an area of each opening excluding the reduced-width area
thereof, and (iii) as to any pair of the openings adjacent in the
column direction, a column-direction gap between opposing
edges of the reduced-width area of one opening and the other
opening is smaller than a column-direction gap between any
pair of the nozzles adjacent in the column direction.

[0032] According to the method of manufacturing an
organic EL display panel of the above embodiment, the
organic light-emitting layers are formed in an application
process using an inkjet method. In this way, the material of the
organic light-emitting layers can be efficiently used, and the
manufacturing cost can be reduced. In addition, the inkjet
method is advantageous in enabling application to large-sized
organic EL display panels and fine patterning.

[0033] Furthermore, the area of each opening is further
enlarged by making the reduced-width area of each opening
extend in the column direction so as to be adjacent in the row
direction to the corresponding contact hole.

[0034] Inthe case wherethe ink is applied in the application
process by moving the inkjet head in the row direction, a
conventional layout of openings is such that the nozzles that
pass over the contact holes are set not to eject the drops of ink.
As the drops of ink for the organic light-emitting layers have
high viscosity, there is a possibility that these nozzles that are
set not to eject the drops of ink be clogged. On the other hand,
according to the above embodiment, the predetermined
nozzles that pass over the contact holes eject the drops of ink
for the organic light-emitting layers into the reduced-width
area of each opening. As every nozzle ejects the drops of ink,
clogging ofthe nozzles can be prevented in the above embodi-
ment.

[0035] Furthermore, according to the above embodiment,
while the inkjet head is moving in the row direction, the
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predetermined nozzles that pass over the contact holes eject
the drops of ink into the reduced-width area of each opening.
Furthermore, the remaining nozzles other than the predeter-
mined nozzles eject the drops of ink into an area of each
opening excluding the reduced-width area thereof. With the
above structure, by moving the inkjet head across the panel in
the row direction, every nozzle ejects the drops of ink into
each opening including the reduced-width area. This can
prevent clogging of the nozzles in an effective manner.

[0036] If one or more nozzles become unusable due to
clogging, the total amount of ink drops ejected into each
opening is maintained by causing, out of all the nozzles used
to eject the ink drops into the openings, nozzles other than the
unusable nozzles to eject a larger amount of ink drops. Here,
when at least one of opposing sides of any pair of the openings
adjacent in the column direction includes the reduced-width
area, the predetermined nozzles that pass over the contact
holes eject the ink drops into the reduced-width area of each
opening. This way, the number of nozzles used to eject the ink
drops into each opening can be increased as compared to the
conventional structure. Furthermore, in a case where both of
opposing sides of any pair of the openings adjacent in the
column direction include the reduced-width areas that are
partially adjacent in the row direction to each other, the pre-
determined nozzles that pass over these reduced-width areas
can eject the ink drops into both of the pair of the openings
adjacent in the column direction. Therefore, as compared to a
case where the opposing ends of any pair of the openings
adjacent in the column direction do not include the reduced-
width areas that are adjacent in the row direction to each other,
the above embodiment can further increase the number of
nozzles used to eject the ink drops into each opening. When
there are one or more unusable nozzles, increasing the num-
ber of nozzles used to eject the ink drops into each opening
makes it possible to suppress the increase in the amount of ink
drops ejected from each of the nozzles other than the unusable
nozzles. This way, the total amount of ink drops ejected into
each opening can be easily maintained.

[0037] An organic EL display panel of one embodiment
comprises: a substrate; a TFT layer formed on the substrate: a
planarizing film formed above the TFT layer and having a
plurality of contact holes; a plurality of lower electrodes
arranged above the planarizing film in a matrix in such a
manner that the lower electrodes and the TFT layer are
brought into conduction via the contact holes, the lower elec-
trodes corresponding one-to-one to pixel units; a bank formed
above the planarizing film, the bank being a grid defining a
plurality of openings corresponding one-to-one to the lower
electrodes; a plurality of organic light-emitting layers formed
in the openings in one-to-one correspondence; and an upper
electrode formed above the organic light-emitting layers.
Here, each contact hole is positioned between a correspond-
ing pair of the openings adjacent in the column direction. At
least one of opposing sides of any pair of the openings adja-
cent in the column direction includes a reduced-width area
that (i) is reduced in width in the row direction and (ii) extends
in the column direction toward an area adjacent in the row
direction to a corresponding one of the contact holes.

[0038] According to the above embodiment, at least one of
opposing sides of any pair of the openings adjacent in the
column direction includes a reduced-width area that (i) is
reduced in width in the row direction and (ii) extends in the
column direction toward an area adjacent in the row direction
to a corresponding one of the contact holes. In contrast,
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according to the conventional structure, sides of the openings
do not extend in the column direction. With the above
embodiment, at least one side of each opening extends in the
column direction, and accordingly, the area of each opening,
i.e., the area of light emission, can be enlarged. This can
improve the luminance of emitted light without changing the
current density of current flowing through the organic light-
emitting layers.

[0039] In one embodiment, both of opposing sides of any
pair of the openings adjacent in the column direction may
include the reduced-width area. As to opposing sides of any
pair of the openings adjacent in the column direction, the
reduced-width area of one side may extend in the column
direction past the corresponding contact hole so as to be
adjacent in the row direction to the reduced-width area of the
other side.

[0040] Theabove structure can also enlarge the area of each
opening as compared to the conventional structure.

[0041] Furthermore, in one embodiment, at least one of
opposing sides of any pair of the openings adjacent in the
column direction may include the reduced-width area that
extends in the column direction so as to at least be adjacent in
the row direction to the corresponding contact hole.

[0042] The area of each opening can be further enlarged
with the above structure, in which at least one of opposing
sides of any pair of the openings adjacent in the column
direction includes the reduced-width area that extends in the
column direction so as to at least be adjacent in the row
direction to the corresponding contact hole.

[0043] In one embodiment, (i) each contact hole may be
distanced in the row direction from a virtual line passing
through the centers of the corresponding column of the open-
ings, and (ii) at least one of opposing sides of any pair of the
openings adjacent in the column direction may include the
reduced-width area that extends in the column direction
toward an area opposite from the corresponding contact hole
with respect to the virtual line.

[0044] The area of each opening can be enlarged also with
the above structure, in which (i) each contact hole is in the row
direction from a virtual line passing through the centers ofthe
corresponding column of the openings, and (ii) at least one of
opposing sides of any pair of the openings adjacent in the
column direction includes the reduced-width area that
extends in the column direction toward an area opposite from
the corresponding contact hole with respect to the virtual line.

[0045] In one embodiment, (i) each contact hole may be
positioned on a virtual line passing through the centers of the
corresponding column of the openings, and (ii) at least one of
opposing sides of any pair of the openings adjacent in the
column direction may include the reduced-width area that
extends in the column direction toward an area adjacent in the
row direction to the corresponding contact hole.

[0046] The area of each opening can be enlarged also with
the above structure, in which (i) each contact hole is posi-
tioned on a virtual line passing through the centers of the
corresponding column of the openings, and (ii) at least one of
opposing sides of any pair of the openings adjacent in the
column direction includes the reduced-width area that
extends in the column direction toward an area adjacent in the
row direction to the corresponding contact hole.

[0047] In one embodiment, hole injection layers may be
provided between the lower electrodes and the organic light-
emitting layers.
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[0048] By thus providing the hole injection layers, injection
of holes from the lower electrodes to the organic light-emit-
ting layers is facilitated. This results in further improvement
in the luminance.

[0049] Inone embodiment, an electron injection layer may
be provided between the organic light-emitting layers and the
upper electrode.

[0050] By thus providing the electron injection layer, injec-
tion of electrons from the upper electrode to the organic
light-emitting layers is facilitated. This results in further
improvement in the luminance.

[0051] In one embodiment, a plurality of concavities may
be provided in portions of the bank as a result of the portions
sinking into the contact holes.

[0052] Normally, in the process of forming the bank, con-
cavities are formed in portions of the bank as a result of the
portions sinking into the contact holes. With the above
embodiment, even if such concavities exist, the area of each
opening can be enlarged regardless of such concavities.
Accordingly, there is no need to separately perform an addi-
tional process for forming the concavities.

[0053] Furthermore, an organic EL display device of one
embodiment comprises an organic EL display panel having
the above-described structure. This way, the organic EL dis-
play device of one embodiment can achieve the advantageous
effects that are achieved by the organic EL display panel
having the above-described structure.

