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(7) ABSTRACT

Forming functional layers including functional material in
application regions by applying ink to the application
regions then drying the ink, which contains the functional
material, by causing nozzles to be scanned relative to the
substrate along the row direction while, among the nozzles,
only use-nozzles that are not selected as a defective nozzle
eject the ink, the nozzles being arranged in the column
direction over the substrate and including a nozzle selected
in advance as a defective nozzle. Among the nozzles, when
applying the ink, at least one reserve nozzle is present, a
reserve nozzle being a nozzle that is not one of the use-
nozzles, is not selected as the defective nozzle, passes over
the application region, and does not eject the ink.
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METHOD FOR MANUFACTURING
ORGANIC EL DISPLAY PANEL

TECHNICAL FIELD

[0001] The present invention relates to methods for manu-
facturing organic electroluminescence (EL) display panels
in which organic EL elements are arranged, and in particular
to methods for manufacturing organic EL display panels by
using inkjet methods.

BACKGROUND ART

[0002] Inan organic EL display panel in which organic EL
elements are arranged in a matrix on a substrate, light
emitted from organic EL elements is used as pixels to
display an image.

[0003] An organic EL element has a structure in which a
functional layer including a functional material, for example
an organic light-emitting layer including an organic light-
emitting material, is sandwiched between a pair of elec-
trodes. Aside from an organic light-emitting layer, a func-
tional layer may be a hole or electron injection layer, a hole
or electron transport layer, a hole or electron blocking layer,
a buffer layer, etc., the function of which may be determined
by a functional material contained within and by a relation-
ship with an adjacent layer.

[0004] Methods of forming such layers are broadly sepa-
rated into dry processes such as vacuum deposition and wet
processes such as inkjet printing. A wet process is a method
using an ink in which a functional material is contained in
an organic solvent, and when considering formation accu-
racy and cost of a functional layer, is regarded as a technique
suitable for high resolution and large sizes of organic EL
display panels. In particular, among wet processes, devel-
opment is progressing in inkjet methods in which ink is
ejected onto an application region where a functional layer
is formed while a nozzle capable of ejecting ink as minute
droplets is caused to scan along a top surface of the substrate
(for example, see Patent Literature 1).

[0005] In such an inkjet method, a plurality of nozzles
aligned in a row are used for production efficiency, but as
resolution and size of display panels increase, the number of
nozzles used reaches several tens of thousands. Among this
large number of nozzles, adhesion of dried ink or foreign
matter may generate defective nozzles for which ink appli-
cation location or application amount deviates greatly from
set values and for which correction is impossible. In the case
of a defective nozzle, a supplementary method is used in
which ink ejection from the defective nozzle is not per-
formed, and an application amount from a neighboring
nozzle is used instead. For example, there is a method of
increasing the number of times ink is applied to the same
application region by a nozzle adjacent to a defective nozzle
(for example, see Patent Literature 2).

CITATION LIST

[Patent Literature]

[0006]
[0007]

[Patent Literature 1] JP 2004-362818
[Patent Literature 2] JP 2011-18632
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SUMMARY OF INVENTION

[Technical Problem]

[0008] The number of times each nozzle can apply ink to
the same application region is increasingly limited as reso-
lution of display panels increases. Accordingly, as disclosed
in Patent Literature 2, for example, there is a corresponding
limit to the method of increasing the number of times a
nozzle adjacent to a defective nozzle applies ink to an
application region.

[0009] Here, a method may be considered of shortening
the shortest ejection interval of nozzles to increase the
number of times ink can be applied to one application region
of one nozzle, but this method leads to a decrease in
manufacturing efficiency or a great change in manufacturing
processes. Further, a method may be considered of increas-
ing an amount of ink ejected at one time from a nozzle other
than a defective nozzle, in accordance with the number of
occurrences of defective nozzles, but such a method makes
control of nozzles complex.

[0010] Thus, an object of the present invention is to
provide a method for manufacturing an organic EL display
panel that can supplement a decrease in ink application
amount due to occurrence of a defective nozzle by a method
that is simple and suppresses a decrease in manufacturing
efficiency.

[Solution to Problem]

[0011] A method for manufacturing an organic EL display
panel pertaining to one aspect of the present invention is a
method comprising: preparing a substrate; forming first
electrodes on the substrate in a matrix in which a row
direction and a column direction are determined; forming
banks on the substrate that partition the first electrodes into
columns, each column extending along the column direction
and each region between adjacent ones of the banks being an
application region, thereby forming application regions
between adjacent ones of the banks, the application regions
being aligned along the row direction; forming functional
layers including functional material in the application
regions by applying ink to the application regions then
drying the ink, which contains the functional material, by
causing nozzles to be scanned relative to the substrate along
the row direction while, among the nozzles, only use-
nozzles that are not selected as a defective nozzle eject the
ink, the nozzles being arranged in the column direction over
the substrate and including a nozzle selected in advance as
a defective nozzle; and forming a second electrode covering
the functional layers, wherein among the nozzles, when
applying the ink, at least one reserve nozzle is present, a
reserve nozzle being a nozzle that is not one of the use-
nozzles, is not selected as the defective nozzle, passes over
the application region, and does not eject the ink.

[Advantageous Effects of Invention]

[0012] According to the method for manufacturing an
organic EL display panel pertaining to the aspect above,
even if a defective nozzle occurs among the nozzles, a
decrease in ink application amount can be supplemented by
changing a reserve nozzle to a use-nozzle. In other words,
according to the manufacturing method, a decrease in ink
application amount due to occurrence of a defective nozzle
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can be supplemented by a method that is simple and sup-
presses a decrease in manufacturing efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a block diagram showing an overall
configuration of an organic EL display device 1.

[0014] FIG. 2 is a schematic plan view of an enlargement
of a portion of an image display surface of an organic EL
display panel 10.

[0015] FIG. 3A is a schematic cross section along an X-X
line in FIG. 2, and FIG. 3B is a schematic cross section along
a Y-Y line in FIG. 2.

[0016] FIG.4A,FIG. 4B, and FIG. 4C are schematic cross
sections showing manufacturing processes for the organic
EL display panel 10; FIG. 4A showing formation of a first
electrode and a hole injection layer; FIG. 4B showing
formation of a pixel restriction layer; and FIG. 4C showing
formation of banks.