[0054] One embodiment is a method comprising the steps
of: preparing a substrate; forming a TFT layer on the sub-
strate; forming a planarizing film above the TFT layer; form-
ing a plurality of contact holes in the planarizing film; form-
ing a plurality of lower electrodes above the planarizing film
in a matrix in such a manner that the TFT layer and the lower
electrodes are brought into conduction via the contact holes,
the lower electrodes corresponding one-to-one to pixel units;
forming, above the planarizing film, a bank being a grid
defining a plurality of openings corresponding one-to-one to
the lower electrodes; forming a plurality of organic light-
emitting layers in the openings in one-to-one correspon-
dence; and forming an upper electrode above the organic
light-emitting layers. Here, the bank may be formed such that
each contact hole is positioned between a corresponding pair
of the openings adjacent in a column direction, and such that
at least one of opposing sides of any pair of the openings
adjacent in the column direction includes a reduced-width
area that (i) is reduced in width in the row direction and (ii)
extends in the column direction toward an area adjacent in the
row direction to a corresponding one of the contact holes.
[0055] According to the above embodiment, at least one of
opposing sides of any pair of the openings adjacent in the
column direction includes a reduced-width area that (i) is
reduced in width in the row direction and (ii) extends in the
column direction toward an area adjacent in the row direction
to a corresponding one of the contact holes. In contrast,
according to the conventional structure, sides of the openings
do not extend in the column direction. With the above
embodiment, at least one side of each opening extends in the
column direction, and accordingly, the area of each opening,
i.e., the area of light emission, can be enlarged. This can
improve the luminance of emitted light without changing the
current density of current flowing through the organic light-
emitting layers.

[0056] Inoneembodiment, the bank may be formedin such
a manner that (i) both of opposing sides of any pair of the
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openings adjacent in the column direction include the
reduced-width area, and (ii) as to opposing sides of any pair of
the openings adjacent in the column direction, the reduced-
width area of one side extends in the column direction past the
corresponding contact hole so as to be adjacent in the row
direction to the reduced-width area of the other side.

[0057] Theabove structure can also enlarge the area of each
opening as compared to the conventional structure.

[0058] In one embodiment, the organic light-emitting lay-
ers may be formed by (i) causing a plurality of nozzles pro-
vided in an inkjet head to eject drops of ink into each opening,
the ink containing an organic material to constitute the
organic light-emitting layers and solvent, and (ii) drying the
solvent by evaporation.

[0059] By forming the organic light-emitting layers in an
application step using an inkjet method, the material of the
organic light-emitting layers can be efficiently used, and the
manufacturing cost can be reduced. In addition, the inkjet
method is advantageous in enabling application to large-sized
organic EL display panels and fine patterning.

[0060] Inoneembodiment, atleastone of opposing sides of
any pair of the openings adjacent in the column direction may
include the reduced-width area that extends in the column
direction so as to at least be adjacent in the row direction to the
corresponding contact hole.

[0061] The area of each opening can be further enlarged
with the above structure, in which at least one of opposing
sides of any pair of the openings adjacent in the column
direction includes the reduced-width area that extends in the
column direction so as to at least be adjacent in the row
direction to the corresponding contact hole.

[0062] In one embodiment, in the step of forming the
organic light-emitting layers, (i) the inkjet head may be posi-
tioned so that the nozzles are aligned along the column direc-
tion, and (ii) while the inkjet head is moving in the row
direction, the drops of ink may be ejected into the reduced-
width area of each opening from, out of the nozzles, prede-
termined nozzles that pass over the contact holes.

[0063] Inthe case wherethe inkis applied inthe application
process by moving the inkjet head in the row direction, a
conventional layout of openings is such that the nozzles that
pass over the contact holes are set not to eject the drops of ink.
As the drops of ink for the organic light-emitting layers have
high viscosity, there is a possibility that these nozzles that are
set not to eject the drops of ink be clogged. On the other hand,
according to the above embodiment, the predetermined
nozzles that pass over the contact holes eject the drops of ink
into the reduced-width area of each opening. As every nozzle
ejects the drops of ink, clogging of the nozzles can be pre-
vented in the above embodiment.

[0064] If one or more nozzles become unusable due to
clogging, the total amount of ink drops ejected into each
opening is maintained by causing, out of all the nozzles used
to eject the ink drops into the openings, nozzles other than the
unusable nozzles to eject a larger amount of ink drops. Here,
when at least one of opposing sides of any pair of the openings
adjacent in the column direction includes the reduced-width
area, the predetermined nozzles that pass over the contact
holes eject the ink drops into the reduced-width area of each
opening. This way, the number of nozzles used to eject the ink
drops into each opening can be increased as compared to the
conventional structure. Furthermore, in a case where both of
opposing sides of any pair of the openings adjacent in the
column direction include the reduced-width areas that are
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adjacent in the row direction to each other, the predetermined
nozzles that pass over these reduced-width areas can eject the
ink drops into both of the pair of the openings adjacent in the
column direction. Therefore, as compared to a case where the
opposing sides of any pair of the openings adjacent in the
column direction do not include such reduced-width areas
that are adjacent in the row direction to each other, the above
embodiment can further increase the number of nozzles used
to eject the ink drops into each opening. When there are one
or more unusable nozzles, increasing the number of nozzles
used to eject the ink drops into each opening makes it possible
to suppress the increase in the amount of ink drops ejected
from each of the nozzles other than the unusable nozzles. This
way, the total amount of ink drops ejected into each opening
can be easily maintained.

[0065] In one embodiment, (i) in the step of forming the
bank, a plurality of concavities may be formed in portions of
the bank as a result of the portions sinking into the contact
holes, and (ii) in the step of forming the organic light-emitting
layers, the drops of ink for the organic light-emitting layers
may be ejected from the predetermined nozzles that pass over
the contact holes into each concavity.

[0066] Normally, in the process of forming the bank, con-
cavities are formed in portions of the bank as a result of the
portions sinking into the contact holes provided in the pla-
narizing film. By forming the concavities while making use of
the existing contact holes as in the above embodiment, it is not
required to separately perform an additional step of forming
the concavities. In this way, the manufacturing efficiency is
improved.

[0067] Here, atleastone of opposing sides of any pair of the
openings adjacent in the column direction includes the
reduced-width area that extends in the column direction so as
to at least be adjacent in the row direction to the correspond-
ing contact hole. Therefore, by moving the inkjet head in the
row direction directly after causing the predetermined
nozzles that pass over the contact holes to eject the drops of
ink for the organic light-emitting layers into the reduced-
width area of each opening, the drops of ink for the organic
light-emitting layers can be ejected into each concavity in
which the organic light-emitting layer is not formed (dummy
ejection). This can increase the frequency of ejection by the
predetermined nozzles that pass over the contact holes, thus
preventing clogging of the nozzles in a more effective man-
ner.

[0068] The organic light-emitting layers are formed by (i)
causing the nozzles to eject the drops of ink for the organic
light-emitting layers into the reduced-width area of each
opening and each concavity and (ii) drying the solvent con-
tained in the drops of ink by evaporation (in the concavities,
the ejected drops of ink do not function as the organic light-
emitting layers). By ejecting the drops of ink for the organic
light-emitting layers into the reduced-width area of each
opening and each concavity, the degree at which the vapor-
ized solvent freely diffuses is reduced across the entire
organic EL display panel, especially in the reduced-width
area of each opening, as compared to the conventional struc-
ture. This makes the concentration of the vaporized solvent
uniform. Due to this advantageous effect, the organic light-
emitting layers having a uniform thickness can be formed.
Accordingly, various types of unevenness in light emission
(e.g., unevenness in light emission in the row and column
directions, and unevenness in light emission across the sur-
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face) can be suppressed, and excellent image display perfor-
mance can be achieved as compared to conventional tech-
niques.

[0069] In one embodiment, the step of forming charge
transport layers in the openings in one-to-one correspondence
may be performed between the step of forming the bank and
the step of forming the organic light-emitting layers. The
charge transport layers may be formed by (i) causing the
nozzles provided in the inkjet head to eject drops of ink into
each opening, the ink containing an organic material to con-
stitute the charge transport layers and solvent, and (ii) drying
the solvent by evaporation.

[0070] By providing the charge transport layers, carriers
(electrons and holes) received from the electrodes can be
efficiently transported to the organic light-emitting layers.
This can further improve the luminance. Furthermore, as the
charge transport layers can be formed in an application pro-
cess using an inkjet method, it is possible to provide an
organic EL display panel with high luminance while sup-
pressing the manufacturing cost.

[0071] In one embodiment, in the step of forming the
charge transport layers, (i) the inkjet head may be positioned
so that the nozzles are aligned along the column direction, and
(i1) while the inkjet head is moving in the row direction, the
predetermined nozzles that pass over the contact holes may
eject the drops of ink for the charge transport layers into the
reduced-width area of each opening.