[0017] FIG.SA,FIG. 5B, and FIG. 5C are schematic cross
sections showing manufacturing processes for the organic
EL display panel 10; FIG. 5A showing ink application in
formation of a hole transport layer; FIG. 5B showing ink
drying in formation of the hole transport layer; and F1G. 5C
showing formation an organic light-emitting layer.

[0018] FIG. 6A, FIG. 6B, and FIG. 6C are schematic cross
sections showing manufacturing processes for the organic
EL display panel 10; FIG. 6A showing formation of an
electron transport later; FIG. 6B showing formation of a
second electrode; and FIG. 6C showing formation of a thin
film sealing layer.

[0019] FIG. 7 is a schematic perspective view showing an
inkjet device 100.

[0020] FIG. 8 is a schematic bottom view of a nozzle head
122.
[0021] FIG. 9 is a schematic cross section of a sub head
124.
[0022] FIG. 10A and FIG. 10B are schematic plan views

for describing ink application; FIG. 10A is for describing a
state prior to defective nozzle occurrence; and FIG. 10B is
for describing a state after defective nozzle occurrence.
[0023] FIG. 11 is a schematic plan view for describing
nozzle inspection.

[0024] FIG. 12 is a schematic plan view for describing
nozzle supplement setting.

[0025] FIG. 13 is a schematic plan view for describing
initial nozzle setting pertaining to a modification.

[0026] FIG. 14 is a schematic plan view for describing
initial nozzle setting pertaining to a modification.

[0027] FIG. 15 is a schematic plan view of an enlargement
of a portion of an image display surface of an organic EL
display panel 30.

[0028] FIG. 16 is a schematic plan view of an enlargement
of a portion of an image display surface of an organic EL
display panel 40.

[0029] FIG. 17A and FIG. 17B are schematic plan views
for describing ink application; FIG. 17A is for describing a
state prior to defective nozzle occurrence; and FIG. 17B is
for describing a state after defective nozzle occurrence.
[0030] FIG. 18A and FIG. 18B are schematic plan views
for describing ink application; FIG. 18A is for describing a
state prior to defective nozzle occurrence; and FIG. 18B is
for describing a state after defective nozzle occurrence.
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DESCRIPTION OF EMBODIMENTS

<Developments That Led to One Aspect of the Present
Invention>

[0031] As stated above, according to an inkjet method, ink
is applied to a substrate by using several tens of thousands
of nozzles. In this case, if nozzle maintenance (nozzle
cleaning, ink replacement) is performed when a certain
degree of small scale nozzle defects occurs, maintenance
time increases, and manufacturing efficiency is decreased.
Thus, typically, when defective nozzles occur on a small
scale, ink ejection from defective nozzles is stopped and ink
application to the substrate is continued. However, when ink
ejection from defective nozzles is simply stopped, ink appli-
cation amount decreases, ink application unevenness occurs,
and wetting defects occur. Thus, in this case, it is necessary
to supplement a decrease in ink application amount caused
by defective nozzle occurrence. An example of such a
supplement method is described using FI1G. 17A and FIG.
17B. FIG. 17A and FIG. 17B are schematic plan views for
describing ink application; FIG. 17A is for describing a state
prior to defective nozzle occurrence; and FI1G. 17B is for
describing a state after defective nozzle occurrence.

[0032] In FIG. 17A and FIG. 17B, an application region
95a is formed as a region between banks 95 on a substrate,
and an insulating layer (pixel restriction layer) 94 that is
electrically insulating and lower than the banks 95 is formed
in the application region 95a. A plurality (10 in FIG. 17A
and FIG. 17B) of nozzles 925 that eject ink are arranged in
a row across the diagram, and ink is applied to the appli-
cation region 95a by ejecting ink from the nozzles 925 while
the nozzles 925 move from top to bottom of the diagram. Ink
application locations 965 that result from ejection by the
nozzles 925 are indicated by hatched circles in the applica-
tion region 95a. The application locations 965 do not
indicate a wet state after ink application, but only locations
of application. That is, ink applied to the application loca-
tions 965 flows to fill the application region 954, uniformly
wetting the application region 95a.

[0033] Each of the nozzles 925 is assumed to capable of
ejecting ink three times into the application region 95a. That
is, in the range of the application region 954 shown in FIG.
17A and FIG. 17B, 30 locations exist to which the nozzles
925 can apply ink. Note that the number of times each of the
nozzles 925 can eject ink into the application region 95a is
determined by a relationship between a minimum ejection
interval of the nozzles 925 and spacing between adjacent
ones of the banks 95.

[0034] Of these 30 possible ink application locations, the
nozzles 925 only eject ink to the application locations 964,
which are pre-determined. That is, non-application locations
96¢ exist in the application region 954, to which application
is possible but the nozzles 925 do not eject ink, and these are
indicated by circles with dotted outlines and no hatching.
[0035] Here, a case is considered in which defective
nozzles 925B occur among the nozzles 925 (indicated by a
cross), and a portion of the application locations 965 become
additional non-application locations 964 (indicated by a
cross). More specifically, in FIG. 17B, two defective nozzles
925B occur, and four application locations 965 become
additional non-application locations 964 When defective
nozzles 925B occur and additional non-application locations
964 increase in such a way, an amount of ink applied to the
application region 95a decreases.
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[0036] However, in FIG. 17B, the number of applications
from other ones of the nozzles 925 is increased and four
non-application locations 96¢ become alternative ejection
locations 96e¢ according to a supplement setting, thereby
supplementing the decrease in ink application amount. As
stated above, ink can flow within the application region 954,
and therefore even if the additional non-application loca-
tions 964 and the alternative ejection locations 96e are
different locations, occurrence of application unevenness
and wetting defects can be suppressed.

[0037] However, progress is being in increasing resolution
of organic EL display panels and accordingly, application
regions are becoming smaller. FIG. 18A and FIG. 18B are
schematic plan views for describing ink application in a high
resolution organic EL display panel; FIG. 18A is for describ-
ing a state prior to defective nozzle occurrence; and FIG.
18B is for describing a state after defective nozzle occur-
rence.

[0038] In FIG. 18A and FIG. 18B, like in FIG. 17A and
FIG. 17B, an application region 951a is formed as a region
between banks 951, and an insulating layer (pixel restriction
layer) 941 is formed in the application region 951a. How-
ever, in FIG. 18A and FIG. 18B, compared with FIG. 17A
and F1G. 17B, spacing between the banks 951 is smaller, and
each of the nozzles 925 can only eject ink once in the
application region 95a. Therefore, as shown in FIG. 18A,
the nozzles 925 cannot secure the non-application locations
96¢ according to the method of ink application described
with reference to FIG. 17A and FIG. 17B.

[0039] Accordingly, when defective nozzles 925B occur,
as shown in FIG. 18B, alternative ejection locations 96e
cannot be set for the additional non-application locations
964. Accordingly, a decrease in ink application amount due
to defective nozzles 925B cannot be supplemented.

[0040] In response to such a problem, a method may be
considered of increasing the number of times ink can be
applied from each nozzle into the application region, by
shortening the shortest ejection interval of nozzles according
to spacing of banks. The shortest ejection interval of nozzles
is determined by scanning speed of the nozzles over the
substrate, and a maximum ejection frequency of the nozzles.

[0041] However, reducing nozzle scanning speed corre-
sponds to increasing time required for ink application, and
is not desirable in terms of manufacturing efficiency. Fur-
ther, increasing maximum ejection frequency of nozzles can
cause a decrease in application accuracy and deterioration in
ink exhaustion, and therefore it becomes necessary to make
substantial changes in manufacturing processes such as
increasing inkjet device performance and improving ink.

[0042] Further, as a method other than shortening the
shortest ejection interval of nozzles, a method may be
considered of increasing an amount of ink ejected at one
time from nozzles other than defective nozzles. However,
according to a method of changing an amount of ink ejected
each time a defective nozzle occurs, nozzle control becomes
complex—in addition to increasing management for each
nozzle, it becomes necessary to adjust application locations
and shortest ejection intervals according to ejection
amounts, for example.

[0043] In view of the above, the inventors of the present
application arrived at a method for manufacturing an organic
EL display panel that is one aspect of the invention
described below, which supplements a decrease in ink
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application due to occurrence of a defective nozzle by a
simple method that also suppresses a decrease in manufac-
turing efficiency.

<Summary of One Aspect of the Present Invention>

[0044] The manufacturing method for manufacturing an
organic EL display panel pertaining to one aspect of the
present invention is a method comprising: preparing a
substrate; forming first electrodes on the substrate in a
matrix in which a row direction and a column direction are
determined; forming banks on the substrate that partition the
first electrodes into columns, each column extending along
the column direction and each region between adjacent ones
of the banks being an application region, thereby forming
application regions between adjacent ones of the banks, the
application regions being aligned along the row direction;
forming functional layers including functional material in
the application regions by applying ink to the application
regions then drying the ink, which contains the functional
material, by causing nozzles to be scanned relative to the
substrate along the row direction while, among the nozzles,
only use-nozzles that are not selected as a defective nozzle
eject the ink, the nozzles being arranged in the column
direction over the substrate and including a nozzle selected
in advance as a defective nozzle, and forming a second
electrode covering the functional layers, wherein among the
nozzles, when applying the ink, at least one reserve nozzle
is present, a reserve nozzle being a nozzle that is not one of
the use-nozzles, is not selected as the defective nozzle,
passes over the application region, and does not eject the ink.
[0045] According to the manufacturing method, even if a
defective nozzle occurs among the nozzles, a decrease in ink
application amount can be supplemented by changing a
reserve nozzle to a use-nozzle. In other words, according to
the manufacturing method, a decrease in ink application
amount due to occurrence of a defective nozzle can be
supplemented by a method that is simple and suppresses a
decrease in manufacturing efficiency.

[0046] Further, according to a manufacturing method for
manufacturing an organic EL display panel pertaining to
another embodiment of the present invention, when apply-
ing the ink, a maximum number of ¢jections of the ink for
each use-nozzle for each of the application regions is one.
According to this manufacturing method, high manufactur-
ing efficiency and high quality is possible even for a high
resolution organic EL display panel.

[0047] Further, according to a manufacturing method for
manufacturing an organic EL display panel pertaining to
another embodiment of the present invention, when forming
the application regions, sub-banks are formed in the col-
umns of the first electrodes, partitioning the columns of the
first electrodes so that each region surrounded by adjacent
ones of the banks and adjacent ones of the sub-banks is an
application region, the application regions being aligned
along the row direction and along the column direction.
According to this manufacturing method, by forming the sub
banks, even if ink flows over the bank to an application
region adjacent in the row direction during ink application,
the ink cannot flow over the sub hank, reducing a range in
which color mixing occurs.

[0048] Further, according to a manufacturing method for
manufacturing an organic EL display panel pertaining to
another embodiment of the present invention, when apply-
ing the ink, at least one reserve nozzle passes over each of
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the application regions aligned along the column direction.
According to this manufacturing method, reserve nozzles
are present for each application region partitioned by the sub
banks, and therefore a decrease in ink application amount
can be supplemented when a defective nozzle occurs over
any of the application regions.

[0049] Further, according to a manufacturing method for
manufacturing an organic EL display panel pertaining to
another embodiment of the present invention, the nozzles
are disposed on sub heads, each of the sub heads being
elongated in a direction intersecting the row direction, and
the sub heads are disposed on a nozzle head that is elongated
in the column direction, and are rotatable relative to the
nozzle head on a plane parallel to the row direction and the
column direction. According to this manufacturing method,
an interval (pitch) between nozzles arranged along the
column direction can be adjusted when applying ink by
rotation of the sub heads relative to the nozzle head.

[0050] Further, according to a manufacturing method for
manufacturing an organic EL display panel pertaining to
another embodiment of the present invention, the method
comprises: forming functional layers including functional
material in application regions on a substrate by performing
ink application, applying ink containing the functional mate-
rial to the application regions according to an inkjet method
performed sequentially on a sequence of substrates, by
ejecting the ink from nozzles while the nozzles are scanned
above and relative to a top surface of the substrate, the
nozzles being arranged in a column direction over the
substrate; according to the inkjet method, initial nozzle
setting is performed prior to the ink application, and nozzle
supplement setting is performed each time the ink applica-
tion is completed for a certain number of the substrates; the
initial nozzle setting inspecting the nozzles and setting a
nozzle for which an inspection result falls outside use
criteria as a defective nozzle, and setting, among the nozzles,
among nozzles that are not selected as a defective nozzle and
that do pass over the application regions during the ink
application, one or more use-nozzles that eject the ink during
the ink application and one or more reserve nozzles that do
not eject the ink during the ink application; the nozzle
supplement setting inspecting the nozzles and changing a
use-nozzle for which an inspection result fails outside use
criteria to a defective nozzle, and maintaining a constant
number of use-nozzles before and after the nozzle supple-
ment setting by changing a number of reserve nozzles to
use-nozzles according to a number of use-nozzles changed
to defective nozzles.