[0072] Inthe case wherethe ink is applied in the application
process by moving the inkjet head in the row direction, a
conventional layout of openings is such that the nozzles that
pass over the contact holes are set not to eject the drops of ink.
As the drops of ink for the charge transport layers have high
viscosity, there is a possibility that these nozzles that are set
not to eject the drops of ink be clogged. On the other hand,
according to the above embodiment, the predetermined
nozzles that pass over the contact holes eject the drops of ink
into the reduced-width area of each opening. As every nozzle
ejects the drops of ink, clogging of the nozzles can be pre-
vented in the above embodiment.

[0073] Furthermore, in a case where one of opposing sides
of any pair of the openings adjacent in the column direction
includes the reduced-width area, the number of nozzles used
to eject the ink drops into each opening can be increased as
compared to the conventional structure. In a case where both
of opposing sides of any pair of the openings adjacent in the
column direction include the reduced-width areas that are
adjacent in the row direction to each other, the number of
nozzles used to eject the ink drops into each opening can be
further increased as compared to a case where the opposing
sides of any pair of the openings adjacent in the column
direction do not include the reduced-width areas that are
adjacent in the row direction to each other. Therefore, even
when one or more nozzles are unusable, the above embodi-
ment can easily maintain the total amount of ink drops to be
ejected into each opening.

[0074] In one embodiment, (i) in the step of forming the
bank, a plurality of concavities may be formed in portions of
the bank as a result of the portions sinking into the contact
holes, and (ii) in the step of forming the charge transport
layers, drops of ink for the charge transport layers may be
ejected from the predetermined nozzles that pass over the
contact holes into each concavity.

[0075] Here, atleast one of opposing sides of any pair of the
openings adjacent in the column direction includes the
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reduced-width area that extends in the column direction so as
to at least be adjacent in the row direction to the correspond-
ing contact hole. Therefore, by moving the inkjet head in the
row direction directly after causing the predetermined
nozzles that pass over the contact holes to eject the drops of
ink for the charge transport layers into the reduced-width area
of each opening, the drops of ink for the charge transport
layers can be ejected into each concavity in which the charge
transport layer is not formed (dummy ejection). This can
increase the frequency of ejection by the predetermined
nozzles that pass over the contact holes, thus preventing clog-
ging of the nozzles in a more effective manner.

[0076] The charge transport layers are formed by (i) caus-
ing the nozzles to eject the drops of ink for the charge trans-
port layers into the reduced-width area of each opening and
each concavity and (ii) drying the solvent contained in the
drops of ink by evaporation (in the concavities, the ejected
drops of ink do not function as the charge transport layers). By
ejecting the drops of ink for the charge transport layers into
the reduced-width area of each opening and each concavity,
the degree at which the vaporized solvent freely diffuses is
reduced across the entire organic EL display panel, especially
in the reduced-width area of each opening, as compared to the
conventional structure. This makes the concentration of the
vaporized solvent uniform. Due to this advantageous effect,
the charge transport layers having a uniform thickness can be
formed. Accordingly, various types of unevenness in light
emission (e.g., unevenness in light emission in the row and
column directions, and unevenness in light emission across
the surface) can be suppressed, and excellent image display
performance can be achieved as compared to conventional
techniques.

EMBODIMENT 1

[0077] <Overall Schematic Structure>

[0078] FIG. 1is a partial cross-sectional view showing the
structure of an organic EL display panel 100 pertaining to
Embodiment 1. The upper side of the organic EL display
panel 100 in FIG. 1 is a display screen. In other words, the
organic EL display panel 100 is of a top-emission type. FIG.
2 schematically shows the shape of a bank 7 as viewed per-
pendicular to the display screen of the organic EL display
panel 100. For convenience, hole transport layers 10, organic
light-emitting layers 11, an electron transport layer 12, an
electron injection layer 13, and an upper electrode 14 are
omitted from FIG. 2. Note that the partial cross-sectional
view of FIG. 1 is taken along A-A'in FIG. 2.

[0079] As shown in FIG. 1, a TFT layer 2, power supply
electrodes 3, a planarizing film 4, lower electrodes 6, and a
hole injection layer 9 are layered in the stated order on a
substrate 1. A bank 7 is formed on the hole injection layer 9.
Thebank 7 is a grid defining openings 17 in which the organic
light-emitting layers 11 are to be formed in one-to-one cor-
respondence. In each opening 17, the hole transport layer 10,
the organic light-emitting layer 11, the electron transport
layer 12, the electron injection layer 13, and the upper elec-
trode 14 are layered in the stated order.

[0080] <Structure of Layers (from Substrate to Bank)>
[0081] The following describes the substrate 1, the TFT
layer 2, the power supply electrodes 3, the planarizing film 4,
the lower electrodes 6, the hole injection layer 9, and the bank
7.

[0082] The substrate 1 is a back substrate of the organic EL,
display panel 100. The TFT layer 2 is formed on the front
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surface of the substrate 1. The TFT layer 2 contains thin-film
transistors (TFTs) for driving the organic EL display panel
100 by an active matrix method. The power supply electrodes
3 are formed in the upper surface of the TFT layer 2. The
power supply electrodes 3 supply power from the outside to
each TFT.

[0083] The planarizing film 4 is provided to flatten the
surface unevenness caused by the presence of the TFT layer 2
and the power supply electrodes 3. The planarizing film 4 is
formed from an organic material with excellent insulating
properties.

[0084] Contactholes 5 are provided so as to bring the power
supply electrodes 3 and the lower electrodes 6 into conduc-
tion, and extend from the front surface to the back surface of
the planarizing film 4. Each contact hole 5 is located between
a corresponding pair of openings 17 adjacent in the column
direction. The contact holes 5 are covered by the bank 7. The
above structure prevents disadvantages arising from the pres-
ence of the contact holes 5, such as inability to flatten the
layers formed above the bank 7.

[0085] The lower electrodes 6 are anodes and provided in
one-to-one correspondence with the organic light-emitting
layers 11, which are formed in the openings 17 in one-to-one
correspondence. Since the organic EL display panel 100 is of
a top-emission type, a light-reflective material is used as the
material of the lower electrodes 6.

[0086] The hole injection layer 9 is provided in order to
facilitate injection of holes from the lower electrodes 6 to the
organic light-emitting layers 11.

[0087] (Structure of Bank 7)

[0088] The bank 7 has a function of preventing the ink
corresponding to one of the colors red (R), green (G) and blue
(B) from being mixed with the ink corresponding to a differ-
ent color during the formation of the organic light-emitting
layers 11. The ink contains a material to constitute the organic
light-emitting layers and a solvent

[0089] Most portions of the bank 7, which is provided to
cover the upper parts of the contact holes 5, have a trapezoidal
cross-section in an XY-plane or a YZ-plane. However, por-
tions of the bank 7 corresponding to the contact holes 5 have
sunk due to shrinking of the material of the bank 7. Herein-
after, these sunken portions of the bank 7 are referred to as
concavities 8.

[0090] Withreferenceto FIG. 2, the following describes the
shape of the bank 7 as viewed perpendicular to the display
screen of the organic EL display panel 100.

[0091] As shown in FIG. 2, the plurality of openings 17
defined by the bank 7 are arranged in a matrix. The openings
17 are areas where the organic light-emitting layers 11 are
formed in one-to-one correspondence. The arrangement and
the shape of the organic light-emitting layers 11 are defined
by the arrangement and the shape of the openings 17. Each
opening 17 has a substantially rectangular shape whose
lengthwise direction extends along the column (Y) direction.
By way of example, the sides of each opening 17 extending
along the row (X) direction are approximately 100 um in
length, and the sides of each opening 17 extending along the
column (Y) direction are approximately a few 100 pm in
length. In each opening 17, the organic light-emitting layer 11
corresponding to one of R, G, and B is formed. The organic
light-emitting layers 11 formed in the respective openings 17
are subpixels. A set of tree subpixels corresponding to R, G
and B, respectively, constitutes one pixel. Each contact hole 5
is located between a corresponding pair of openings 17 adja-



US 2012/0135556 Al

cent in the column direction. That is, the contact holes 5 are
located below the bank 7. It has been described above that the
lower electrodes 6 are provided in one-to-one correspondence
with the organic light-emitting layers 11, which are formed in
the openings 17 in one-to-one correspondence. This means
that the lower electrodes 6 are provided in one-to-one corre-
spondence with the subpixels.

[0092] Here, attention should be drawn to each opening 17.
As described earlier, each opening 17 has a substantially
rectangular shape. In addition, the two opposite sides of each
opening, namely a first side 17a and a second side 175, have
different shapes. Assume that the openings 17, each having
these first side 17a and second side 175, are arranged in a
matrix in the same orientation. In this case, as to any pair of
openings 17 adjacent in the column direction, the first side
17a of one opening 17 faces the differently-shaped second
side 175 of the other opening 17 along the column direction,
as shown in FIG. 2.

[0093] Next, attention should be drawn to the shape of the
first side 17a of each opening 17. The first side 17a of each
opening 17 includes an area 214 that (i) is reduced in width in
the row direction and (ii) extends in the column direction
toward an area adjacent in the row direction to the corre-
sponding contact hole 5. Put another way, the first side 17a of
each opening 17 is partially expanded in such a manner as to
avoid the corresponding contact hole 5. As described above,
the first side 17a of each opening 17 includes (i) an area
having the original width of the opening 17, and (ii) an area
21a having a width smaller than the original width of the
opening 17 (hereinafter, this area 21 a having a width smaller
than the original width of the opening 17 is simply referred to
as a “reduced-width area 21a”"). On the other hand, the second
side 176 of each opening 17 has the original width of the
opening 17.

[0094] In terms of improvement in the luminance of emit-
ted light, it is preferable to make the reduced-width area 21 a
of'each opening 17 as large as possible. However, making the
reduced-width area 21a of each opening 17 too large gives
rise to the following problems.

[0095] Firstly, when the reduced-width area 21a of each
opening 17 is expanded too far toward the opposing second
side 174, there is a possibility that the ink ejected into one
opening 17 may be mixed with the ink ejected into another
opening 17 adjacent in the column direction during the pro-
cess of forming the organic light-emitting layers 11. Further-
more, when the reduced-width area 21a of each opening 17 is
expanded too far toward the opposing second side 175, a
recess formed between each pair of the lower electrodes 6,
which are formed in one-to-one correspondence with the
subpixels (i.e., a portion where no lower electrode 6 is
formed), cannot be covered by the bank 7. As a result, the
layers formed above the bank 7 partially sink into each recess
and therefore do not become flat. This could cause uneven-
ness in light emission and the like. In view of the above, when
expanding the reduced-width area 21a of each opening 17
toward the opposing second side 175, it is preferable to (i)
provide a gap between the reduced-width area 21a and the
opposing second side 175 to prevent the ink ejected into one
opening 17 from being mixed with the ink ejected into
another adjacent opening 17, and (ii) provide the reduced-
width area 21a above the corresponding lower electrode 6.
[0096] Secondly, when the reduced-width area 21a of each
opening 17 is expanded too far toward the corresponding
contact hole 5, the bank 7 cannot cover the entirety of the
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recesses formed by the lower electrodes 6 partially sinking
into the contact holes 5. This case similarly brings about the
disadvantage that the layers formed above the bank 7 do not
become flat. In view of the above, when expanding each
reduced-width area 21a of each opening toward the corre-
sponding contact hole 5, it is preferable to provide the
reduced-width area 21 above the corresponding lower elec-
trode 6 in an area where there is no recess formed due to the
corresponding contact hole 5.

[0097] Moreover, if the shape of the reduced-width area
21a of each opening 17 has one or more angles, the ink ejected
thereinto does not evenly spread all the way to areas of such
angles, because the ink used in an application process utiliz-
ing an inkjet method has high viscosity. This gives rise to the
problem of uneven organic light-emitting layers 11. In view
of the above, it is preferable that the shape of each reduced-
width area 21a have no angles, as shown in FIG. 2.

[0098] The luminance of subpixels increases in proportion
to the size of the area of each organic light-emitting layer 11,
i.e., the size of the area of each opening 17. The area of each
opening 17 is larger in the present embodiment, in which each
first side 17a has the reduced-width area 21a, than in a case
where each first side 17a has the original width of the opening
17. As a result, the luminance of emitted light can be
improved without increasing the current density of current
flowing through the organic light-emitting layers. Further-
more, in the present embodiment, each contact hole 5 is
positioned with a row-direction distance from a virtual line
passing through the centers of the corresponding column of
openings 17, and accordingly, each reduced-width area 21a
extends in the column direction so as to be adjacent in the row
direction to the corresponding contact hole 5. In this way, the
area of each opening 17 is further enlarged and the luminance
of emitted light is further improved, as compared to a case
where each contact hole 5 is positioned on a virtual line
passing through the centers of the corresponding column of
openings 17.

[0099] <Structure of Layers (From Hole Transport Layers
to Upper Electrode)>

[0100] Returning to the partial cross-sectional view of FIG.
1, the following describes the hole transport layers 10, the
organic light-emitting layers 11, the electron transport layer
12, the electron injection layer 13, and the upper electrode 14.

[0101] Theholetransportlayers 10 have a function of trans-
porting the holes injected by the lower electrodes 6 to the
organic light-emitting layers 11.

[0102] The organic light-emitting layers 11 emit light due
to recombination of carriers (holes and electrons). Each
organic light-emitting layer 11 includes an organic material
corresponding to one of the colors R, G and B.

[0103] Anorganic layer 16 made of the same material as the
organic light-emitting layers 11 is formed in each concavity 8.
The organic layers 16 are formed simultaneously with the
organic light-emitting layers 11 by applying the ink to both of
the openings 17 and the concavities 8 during the application
process.

[0104] The electron transport layer 12 has a function of
transporting the electrons injected by the upper electrode 14
to the organic light-emitting layers 11.

[0105] The electron injection layer 13 has a function of
facilitating injection of the electrons from by the upper elec-
trode 14 to the organic light-emitting layers 11.
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[0106] The upper electrode 14 is a cathode. Since the
organic EL display panel 100 is of a top-emission type, a
material with light transmitting properties is used as the mate-
rial of the upper electrode 14.

[0107] Although not illustrated in FIG. 1, a passivation
layer is provided on the upper electrode 14 for the purpose of
suppressing the deterioration of the organic light-emitting
layers 11 as a result of the organic light-emitting layers 11
coming in contact with moisture, the air, and the like. Since
the organic EL display panel 100 is of a top-emission type, a
material with light transmitting properties, such as SiN (sili-
con nitride) and SiON (silicon oxynitride), is used as the
material of the passivation layer.

[0108] It goes without saying that all of the organic light-
emitting layers 11 formed in the respective openings 17 may
correspond to the same color. Furthermore, the size of the
reduced-width areas 21a may differ for each color. This
makes it possible to make the light-emitting properties, which
differ for each color, uniform.

[0109] <Material of Each Layer>

[0110] The following shows examples of the material of
each layer described above. It should be naturally appreci-
ated, however, that each layer may be formed from a material
other than the ones described below.

[0111] Substrate 1: insulating material such as alkali-free
glass, soda glass, nonfluorescent glass, phosphate glass,
borate glass, quartz, acrylic resin, styrenic resin, polycarbon-
ate resin, epoxy resin, polyethylene, polyester, silicone resin,
and alumina.

[0112] Planarizing film 4: polyimide resin or acrylic resin
[0113] Lower electrodes 6: Ag (silver), Al (aluminum), an
alloy made from silver, palladium and copper, an alloy made
from silver, rubidium and gold, MoCr (an alloy made from
molybdenum and chromium), or NiCr (an alloy made from
nickel and chromium)

[0114] Bank 7: acrylic-based resin, polyimide resin, or
novolac-type phenolic resin

[0115] Organic light-emitting layers 11: a fluorescent
material such as an oxinoid compound, perylene compound,
coumarin compound, azacoumarin compound, oxazole com-
pound, oxadiazole compound, perinone compound, pyrrolo-
pyrrole compound, naphthalene compound, anthracene com-
pound, fluorene compound, fluoranthene compound,
tetracene compound, pyrene compound, coronene com-
pound, quinolone compound and azaquinolone compound,
pyrazoline derivative and pyrazolone derivative, rhodamine
compound, chrysene compound, phenanthrene compound,
cyclopentadiene compound, stilbene compound, diphe-
nylquinone compound, styryl compound, butadiene com-
pound, dicyanomethylene pyran compound, dicyanomethyl-
ene thiopyran compound, fluorescein compound, pyrylium
compound, thiapyrylium compound, selenapyrylium com-
pound, telluropyrylium compound, aromatic aldadiene com-
pound, oligophenylene compound, thioxanthene compound,
cyanine compound, acridine compound, metal complex of an
8-hydroxyquinoline compound, metal complex of a 2-bipy-
ridine compound, complex of a Schiff base and a group three
metal, metal complex of oxine, and rare earth metal complex
(all of these are described in Japanese Patent Application
Publication No. H5-163488)