[0051] According to this method, decrease in ink applica-
tion amount due to occurrence of a defective nozzle can be
supplemented by a method that is simple and suppresses a
decrease in manufacturing efficiency.

[0052] Further, according to a method for manufacturing
an organic EL display panel pertaining to another embodi-
ment of the present invention, in the inspecting of the
nozzles in the initial nozzle setting and in the nozzle
supplement setting, a planar inspection region is disposed
below the nozzles, the nozzles eject the ink to the planar
inspection region while the nozzles are scanned relative to
the planar inspection region, and an ink state of the ejected
ink on the planar inspection region is inspected. According
to this method, ejection accuracy of each nozzle can be
evaluated from an application state of a plurality of nozzles.
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[0053] Further, according to a method for manufacturing
an organic EL display panel pertaining to another embodi-
ment of the present invention, in the initial nozzle setting, a
plurality of the reserve nozzles are set at regular intervals.
According to this method, variation in minimum distance
from a position of a defective nozzle occurring after initial
nozzle setting to a reserve nozzle can be suppressed, and
variation in ink application thickness in an application
region can be suppressed.

[0054] Further, according to a method for manufacturing
an organic EL display panel pertaining to another embodi-
ment of the present invention, a plurality of electrodes are
arranged in one column in the application regions, and the
regular intervals are equal to or less than a distance between
centers of adjacent ones of the electrodes. According to this
method, at least one reserve nozzle passes over each of the
first electrodes. Thus, even if a defective nozzle occurs after
initial nozzle setting, a reserve nozzle exists among the
nozzles that pass over the same first electrode, and therefore
variation in ink application thickness can be further sup-
pressed.

[0055] Further, according to a method for manufacturing
an organic EL display panel pertaining to another embodi-
ment of the present invention, in the nozzle supplement
setting, a reserve nozzle closest to a nozzle changed from a
use-nozzle to a defective nozzle is changed to a use-nozzle.
According to this method, variation in ink application thick-
ness in an application region can be suppressed.

[0056] Further, according to a method for manufacturing
an organic EL display panel pertaining to another embodi-
ment of the present invention, in the nozzle supplement
setting, a reserve nozzle for which an inspection result falls
outside use criteria is changed to a defective nozzle. Accord-
ing to this method, a reserve nozzle for which ink ejection
accuracy has decreased since initial nozzle setting is
removed as a candidate for a use-nozzle.

[0057] Further, according to a method for manufacturing
an organic EL display panel pertaining to another embodi-
ment of the present invention, in the nozzle supplement
setting a priority order is assigned to reserve nozzles accord-
ing to inspection results, and among two or more reserve
nozzles close to a nozzle changed from a use-nozzle to a
defective nozzle a reserve nozzle with a highest priority is
changed to a use-nozzle. According to this method, in ink
application after nozzle supplement setting, a nozzle with a
higher ejection accuracy can be used, suppressing occur-
rence of defective ink application and application uneven-
ness.

[0058] Further, according to a method for manufacturing
an organic EL display panel pertaining to another embodi-
ment of the present invention, in the nozzle supplement
setting, a defective nozzle for which an inspection result
falls within use criteria is changed to a reserve nozzle.
According to this method, a number of reserve nozzles is
increased, which can extend a period until reserve nozzles
become insufficient.

[0059] Further according to a method for manufacturing
an organic EL display panel pertaining to another embodi-
ment of the present invention, in a case of insufficient
numbers of reserve nozzles in the nozzle supplement setting,
maintenance is performed on the nozzles, and after the
maintenance, the initial nozzle setting is performed. Accord-
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ing to this method, ejection accuracy of defective nozzles
can be increased, and when reserve nozzles can be secured,
ink application can restart.

[0060] In the present application, the terms “above” and
the like do not refer to upwards (vertically upwards) in
absolute space, but define position relative to a layered
structure of the organic EL display panel, based on layer
order. More specifically, in the organic EL display panel, a
direction perpendicular to a main surface of a substrate and
from the substrate towards layers thereon is defined as an
upward direction.

[0061] Further, for example, when a term such as “on a
substrate” is used, it is assumed to indicate not only a region
directly above the substrate, but also to include a region
above the substrate with a layer therebetween.

EMBODIMENT

[0062] The following describes a method for manufactur-
ing an organic EL display panel pertaining to one aspect of
the present invention, with reference to the drawings. Note
that the drawings are schematic, and dimensions, vertical to
horizontal ratios, etc., may differ from actual implementa-
tion. Further, in the present application, plan view diagrams
and plan view photographs are diagrams and photographs of
objects viewed from vertically above, and in the case of the
organic EL display panel, the diagrams and photographs are
from a view vertically above a substrate top surface. Further,
a planar shape refers to a shape appearing in a plan view
diagram or plan view photograph.

1. Overall Configuration of Organic EL Display Device 1

[0063] FIG. 1 is a block diagram showing an overall
configuration of an organic EL display device 1. The organic
EL display device 1 is a display device used, for example,
in televisions, personal computers, portable terminals, and
commercial displays (electronic billboards, large screens for
commercial facilities). The organic EL display device 1
includes an organic EL display panel 10 and a drive/control
20 electrically connected thereto.

[0064] The organic EL display panel 10 (hereinafter,
“panel 10”) is a top-emission display panel, which is an
image display surface having a rectangular top surface, for
example. As shown in FIG. 1, for the purpose of following
description, a direction along a long edge of the top surface
of the panel 10 is an X direction and a direction along a short
edge of the top surface of the panel 10 is a Y direction. In
the panel 10, organic EL elements (not illustrated) are
arranged along the image display surface, light emitted from
the organic EL elements combining to display an image. The
panel 10, as an example, uses an active matrix.