[0116] Hole injection layer 9: a metal oxide such as MoOx
(molybdenum oxide), WOx (tungsten oxide), and MoxWyOz
(molybdenum-tungsten oxide), a metal nitride, or a metal
oxynitride.
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[0117] Hole transport layers 10: a triazole derivative, oxa-
diazole derivative, imidazole derivative, polyarylalkane
derivative, pyrazoline derivative and pyrazolone derivative,
phenylenediamine derivative, arylamine derivative, amino-
substituted chalcone derivative, oxazole derivative, styrylan-
thracene derivative, fluorenone derivative, hydrazone deriva-
tive, stilbene derivative, porphyrin compound, aromatic
tertiary amine compound, styryl amine compound, butadiene
compound, polystyrene derivative, triphenylmethane deriva-
tive, and tetraphenylbenzene derivative (all of these are
described in JP Patent Application Publication No.
H5-163488)

[0118] Electron transport layer 12: barium, phthalocya-
nine, or lithium fluoride

[0119] Electron injection layer 13: a nitro-substituted fluo-
renone derivative, thiopyran dioxide derivative, diphe-
nylquinone derivative, perylene tetracarboxyl derivative,
anthraquinodimethane derivative, fluorenylidenemethane
derivative, anthrone derivative, oxadiazole derivative,
perynone derivative, or derivative of quinoline complexes (all
of these are described in JP Patent Application Publication
No. 5-163488)

[0120] Upper electrode 14: ITO (indium tin oxide), or IZO
(indium zinc oxide)

[0121] The above has described the structure and the like of
the organic EL display panel 100. Proving each opening 17
with the first side 17a including the reduced-width area 21a
has the advantageous effect of preventing the clogging of
nozzles in an inkjet head used during the manufacturing pro-
cess. The following section describes examples of a manu-
facturing method for the organic EL display panel 100,
together with the above-described advantageous effect.

[0122] <Manufacturing Method>

[0123] A description is now given of a method of manufac-
turing the organic EL display panel 100 as a whole. After that,
the application process of the manufacturing method will be
discussed in detail.

[0124] (Overview)

[0125] First, the substrate 1 is prepared on which the TFT
layer 2 and the power supply electrodes 3 are formed (FIG.
3A).

[0126] Thereafter, in accordance with a photoresist
method, the planarizing film 4 having a thickness of approxi-
mately 4 pm is formed on the TFT layer 2 and the power
supply electrodes 3. Note, the planarizing film 4 is made of an
organic material with excellent insulating properties. Then,
the contact holes 5 are provided in positions that are each to be
sandwiched between a corresponding pair of openings 17
adjacent in the column direction (FIG. 3B) By using the
photoresist method in combination with a desirable pattern
mask, the planarizing film 4 and the contact holes 5 can be
formed simultaneously. It goes without saying, however, that
the contact holes 5 are not limited to being formed in accor-
dance with the above-described method. For example, the
contact holes 5 may be formed by, after uniformly forming
the planarizing film 4, removing portions of the planarizing
film 4 at predetermined positions.

[0127] Next, the lower electrodes 6, which are formed from
ametal material having a thickness of approximately 150 nm,
are formed in one-to-one correspondence with the subpixels
in accordance with a vacuum deposition method or a sputter-
ing method, in such a manner that the lower electrodes 6 and
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the power supply electrodes 3 are brought into conduction.
Thereafter, the hole injection layer 9 is formed by reactive
sputtering (FIG. 3C).

[0128] Then, the bank 7 is formed using a photolithography
method. First, a paste of bank material containing photosen-
sitive resists is prepared. This bank material is uniformly
applied onto the hole injection layer 9. A mask shaped into the
pattern of the openings 17, which are illustrated in FIG. 2, is
overlaid on the hole injection layer 9. Then, the hole injection
layer 9, on which the mask is overlaid, is exposed to light. As
a result, a bank pattern is formed. Subsequently, excess bank
material is washed off with an aqueous or non-aqueous
etchant (developing solution). This concludes the patterning
ofthe bank material. Through the above procedure, formation
ofthe bank 7 is completed with at least repellency provided to
the surface thereof. The bank 7 defines the openings 17, in
each of which the organic light-emitting layer is to be formed.
Also, each concavity 8 is formed on the upper surface of the
bank 7 at a position between a corresponding pair of openings
17 adjacent in the column direction (FIG. 3D). Ina case where
the contact holes 5 are provided as in the present embodiment,
the concavities 8 are formed in the course of nature due to the
bank material partially sinking into the contact holes 5. It is
therefore unnecessary to perform an additional process for
separately forming the concavities 8. Hence, the above pro-
cedure is advantageous in terms of the production cost and
improvement in the manufacturing efficiency.

[0129] Note that during the process of forming the bank 7,
the surface of the bank 7 may be treated with an alkaline
solution, water, or an organic solvent, or may be subjected to
plasma treatment, in order to adjust the angle of contact
between the bank 7 and the ink to be ejected into the openings
17, or to provide repellency to the surface of the bank 7.
[0130] Next, ink for the hole transport layers 10 is prepared
by mixing an organic material to constitute the hole transport
layers 10 with a solvent at a predetermined ratio. This ink is
supplied to a head unit 301. The head unit 301 ejects drops 19
ofthe ink for the hole transport layers 10 (hereinafter referred
to as “ink drops 19”) into each opening 17 in accordance with
the application process (FIG. 3E). Thereafter, the solvent
contained in the ink for the hole transport layers 10 is dried by
evaporation. By performing heating and baking as necessary,
the hole transport layers 10 are formed (FIG. 4A).

[0131] Next, ink for the organic light-emitting layers 11 is
prepared by mixing an organic material to constitute the
organic light-emitting layers 11 with a solvent at a predeter-
mined ratio. This ink is supplied to the head unit 301. The
head unit 301 ejects drops 18 of the ink for the organic
light-emitting layers 11 (hereinafter referred to as “ink drops
18”) into both of the openings 17 and concavities 8 in accor-
dance with the application process (FIG. 4B). Thereafter, the
solvent contained in the ink for the organic light-emitting
layers 11 is dried by evaporation. By performing heating and
baking as necessary, the organic light-emitting layers 11 and
the organic layers 16 made of the same material as the organic
light-emitting layers 11 are formed (FIG. 4C). By applying
the ink for the organic light-emitting layers 11 into both of the
openings 17 and concavities 8 as shown in FIG. 4B, the
concentration of the vaporized solvent becomes uniform, and
the organic light-emitting layers 11 having a uniform thick-
ness can be formed in all of the openings 17, as will be
described in the (Application Process) section below.

[0132] Next, amaterial for the electron transport layer 12 is
formed on the surfaces of the organic light-emitting layers 11
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in accordance with a vacuum deposition method. As a result,
the electron transport layer 12 is formed. Subsequently, a
material for the electron injection layer 13 is formed by depo-
sition, spin coating, casting, or the like. As a result, the elec-
tron injection layer 13 is formed. Thereafter, a material such
as ITO and IZO is layered by a vacuum deposition method, a
sputtering method, or the like. As a result, the upper electrode
14 is formed (FIG. 4D).

[0133] Although not illustrated, the passivation layer is
formed on the surface of the upper electrode 14 by layering a
material with light transmitting properties (e.g., SIN and
SiON) by a sputtering method, a CVD method, or the like.
[0134] Through the above procedure, manufacturing of the
organic EL display panel 100 is completed.

[0135] (Application Process)

[0136] The following mainly describes the application pro-
cess conducted to form the hole transport layers 10 and the
organic light-emitting layers 11 in detail. First, a description
is given of an inkjet device system used in the application
process. After that, a description is given of a positional
relation between nozzles that eject ink and the substrate onto
which the ink is to be applied (hereinafter referred to as
“application target substrate”).

[0137] <<Inkjet Device System 1000>>

[0138] FIG. 5 shows a main structure of an inkjet device
system 1000 (hereinafter referred to as “system 1000”).
[0139] As shown in FIG. 5, the system 1000 includes an
inkjet table 20, an inkjet head 30, and the like.

[0140] The inkjet table 20 is a so-called gantry work table
where a gantry unit (movable frame) is disposed so as to move
along a pair of guiding shafts above a base table.

[0141] A specific structure of the inkjet table 20 is as fol-
lows. Columnar stands 201A, 201B, 202A and 202B are
mounted on the four corners of an upper surface of a plate-like
base 200. A fixed stage ST and an ink pan (dish-like con-
tainer) IP are disposed in an inner region surrounded by the
columnar stands 201A, 201B, 202A and 202B. The applica-
tion target substrate is placed on the fixed stage ST. Immedi-
ately before the ink is applied, the ink is ejected into the ink
pan IP to stabilize the ejection properties.

[0142] Furthermore, guiding shafts 203A and 203B are
supported by the columnar stands 201A, 201B, 202A and
202B so as to extend in parallel to each other along the
lengthwise (Y) direction of the base 200. The guiding shafts
203A and 203B are inserted through linear motors 204 and
205, respectively. A gantry unit 210 is mounted on the linear
motors 204 and 205 so as to extend in a direction perpendicu-
lar to the lengthwise direction of the guiding shafts 203 A and
203B. When the above system 1000 is driven, the pair of
linear motors 204 and 205 is driven as well, thus enabling the
gantry unit 210 to slide back and forth along the lengthwise
direction of the guiding shafts 203A and 203B.

[0143] A movable member (carriage) 220 composed of an
L-shaped mount is disposed on the gantry unit 210. The
movable member 220 is provided with a servo motor 221
(dedicated to the movable member 220). Gears (not illus-
trated) are attached to the tip of the shaft of the servo motor
221. The gears fit into a guiding groove 211 provided in the
gantry unit 210. The guiding groove 211 extends in the
lengthwise direction of the gantry unit 210 (the X direction).
A small rack extending in the lengthwise direction of the
gantry unit 210 is disposed inside the guiding groove 211. The
gears are engaged with the rack. Accordingly, when the servo
motor 221 is driven, the movable member 220 moves back
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and forth with precision in the X direction due to a rack and
pinion mechanism. The inkjet head 30 is attached to the
movable member 220.

[0144] Itshould be noted that the linear motors 204 and 205
and the servo motor 221 are merely examples of the means for
moving the gantry unit 210 and the movable member 220.
Use of'the linear motors 204 and 205 and the servo motor 221
is not indispensable. For example, a timing belt mechanism or
a ball screw mechanism may be used to move at least one of
the gantry unit 210 and the movable member 220.

[0145] The inkjet head 30 operates in accordance with a
commonly-known piezoelectric method, and is compose of
the head unit 301 and a body 302. The head unit 301 is fixed
to the movable member 220 via the body 302. A servo motor
is builtin the body 302. By rotating this servo motor, the angle
formed between the lengthwise direction of the head unit 301
and the X axis of the fixed stage ST is adjusted.

[0146] A plurality of nozzles are provided on a surface of
the head unit 301 facing the fixed stage ST. These nozzles are
aligned in a row along the lengthwise direction of the head
unit 301. The ink supplied to the head unit 301 is ejected from
each nozzle to the application target substrate.

[0147] Withuse of the system 1000 having the above struc-
ture, the application process is performed in accordance with
an inkjet method. First, an operator selects one of the row
direction and the column direction along which the inkjet
head 30 should be moved to apply the ink onto the application
target substrate. Next, the operator adjusts the angle formed
between the lengthwise direction of the head unit 301 and the
X axis of the fixed stage ST. This enables the nozzles provided
in the head unit 301 to pass over predetermined locations on
the application target substrate. This angle adjustment is per-
formed as necessary in accordance with the standard and the
size of the substrate, and will be described in detail in the next
section.

[0148] <<Positional Relation between Head Unit and
Application Target Substrate>>

[0149] The following describes the case where the ink
application is performed by moving the head unit in the row
direction (horizontal ink ejection).

[0150] FIG. 14 shows a positional relation between an
application target substrate and a head unit 62 (equivalent to
the head unit 301 in FIG. 5) during a manufacturing process
for a conventional organic EL display panel. In FIG. 14, the
reference sign 500A is appended to the application target
substrate. FIG. 14 shows the application target substrate
500A before it undergoes the application process. A bank 57
formed on the application target substrate 500A is a grid
defining a plurality of openings 60 arranged in a matrix. The
head unit 62 is provided with a plurality of nozzles 620 from
which the ink is ejected. The nozzles 620 provided in the head
unit 62 are aligned in a row. The ink is ejected into the
openings 60 while moving the head unit 62 in the row direc-
tion. At this time, the ejection pitch of the nozzles 620 is
adjusted by slightly inclining the lengthwise direction of the
head unit 62 with respect to the column direction. In the
example shown in FIG. 14, the ejection pitch of the nozzles
620 is adjusted so that nozzle groups a,;, a,,, a;5 and a;,
correspond to the openings 60, and nozzles b, ,, b,, and b,
correspond to positions that are each between a pair of open-
ings 60 adjacent in the column direction.

[0151] With the above adjustment, during the process for
forming the organic light-emitting layers and the hole trans-
port layers, the ink is ejected from the nozzle groups a,;, a;,
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a,; and a,,, but not from the nozzles b,,, b,, and b, 5. Gener-
ally speaking, the ink used to form the organic light-emitting
layers and the hole transport layers has higher viscosity than
printing ink used in inkjet printers. Thus, there are times when
thenozzlesb,; b,, and b, ;, which are set not to eject the ink,
are clogged due to solidification of the ink therein. Clogged
nozzles cannot eject a preset amount of ink within a preset
period of time, and thus may fail to eject the ink into all of the
openings 60. This could result in loss of substrates, or require
replacement of the head unit 301. In this case, it is necessary
to perform extra operations for detaching the head unit 301,
cleaning the head unit 301, then reattaching the head unit 301
while maintaining alignment of nozzles in the head unit 301
with high accuracy. This could significantly reduce the pro-
duction efficiency.

[0152] Ontheotherhand, FIG. 6 shows a positional relation
between the application target substrate and the head unit 301
pertaining to Embodiment 1 (upon horizontal ink ejection).
As with the case of FIG. 14, the head unit 301 is provided with
a plurality of nozzles 3030 from which the ink is ejected. The
nozzles 3030 provided in the head unit 301 are aligned in a
row. In FIG. 6, nozzle groups a,, a,, a, and a, are arranged to
correspond to the openings 17 except for the reduced-width
areas 21a, whereas nozzles b,, b,, and b, are arranged to
correspond to lines I, I, and I; passing through the reduced-
width areas 21a and the concavities 8 (contact holes 5).
Therefore, every nozzle 3030 is adjusted to pass over the
openings 17 including the reduced-width areas 21a or over
the concavities 8; that is to say, there are no nozzles 3030 that
are set not to eject the ink. By thus using every nozzle 3030 in
the head unit 301 to apply the ink into the openings 17 having
the reduced-width areas 21a and the concavities 8, i.e., by
eliminating nozzles 3030 that are set not to eject the ink,
clogging of the nozzles 3030 can be effectively prevented.
[0153] As shown in FIG. 14, according to the conventional
structure, the number of nozzles used to eject the ink into each
opening 60 is five. In contrast, according to the structure
pertaining to the present embodiment, the number of nozzles
used to eject the ink into each opening 17 (including the
reduced-width area 21a) is six. Hence, the number of nozzles
used to eject the ink into each opening is larger with the
structure pertaining to the present embodiment than with the
conventional structure. The following describes the advanta-
geous effects derived from this difference between the struc-
ture pertaining to the present embodiment and the conven-
tional structure.

[0154] During the application process, if one or more
nozzles become unusable due to clogging, the total amount of
ink drops ejected into each opening 17 is maintained by
causing, out of all the nozzles used to eject the ink drops into
the openings 17, nozzles other than the unusable nozzles to
eject a larger amount of ink drops. By increasing the number
of'nozzles used to eject the ink drops into each opening 17, it
is possible to suppress the increase in the amount of ink drops
ejected from each of the nozzles other than the unusable
nozzles. In this way, the total amount of ink drops ejected into
each opening 17 is easily maintained, and the burden on the
nozzles other than the usable nozzles can be alleviated.
[0155] The following describes the case where the ink
application is performed by moving the head unit 301 in the
column direction (vertical ink ejection).

[0156] FIG. 7 shows a positional relation between the
application target substrate and the head unit 301 pertaining
to Embodiment 1 (upon vertical ink ejection). In the case of
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vertical ink ejection, the angle formed between the length-
wise direction of the head unit 301 and the row direction is
adjusted so that each nozzle 3030 is positioned to pass over
either (i) one of the lines |, L, Ls, L, and L, each passing
through a corresponding column of openings 17 (excluding
the reduced-width areas 21a) and concavities 8 (contact holes
5), or (ii) one of the lines L,, L,, Ls and L, each passing
through the reduced-width areas 21a.