[0065] The display/control 20 includes drive circuits 21
connected to the panel 10 and a control circuit 22 connected
to an external device such as a computer or a reception/
transmission device such as an antenna. The drive circuits 21
include a power supply circuit for supplying electric power
to organic EL elements, a signal circuit for applying a
voltage signal to control electric power supplied to the
organic EL elements, and a scanning circuit for switching a
position to which a voltage signal is applied at regular
intervals. The control circuit controls operation of the drive
circuits 21 in accordance with data that includes image
information, inputted from the external device or reception/
transmission device.
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[0066] InFIG. 1, as one example, four of the drive circuits
21 are arranged around the panel 10, but the drive/control 20
is not limited to this configuration, and number and position
of the drive circuits 21 can be changed as appropriate.

2. Panel 10

(1) Plane Configuration

[0067] FIG. 2 is a schematic plan view of an enlargement
of a portion of the image display surface of the organic EL
display panel 10. In the panel 10, as an example, sub pixels
SPR, SPG, SPG for emitting red, green, and blue light,
respectively, are arranged in a row and column matrix. The
sub pixels SPR, SPG, SPB alternate in the X direction along
the long edge of the panel 10, and a set of one each of the
sub pixels SPR, SPG, SPB make up one pixel P. In a pixel
P it is possible to express a full range of color by combining
gradation controlled luminance of emitted light of the sub
pixels SPR, SPG, SPB.

[0068] Further, in the Y direction along the short edge of
the panel 10, each column including only one of the sub
pixels SPR, the sub pixels SPG, or the sub pixels SPB makes
up a sub pixel column LR, a sub pixel column LG, or a sub
pixel column LB, respectively. Thus, across the panel 10, the
pixels P are arranged in a row and column matrix along the
X direction and the Y direction, and an image is displayed
on the image display surface by combining emitted colors of
the pixels P.

[0069] Organic EL elements for emitting red, green, and
blue light are formed in the sub pixels SPR, SPG, SPB,
respectively, and the sub pixels SPR, SPG, SPB emit light by
extraction from the image display surface of light emitted
from the organic EL elements. Light emission colors of the
sub pixels SPR, SPG, SPB may be the light emission colors
of the organic EL elements, and may be corrected by a color
filter from the light emission colors of the organic EL
elements.

[0070] In the panel 10, as an example, a line bank system
is adopted. That is, by forming banks 15 that separate
individual columns of the sub pixel columns LR, LG, LB,
application regions 154 are formed along the X direction as
regions between adjacent ones of the banks 15. The appli-
cation regions 15¢ are regions to which ink is applied when
a functional layer is formed by an inkjet method, described
later. According to a line bank system, the application
regions 15a are continuous along the sub pixel columns LR,
LG, LB, and therefore applied ink can flow along the Y
direction, decreasing film thickness unevenness of func-
tional layers.

[0071] In the panel 10, in the application regions 15a,
insulating layers (pixel restriction layers) 14 are formed that
insulate the sub pixels SPR, SPG, SPB, making it possible
for each of the sub pixels SPR, SPG, SPB to emit light
independently. In FIG. 2, the pixel restriction layer 14 is
represented by a dashed line, which indicates the pixel
restriction layer 14 is covered by a functional layer and not
directly visible in plan view.

(2) Cross Section Configuration

[0072] FIG. 3Ais a schematic cross section along an X-X
line in FIG. 2. FIG. 3B is a schematic cross section along a
Y-Y line in FIG. 2. FIG. 3A is centered on a cross section of
the sub pixel SPG and FIG. 3B shows only a cross section
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of the sub pixel column LG, but the sub pixels SPR, SPB and
the sub pixel columns LR, LB are also configured as shown
in FIG. 3A and FIG. 3B. Further, in FIG. 3A and FIG. 3B,
a direction towards the top of the diagram is a Z direction.

[0073] The panel 10 includes a substrate 11, first elec-
trodes 12, hole injection layers 13, pixel restriction layers
14, banks 15, hole transport layers 16A, organic light-
emitting layers 16B, an electron transport layer 17, a second
electrode 18, and a thin film sealing layer 19. Of these, the
hole transport layers 16A and the organic light-emitting
layers 16B are formed by an inkjet method described later.
Note that this layer structures is just an example, and layers
such as an electron injection layer, a blocking layer, and a
buffer layer may be added, and a portion of the layers above
may be omitted. Further, as in an electron injection transport
layer, one physical layer may have multiple functions.

a. Substrate 11

[0074] The substrate 11 is a support member of the panel
10. Although not illustrated, a thin film transistor (TFT)
layer is formed on a rectangular plate-shaped substrate body
of the substrate 11.

[0075] The substrate body is formed from an electrically
insulating material or a metal material such as aluminium or
stainless steel that is coated with an electrically insulating
material. The electrically insulating material may be a glass
material such as non-alkaline glass, soda glass, non-fluores-
cent glass, phosphate glass, borate glass, or silica glass.
Further, the electrically insulating material may be a resin
material such as acrylic resin, styrene resin, polycarbonate
resin, epoxy resin, polyethylene resin, polyester resin, poly-
imide resin, or silicone resin. Further, the electrically insu-
lating material may be a metal oxide material such as
aluminium oxide.

[0076] Organic EL elements may deteriorate due to reac-
tions with moisture, oxygen, or the like, and therefore the
substrate body preferably suppresses penetration of moisture
or oxygen into a lower portion of the organic EL elements
by use of a material having low moisture permeability, such
as glass or metal.

[0077] Further, when a resin material is used for the
substrate body, a top surface of the resin material is prefer-
ably coated with a thin film having a low moisture perme-
ability, such as silicon nitride, silicon oxynitride, or alu-
minium oxide.

[0078] The TFT layer is an electric circuit layer formed on
the substrate body, in which are arranged control circuits for
supplying electrical power, for example a power supply
circuit to supply power to an organic EL element. More
specifically, the TFT layer is a layered body including a
semiconductor layer, a conductive layer, and an electrically
insulating layer disposed on the substrate body, the layered
body forming electric circuit elements such as a TFT ele-
ment, a capacitor element, and wiring. Further, an interlayer
insulating layer (not illustrated) is formed in a top portion of
the TFT layer, planarizing a top surface of the substrate 11.