[0157] In this case of vertical ink ejection, although each
nozzle 3030 ejects the ink intermittently, a time period for
which each nozzle 3030 halts the ink ejection is short as
compared to the conventional case. Accordingly, the present
embodiment offers an advantageous effect that clogging of
the ink in the nozzles is prevented also in the case of vertical
ink ejection.

[0158] According to the present embodiment, in either case
of horizontal ink ejection or vertical ink ejection, the ink for
the organic light-emitting layers 11 is ejected into both of the
reduced-width areas 21a and the concavities 8; however, it is
also possible to configure the nozzles 3030 so as not to eject
the ink for the organic light-emitting layers 11 into the con-
cavities 8. However, in this case, the solvent does not evapo-
rate from the concavities 8. Since the concentration of the
vaporized solvent is low around a certain region of each
reduced-width area 21a that is adjacent in the row direction to
the corresponding concavity 8, evaporation of the solvent is
facilitated more in such a region than in the other region of
each reduced-width area 21. When drying of the solvent
progresses in the atmosphere with the uneven concentration
of vaporized solvent, the film thickness of the organic light-
emitting layer 11 becomes large in the certain region of each
reduced-width area 21a that is adjacent in the row direction to
the corresponding concavity 8. This could result in failure to
form the organic light-emitting layers 11 having a uniform
film thickness.

[0159] On the other hand, when the ink is ejected into both
of the reduced-width areas 21a and the concavities 8 as in the
present embodiment, the concentration of solvent vaporized
from the ink becomes uniform. This makes it possible to form
the organic light-emitting layers 11 having a uniform thick-
ness in the openings 17 including the reduced-width areas
21a. Accordingly, the present embodiment can suppress vari-
ous types of unevenness in light emission (e.g., unevenness in
light emission in the row and column directions, and uneven-
ness in light emission across the surface), and offers excellent
image display performance as compared to conventional
techniques.

EMBODIMENT 2

[0160] Embodiment 1 has described the structure in which,
asto any pair of openings 17 adjacent in the column direction,
only one of opposing sides of the pair of openings 17 includes
the reduced-width area 21 a that is reduced in width in the row
direction. On the other hand, Embodiment 2 describes the
structure in which, as to any pair of openings 17 adjacent in
the column direction, both of opposing sides of the pair of
openings 17 include the reduced-width area that is reduced in
width in the row direction. The following describes Embodi-
ment 2 with a focus on the differences between Embodiments
1 and 2.

[0161] <Structure>

[0162] FIG. 81is a schematic diagram showing the shape of
a bank of an organic EL display panel 100 A pertaining to the
present embodiment. A partial cross-sectional view of the
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organic EL display panel 100A taken along B-B' in FIG. 8 is
similar to that shown in FIG. 1.

[0163] As with FIG. 1, a first side 17a of each opening 17
includes a reduced-width area 21a that (i) is reduced in width
in the row direction and (ii) extends in the column direction
toward an area that is adjacent in the row direction to the
corresponding contact hole 5. In fact, in the present embodi-
ment, each reduced-width area 21a extends in the column
direction past the area that is adjacent in the row direction to
the corresponding contact hole 5. As a result of each reduced-
width area 21a extending in the above manner, a part of a
second side 175 of the opening 17 that is adjacent in the
column direction to the reduced-width area 21a has been
removed. Therefore, the second side 175 of each opening 17
includes a reduced-width area 21b. As such, the reduced-
width areas 21a and 215 alternate along the column direction.
Moreover, each reduced-width area 21a extends toward the
removed part of the corresponding second side 175. That is to
say, each reduced-width area 21a and the corresponding sec-
ond reduced-width area 215 are partially adjacent in the row
direction to each other. Therefore, in the present embodiment,
as with the first sides 17a, the second sides 175 each include
a part having the original width of the opening 17 and a part
having a width smaller than the original width of the opening
17,i.e., thereduced-width area 215. Although not particularly
illustrated in the drawings, the lower electrodes pertaining to
the present embodiment are formed in one-to-one correspon-
dence with subpixels to match the shape of each opening 17
including the reduced-width areas 21a and 2154.

[0164] In the present embodiment, the area of the opening
of each second side 175 is reduced, but in accordance with
such reduction, the area of the opening of each first side 17a
is enlarged. Therefore, the overall area of each opening 17
pertaining to Embodiment 2 is similar to the area of each
opening 17 pertaining to Embodiment 1. Accordingly, the
above structure makes it possible to increase the area of light
emission. As a result, the luminance of emitted light can be
improved without increasing the current density of current
flowing through the organic light-emitting layers.

[0165] The above has described the structure of the organic
EL display panel 100A. As each reduced-width area 21a and
the corresponding reduced-width area 215 are partially adja-
cent in the row direction to each other, when one or more of
the nozzles become unusable during the application process,
the present embodiment offers the advantageous effect of
further alleviating the burden on the nozzles other than the
unusable nozzles. The following section describes examples
of'a manufacturing method for the organic EL display panel
pertaining to the present invention, together with the above-
described advantageous effect.

[0166] <Manufacturing Method>

[0167] Theoverall manufacturing method is the same as the
one shown in FIGS. 3A to 4D, and is therefore omitted from
the following description. However, the mask pattern layered
on the resists during the process shown in FIG. 3D is different
between the present Embodiment 2 and the above Embodi-
ment 1.

[0168] FIG. 9 shows a positional relation between the
application target substrate and the head unit 301 pertaining
to Embodiment 2 (upon horizontal ink ejection). As with FIG.
6, the head unit 301 is provided with a plurality of nozzles
3030 that eject ink. The nozzles 3030 provided in the head
unit 301 are aligned in a row. Referring to FIG. 9, nozzle
groups as, ag, a5 and ag are arranged to correspond to areas of
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the openings 17 other than the reduced-width areas 21a.
Nozzles b,, bs and b, are arranged respectively to correspond
to the lines 1,, 15 and I passing through the reduced-width
areas 21a and the concavities 8. Nozzles c,, c5 and ¢, are
arranged respectively to correspond to the lines L, Is' and I'
passing through both of the reduced-width areas 21a and 215.
Therefore, every nozzle 3030 is adjusted to pass over the
openings 17 including the reduced-width areas 21a and 215,
or over the concavities 8. That is to say, there are no nozzles
3030 that are set not to eject the ink. Consequently, clogging
of'the nozzles can be effectively prevented as in Embodiment
1.

[0169] With the structure pertaining to Embodiment 1, the
number of nozzles used to eject the ink into each opening 17
(including the reduced-width area 21a) is six, as shown in
FIG. 6. In contrast, with the structure pertaining to the present
embodiment, the number of nozzles used to eject the ink into
each opening 17 (including the reduced-width areas 21a and
21b) is seven, as shown in FIG. 9. Hence, the present embodi-
ment further increases the number of nozzles used to eject the
ink into each opening 17. By increasing the number of
nozzles used to eject the ink drops into each opening 17, it is
possible to suppress the increase in the amount of ink drops
ejected from each of the nozzles other than the unusable
nozzles. In this way, the total amount of ink drops ejected into
each opening 17 is easily maintained, and the burden on the
nozzles other than the usable nozzles can be further allevi-
ated.

[0170] Although not particularly illustrated in the draw-
ings, as with Embodiment 1, the present embodiment also
offers the advantageous effect of preventing clogging of the
nozzles in the case of vertical ink ejection by adjusting the
angle formed between the lengthwise direction of the head
unit 301 and the row direction.

[0171] Furthermore, in the present embodiment, in either
case of horizontal ink ejection or vertical ink ejection, the
concentration of solvent vaporized from the entire panel is
uniform. Accordingly, the present embodiment can suppress
unevenness in light emission in the row and column direc-
tions, unevenness in light emission across the surface, etc.,
and offers excellent image display performance as compared
to conventional techniques.

MODIFICATION EXAMPLES

[0172] (1) In the above embodiments, each contact hole is
distanced in the row direction from a virtual line passing
through the centers of the corresponding column of openings,
and each reduced-width area is formed to extend toward an
area opposite to the corresponding contact hole with respect
to such a virtual line. However, the present invention is not
limited in this way. For example, as shown in FIGS. 10A, 10B
and 10C, each contact hole 5 may be positioned on a virtual
line passing through the centers of the corresponding column
ofopenings 17, and each of the reduced-width areas 22a, 225,
and 22¢ may be arranged on an area that is adjacent in the row
direction to the corresponding contact hole 5.