[0079] The semiconductor layer may be formed from a
general semiconductor material such as silicon, an oxide
semiconductor material such as indium-zinc-gallium oxide,
an organic semiconductor material having a m electron
conjugated system spread in a planar direction such as a
polycyclic aromatic compound, or the like. The conductive
layer may be formed from a metal material such as alu-
minium (Al), copper (Cu), or gold (Au), a carbon material
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such as graphite or carbon nanotube, a conductive oxide
material such as indium tin oxide

[0080] (ITO) or indium zinc oxide (IZO), or the like. The
electrically insulating layer may be formed from an inor-
ganic material such as silicon nitride, silicon oxide, silicon
oxynitride, or aluminium oxide, an organic material such as
acrylic resin, polyimide resin, silicone resin, or phenol resin,
or the like. The interlayer insulating layer is formed from an
electrically insulating material that can be patterned, for
example an organic material such as acrylic resin, polyimide
resin, silicone resin, or phenol resin.

[0081] Note that as a passivation layer other than the
interlayer insulating layer, a layer of a material such as
silicon nitride or aluminium oxide covering all electric
circuit elements of the TFT layer may be formed in the TFT
layer.

b. First Electrodes 12

[0082] The first electrodes 12 are electrodes arranged in a
row and column matrix in which row direction and column
direction are defined as the X direction and the Y direction,
respectively, and have a role of anodes supplying holes to
the organic light-emitting layers 16B. Each of the first
electrodes 12 defines a position of an organic EL element,
and is formed to correspond to a location of a sub pixel SPR,
SPG, SPB.

[0083] The first electrodes 12 may be formed from a metal
material such as Al, silver (Ag), molybdenum (Mo), tung-
sten (W), titanium (Ti), chromium (Cr), nickel (Ni), or zinc
(Zn). Further, the first electrodes 12 may be formed from an
alloy material combining such metal materials, or multilayer
structures in which a metal material and an alloy material are
layered. Further, for purposes of improving bonding
between the first electrodes 12 and the hole injection layers
13, and preventing oxidization of the first electrodes 12, a
layer made from a light-transmissive electrically conductive
oxide material such as ITO, IZO, or the like may be layered
to form a multilayer structure on a layer of the first elec-
trodes 12. Further, for purposes of suppressing erosion by
wet etching, diffusion of hydrogen to a lower layer, etc., a
barrier metal layer may be formed from a metal oxide such
as tungsten oxide as a bottom layer of the first electrodes.
[0084] Note that in terms of supplying holes, it is prefer-
able to use a material having a high work function for the
first electrodes 12. Further, in the case of the panel 10 being
a top-emission type, the first electrodes 12 are preferably
light-reflective.

c. Hole Injection Layers 13

[0085] Thehole injection layers 13 are a type of functional
layer, are formed on the first electrodes 12, and have a role
of reducing an energy barrier to supplying (injecting) holes
into the organic light-emitting layers 16B from the first
electrodes 12, thereby facilitating hole injection. In the panel
10, the hole injection layers 13 are formed one-to-one with
the first electrodes 12, and are disposed in a row and column
matrix on the substrate 11. The hole injection layers 13 are
formed using a material having appropriate ionization
energy as a functional material. For example, a metal oxide
material such as an oxide of Ag, Mo, Cr, W, Ni, vanadium
(V), iridium (Ir), or the like, poly(3.4-ethylenedioxythio-
phene) polystyrene sulfonate (PEDOT:PSS), or the like.

d. Pixel Restriction Layers 14

[0086] The pixel restriction layers 14, as shown in FIG.
3B, are electrically insulating layers formed to cover edges
of the first electrodes 12 and the hole injection layers 13, and
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are formed to be lower than the banks 15 in terms of height
(distance along the 7 direction) from the top surface of the
substrate 11. The pixel restriction layers 14 have a role of
improving electrical insulation between adjacent ones of the
sub pixels SPR, SPG, SPB (first electrodes 12) in the
application regions 15a. Further, the pixel restriction layers
14 suppress, by covering ends of the first electrodes 12,
shorts due to contact between the first electrodes 12 and the
second electrode 18.

[0087] Note that in the panel 10, as shown in FIG. 2, the
planar shape of the pixel restriction layers 14 covering the
ends of the first electrodes 12 and the hole injection layers
13 is curved. By forming the pixel restriction layers 14 in
this way, when the hole transport layers 16 A are formed, ink
easily spreads to edges of regions surrounded by the hole
injection layers 13, the pixel restriction layers 14, and the
banks 15, suppressing wetting failure.

[0088] The pixel restriction layers 14 may be formed from
an inorganic material such as silicon nitride, silicon oxide,
silicon oxynitride, or aluminium oxide, an organic material
such as acrylic resin, polyimide resin, or novalac-type
phenolic resin, or the like. Further, surfaces of the pixel
restriction layers 14 are preferably lyophilic with respect to
ink used when forming the hole transport layers 16A, such
that functional material contained in the ink spreads easily in
the application regions 15a.

e. Banks 15

[0089] The banks 15 partition columns of the first elec-
trodes 12 and the hole injection layers 13, each column
being aligned along the Y direction, thereby forming the
application regions 154, which are regions between adjacent
ones of the banks 15, aligned along the X direction. Here, the
banks 15 are linear, each extending in the Y direction as
shown in FIG. 2, forming so-called line banks.

[0090] Specifically, when forming the hole transport lay-
ers 16A and the organic light-emitting layers 16B, the banks
15 suppress flow of ink containing functional material out of
the application regions 15a. Further, the banks 15 have a role
of defining and electrically insulating the hole transport
layers 16A and the organic light-emitting layers 16B after
these layers are formed.

[0091] The banks 15 are formed from, for example, a
photosensitive resist material that is electrically insulating
and patternable by a photolithography method. Examples of
a photosensitive resist material include acrylic resin, poly-
imide resin, and novalac-type phenolic resin. The banks 15
may contain material other than photosensitive resist mate-
rial. Further, photosensitivity of the photosensitive resist
material may be a negative type in which solubility in a
developer is reduced by light exposure or a positive type in
which solubility in a developer is increased by light expo-
sure, but a negative type is preferable. Typically, when
exposed from above, a photosensitive region of a photosen-
sitive resist material tends to become an inverted tapered
shape with a wide upper portion and a narrow lower portion.
Accordingly, for a negative type in which a photosensitive
region remains, photosensitive resist material after develop-
ing has a shape close to an inverted taper, and can suppress
flow of ink over the banks 15.