[0173] (2) In the above embodiments, each reduced-width
area 21a extends in the column direction so as to be adjacent
in the row direction to the corresponding contact hole. How-
ever, in the present invention, the area of light emission can be
enlarged as long as each reduced-width area 22a extends,
evenifonly slightly, towards an area that is adjacent in the row
direction to the corresponding contact area, as shown in the
example of FIG. 10A.
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[0174] (3) Embodiment 2 has introduced the structure in
which each opening includes two reduced-width areas that
respectively extend in two different directions toward two
adjacent openings. Alternatively, as shown in FIG. 10B, each
opening may include two reduced-width areas that both
extend in the same direction toward one adjacent opening so
as to avoid the corresponding contact hole. Alternatively, as
shown in FIG. 10C, each opening may include two reduced-
width areas that respectively extend in two different direc-
tions toward two adjacent openings so as to avoid the corre-
sponding contact hole. Either of the configurations shown in
FIGS. 10B and 10C can enlarge the area of light emission as
compared to conventional configurations.

[0175] (4) The shape of the openings may be selected from
various types of shapes. The shapes of the openings illustrated
in FIGS. 10A to 10C are merely examples. It should be
naturally appreciated that the openings may have a shape
other than the shapes illustrated in FIGS. 10A to 10C.
[0176] (5) FIG. 1 shows the structure in which the layers
ranging from the TFT layer 2 to the upper electrode 14 are
layered on the substrate 1. However, in the present invention,
one or more of these layers may not be provided, or other
layers (e.g., a transparent conductive layer) may be addition-
ally provided.

[0177] (6) In the process of FIG. 3E, ink drops 19 for the
hole transport layers are not ejected into the concavities 8.
Alternatively, in the present invention, the ink drops 19 for the
hole transport layers may be ejected into the concavities 8 as
well, so as to form organic layers made of the same material
as the hole transport layers in the concavities 8. This makes
the concentration of solvent vaporized from the ink for the
hole transport layers uniform, thus forming the hole transport
layers 10 having a uniform thickness. Furthermore, ink drops
18 for the organic light-emitting layers may not be ejected
into the concavities 8 in the process of FIG. 4B.

[0178] (7) The concavities, which are formed as a result of
portions of the bank sinking into the contact holes, are not
essential constituent elements in the present invention. For
example, enlargement of the area of each opening is not
influenced by a configuration in which such portions of the
bank corresponding to the concavities are filled with the
material of the bank.

[0179] [Display Device]

[0180] FIG. 11 is an external perspective view of a display
device 400. The display device 400 comprises one of (i) an
organic EL display panel 100 pertaining to one embodiment
of the present invention, (ii) an organic EL display panel
100A pertaining to another embodiment of the present inven-
tion, and (iii) an organic EL display panel pertaining to any of
the modification examples. With the above structure, the dis-
play device 400 serves as an organic EL display device that
can achieve the above-described advantageous effects.

INDUSTRIAL APPLICABILITY

[0181] The organic EL display panel of the present inven-
tion is suitable as a display equipped in various types of
display devices, television devices, mobile electronic
devices, etc. for home use, public use, or business use.

[0182] [Reference Signs List]
[0183] 1 substrate

[0184] 2 TFT layer

[0185] 3 power supply electrode
[0186] 4 planarizing film

[0187] 5 contact hole
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[0188]
[0189]
[0190]
[0191]
[0192]
[0193]
[0194]
[0195]
[0196]
[0197]
layer

[0198]
[0199]
[0200]
[0201]
[0202]
[0203]
[0204]
[0205]
[0206]
[0207]
[0208]
[0209]
[0210]
[0211]
[0212]
[0213]
[0214]
[0215]
[0216]
[0217]
[0218]
[0219]
[0220]
[0221]
[0222]
[0223]
[0224]
[0225]
[0226]
[0227]
[0228]
[0229]
[0230]
[0231]

13

6 lower electrode

7 bank

8 concavity

9 hole injection layer

10 hole transport layer

11 organic light-emitting layer

12 electron transport layer

13 electron injection layer

14 upper electrode

16 organic layer made of material of light-emitting

17 opening

17a first side

17b second side

18 drops of ink for organic light-emitting layer
19 drops of ink for hole transport layer
20 inkjet table

21a reduced-width area

215 reduced-width area

22a reduced-width area

22b reduced-width area

22c¢ reduced-width area

30 inkjet head

100, 100A organic EL display panel
200 base

210 gantry unit

220 movable member

301 head unit

302 body

400 display device

500 organic EL display panel
500A application target substrate
1000 inkjet device system

51 substrate

52 TFT layer

53 power supply electrode

54 planarizing film

55 contact hole

56 lower electrode

57 bank

58 organic light-emitting layer
59 upper electrode

60 opening

62 head unit

620 nozzle

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

preparing a substrate;

forming a TFT layer on the substrate;

forming a planarizing film above the TFT layer;

providing a plurality of contact holes in the planarizing film
such that the contact holes penetrate the planarizing
film;

arranging a plurality of lower electrodes in a matrix above
the planarizing film in such a manner that the TFT layer
and the lower electrodes are brought into conduction via
the contact holes, the lower electrodes corresponding
one-to-one to pixel units;

forming, above the planarizing film, a bank defining a
plurality of openings corresponding one-to-one to the
lower electrodes;

forming organic light-emitting layers in the openings in
one-to-one correspondence; and
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forming an upper electrode above the organic light-emit-

ting layers, wherein the bank is formed such that

each contact hole is positioned between a corresponding
pair of the openings adjacent in a column direction,
and

at least one of opposing sides of any pair of the openings
adjacent in the column direction includes a reduced-
width area that (i) is reduced in width in a row direc-
tionand (ii) extends in the column direction so as to be
adjacent in the row direction to a corresponding one of
the contact holes,

the organic light-emitting layers are formed by (i) causing

a plurality of nozzles provided in an inkjet head to eject
drops of ink into each opening, the ink containing one or
more solvents and one or more organic materials to
constitute the organic light-emitting layers, and (ii) dry-
ing the one or more solvents by evaporation, and

in the step of forming the organic light-emitting layers,

the inkjet head is positioned so that the nozzles are
aligned in the column direction,

while the inkjet head is being moved in the row direc-
tion, every one of the nozzles is set to eject the drops
of ink by (i) causing predetermined nozzles that pass
over the contact holes to eject the drops of ink into the
reduced-width area of each opening, the predeter-
mined nozzles being included among the nozzles, and
(ii) causing the rest of the nozzles other than the
predetermined nozzles to eject the drops of ink into an
area of each opening excluding the reduced-width
area thereof, and

as to any pair of the openings adjacent in the column
direction, a column-direction gap between opposing
edges of the reduced-width area of one opening and
the other opening is smaller than a column-direction
gap between any pair of the nozzles adjacent in the
column direction.

2. The method according to claim 1, wherein
the bank is formed such that

said opposing side of the other opening includes a
reduced-width area that is reduced in width in the row
direction,

as to any pair of the openings adjacent in the column
direction, the reduced-width area of one opening
extends in the column direction past the correspond-
ing contact hole so as to be partially adjacent in the
row direction to the reduced-width area of the other
opening, and

the direction in which each reduced-width area extends
alternates in the column direction.

3. The method according to claim 1, wherein
in the step of forming the bank, a plurality of concavities

are formed in portions of the bank as a result of the
portions sinking into the contact holes, and

in the step of forming the organic light-emitting layers, the

predetermined nozzles that pass over the contact holes
are caused to further eject the drops of ink into each
concavity.

4. The method according to claim 1 further comprising the
step of forming charge transport layers in the openings in
one-to-one correspondence, wherein

the step of forming the charge transport layers is performed

between the step of forming the bank and the step of
forming the organic light-emitting layers, and
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the charge transport layers are formed by (i) causing the
nozzles provided in the inkjet head to eject drops of
another ink into each opening, said another ink contain-
ing one or more solvents and one or more organic mate-
rials to constitute the charge transport layers, and (ii)
drying the one or more solvents by evaporation.
5. The method according to claim 4, wherein
in the step of forming the charge transport layers,
the inkjet head is positioned so that the nozzles are
aligned in the column direction, and
while the inkjet head is being moved in the row direc-
tion, every one of the nozzles is set to eject the drops
of said another ink by (i) causing the predetermined
nozzles that pass over the contact holes to eject the
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drops of said another ink into the reduced-width area
of each opening, and (ii) causing the rest of the
nozzles to eject the drops of said another ink into the
area of each opening excluding the reduced-width
area thereof.
6. The method according to claim 5, wherein
in the step of forming the bank, a plurality of concavities
are formed in portions of the bank as a result of the
portions sinking into the contact holes, and
in the step of forming the charge transport layers, the pre-
determined nozzles that pass over the contact holes are
caused to further eject the drops of said another ink into
each concavity.
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