[0092] Note that the banks 15 preferably have resistance to
organic solvents and heat from the method for manufactur-
ing the panel 10, described later. Further, in order to suppress
ink flow, surfaces of the banks 15 preferably have liquid
repellency. For example, by using a material containing a

Oct. 19, 2017

liquid repellent component for the banks 15, or by surface
treating the banks 15 to impart liquid repellency. As a liquid
repelling component, a fluorine compound or siloxane com-
pound may be used. Such a liquid repellant component may
be mixed into a photosensitive resist material 15P as an
independent material, for example, or may be contained in
a copolymer of the photosensitive resist material 15P, for
example.

[0093] Further, as a surface treatment to impart liquid
repellency, plasma treatment under a fluorine gas atmo-
sphere may be used, for example.

f. Hole Transport Layers 16A

[0094] The hole transport layers 16A are a type of func-
tional layer, are formed by drying ink applied to the appli-
cation regions 15a according to an inkjet method described
later, and have a role of improving transportability of holes
supplied from the first electrodes 12 to the organic light-
emitting layers 16B. In the panel 10 for which a line bank
system is adopted, the hole transport layers 16A extend in
the Y direction along the application regions 15a, and within
each of the application regions 154 the hole transport layers
16A are continuous across the first electrodes 12, the hole
injection layers 13, and the pixel restriction layers 14. That
is, in each of the pixel columns LR, LG, LB, the sub pixels
SPR, SPG, SPB therein share a common one of the hole
transport layers 16A.

[0095] The hole transport layers 16A are formed by using
an organic material that has a relatively high hole mobility.
Such materials include, for example, triazole derivatives,
oxydiazole derivatives, imidazole derivatives, polyarylal-
kane derivatives, pyrazoline derivatives, phenylenediamine
derivatives, arylamine derivatives, amino-substituted chal-
cone derivatives, oxazole derivatives, styrylanthracene
derivatives, fluorenone derivatives, hydrazone derivatives,
stilbene derivatives, porphyrin compounds, aromatic tertiary
amine compounds, styrylamine compounds, butadiene com-
pounds, polystyrene derivatives, triphenylmethane deriva-
tives, tetraphenyl benzene derivatives (all disclosed in JP
HS5-163488), and the like.

[0096] g. Organic Light-Emitting Layers 16B

[0097] The organic light-emitting layers 16B are a type of
functional layer and are formed by drying ink applied to the
application regions 15a by an inkjet method described later,
similar to that of the hole transport layers 16A. In the organic
light-emitting layers 16B, light emission (electrolumines-
cence) occurs due to recombination of hole and electrons
supplied from the first electrodes 12 and the second elec-
trode 18.

[0098] In the panel 10 for which a line bank system is
adopted, the organic light-emitting layers 16B extend in the
Y direction along the application regions 15a, similarly to
the hole transport layers 16 A, and completely cover the hole
transport layers 16 A in the application regions 15a. That is,
in each of the pixel columns LR, LG, LB, the sub pixels
SPR, SPG, SPB therein share a common one of the organic
light-emitting layers 16B. However, only portions of the
organic light-emitting layers 16B over the first electrodes 12
emit light, independently emitting light for each of the sub
pixels SPR, SPG, SPB.

[0099] As a functional material, the organic light-emitting
layers 16B are formed by using an organic light-emitting
material that emits light due to electroluminescence.
Examples of organic light-emitting materials include known
fluorescent and phosphorescent substances such as oxinoid
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compounds, perylene compounds, coumarin compounds,
azacoumarin compounds, oxazole compounds, oxadiazole
compounds, perinone compounds, pyrrolopyrrole com-
pounds, naphthalene compounds, anthracene compounds,
fluorene compounds, fluoranthene compounds, tetracene
compounds, pyrene compounds, coronene compounds, qui-
nolone compounds, azaquinolone compounds, pyrazoline
derivatives, pyrazolone derivatives, thodamine compounds,
chrysene compounds, phenanthrene compounds, cyclopen-
tadiene compounds, stilbene compounds, diphenyiquinone
compounds, styryl compounds, butadiene compounds,
dicyanomethylene pyran compounds, dicyanomethylene
thiopyran compounds, fluorescein compounds, pyrylium
compounds, thiapyrylium compounds, selenapyrylium com-
pounds, telluropyrylium compounds, aromatic aldadiene
compounds, oligophenylene compounds, thioxanthene com-
pounds, cvanine compounds, acridine compounds, metal
complexes of 8-hydroxyquinoline compounds, metal com-
plexes of 2-bipyridine compounds, complexes of a Schiff
salt and a group III metal, oxine metal complexes, fluores-
cent substances such as rare earth complexes (all described
in JP H5-163488), and the like. Further, for example, a
mixed layer of an organic compound doped with a fluores-
cent substance or phosphorescent substance described above
may be used. Note that in the panel 10, a three-color
application method is adopted in which the organic light-
emitting layers 16B include organic light-emitting materials
that emit red, green, and blue light in the sub pixel columns
LR, LG, LB, respectively, supporting full color display.

h. Electron Transport Layer 17

[0100] The electron transport layer 17 is a type of func-
tional layer, formed to cover all of the substrate 11 on which
the banks 15 and the organic light-emitting layers 16B are
formed, and has a role of improving transportability of
electrons supplied from the second electrode 18 to the
organic light-emitting layers 16B.

[0101] The electron transport layer 17 is formed by using
an organic material that has a relatively high electron
mobility. Such materials include, for example, nitro-substi-
tuted fluorenone derivatives. thiopyran dioxide derivatives,
diphenoquinone derivatives, perylene tetracarboxylic
derivatives, anthraquinodimethane derivatives, fluore-
nylidene methane derivatives, anthrone derivatives, oxadi-
azole derivatives, perinone derivatives, quinoline complex
derivatives (all described in JP H5-163488), phosphorus
oxide derivatives, triazole derivatives, triazine derivatives,
silole derivatives, dimesitylboron derivatives, triarylboron
derivatives, and the like.

1. Second Electrode 18

[0102] The second electrode 18 is an electrode covering a
functional layer and, in the panel 10, is formed over the
entirety of the substrate 11 to cover the electron transport
layer 17. The second electrode 18 has a role of a cathode
supplying electrons to the organic light-emitting layers 16B.

[0103] The second electrode 18 is formed from a light
transmissive electrically conductive material such as ITO or
170, or a layer made from a light transmissive electrically
conductive material, onto which a layer of a metal material
such as Ag, Au, Ni, Cu, Al, platinum (Pt), or palladium (Pd),
or an alloy of same, is layered.

[0104] Note that in terms of supplying electrons, it is
preferable to use a material having a low work function for
the second electrode 18. Further, in the panel 10, which is a
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top emission type, it is preferable to use a material that has
a high light transmittance of 80% or more for the second
electrode 18.

j- Thin Film Sealing Layer 19

[0105] The thin film sealing layer 19 is a layer formed to
cover the substrate 11 on which the elements from the first
electrodes 12 to the second electrode 18 are formed, and has
a role of suppressing exposure of the elements to moisture,
oxygen, and the like. The thin film sealing layer 19 is formed
from a material that has a low moisture permeability, for
example an inorganic material such as silicon nitride, silicon
oxynitride, carbon oxide, carbon nitride, aluminium oxide,
or the like. Further, in the panel 10, which is a top emission
type, it is preferable to use a material that has a high light
transmittance and a small difference in refractive index with
the second electrode 19 in the thin film sealing layer 19.
k. Other

[0106] In the panel 10, a sealing plate formed from a
material that has a low moisture permeability such as glass
may be disposed on the substrate 11 on which the above
elements are formed. At such a time. the substrate 11 and the
sealing plate are bonded to each other by, for example, an
adhesive layer made from a curable resin material. Thus,
penetration of moisture, oxygen, etc., to the organic EL
elements on the substrate 11 can be further suppressed.
[0107] Further, a color filter may be disposed on the
sealing plate in positions corresponding to the sub pixels
SPR, SPG, SPB. Thus, light emission colors of the sub
pixels SPR, SPG. SPB can be corrected. Further, a black
matrix may be disposed on the sealing plate in positions
corresponding to between the sub pixels SPR, SPG, SPB,
and a periphery region of the sealing plate. Thus, reflection
of external light on the image display surface of the panel 10
can be suppressed, and contrast in the image display surface
can be improved between the pixels P and other portions.
[0108] Note that the above is just one example of a cross
section configuration. As another example, the electron
transport layer 17 and the second electrode 18 as shown in
FIG. 3A are formed across a plurality of the application
regions 15a, but may be formed across all or part of the
application regions 154, or formed for each of the sub pixels
SPR, SPG, SPB. Further, for example, in FIG. 3A and FIG.
3B, the hole injection layers 13 are formed for each of the
sub pixels SPR, SPG, SPB, but may be formed for each of
the application regions 15a, or for a plurality of the appli-
cation regions 15a.

3. Method for Manufacturing Panel 10

(1) Overall Process

[0109] An overall process of the method for manufactur-
ing the panel 10, which is one aspect of the present inven-
tion, is first described below. FIG. 4A to FIG. 6C are
schematic cross sections showing processes in manufactur-
ing the panel 10. Note that the cross section shown in FIG.
4A to FIG. 6C corresponds to the cross section of the sub
pixel SPG in FIG. 3A. Further, the pixel restriction layer 14
shown without hatching in FIG. 4B and FIG. 4C is not
present in the cross section, but indicates a surface of the
pixel restriction layer 14 present further “behind” the cross
section.

a. Substrate Preparation

[0110] First, the substrate 11 is prepared. More specifi-
cally, a substrate main body is prepared from an electrically
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insulating material in a planar shape, and a TFT layer is
formed on the substrate main body. Forming the TFT layer
can be performed as follows.

[0111] First, a semiconductor material layer, a conductive
material layer, or an electrically insulating material layer,
patterned in a predefined shape is formed on the substrate
main body, and this is repeated to form a predefined electric
circuit. Depending on the material of a layer, the layer may
be formed by using a dry process such as vacuum deposi-
tion, electron beam evaporation, ion plating, air layer
growth, or the like, or by using a wet process such as
printing, spin coating, inkjet, dispensing, die coating, or the
like. Patterning of each layer may be performed by photo-
lithography, shadow masking, metal masking, or the like, or
by directly formed predefined shapes in the case of a wet
process. Further, each layer may be treated as required by
using plasma injection, ion injection, baking, or the like.
[0112] Subsequently, a passivation layer and an interlayer
insulating layer are formed in this order so as to over the
electric circuits. In forming the passivation layer and the
interlayer insulating layer, a dry process or a wet process can
be used, depending on material of the layer. Note that
openings (contact holes) are formed in the passivation layer
and the interlayer insulating layer at predefined positions, so
as to electrically connect TFT elements in the electric
circuits to the first electrodes 12. Patterning as described
above can be used in forming the contact holes.

b. Forming First Electrodes and Hole Injection Layers
[0113] Subsequently, the first electrodes 12 and the hole
injection layers 13 are formed on the substrate 11, in a row
column matrix in which the row direction and the column
direction are defined as the X direction and the Y direction,
respectively. For example, after a metal thin film is formed
on the substrate 11 by sputtering, a metal oxide thin film is
formed on the metal thin film by reactive sputtering. Sub-
sequently, after application of a photoresist material on the
metal oxide thin film, the photoresist material is patterned by
photolithography, leaving the photoresist material only in
regions in which sub pixels SPR, SPG, SPB are to be
formed, in a row column matrix in the X direction and the
Y direction. Subsequently, dry etching and wet etching are
performed in this order to etch the metal oxide thin film and
the metal thin film in locations where the photoresist mate-
rial is not disposed. Finally, the photoresist material on the
metal oxide thin film and residue is cleaned away.

[0114] This makes it possible to form the first electrodes
12 from the metal thin film, arranged in a row column matrix
along the X direction and the Y direction, and to form the
hole injection layers 13 from the metal oxide thin film,
layered on the metal thin film (FIG. 4A). In this way, by
etching the first electrodes 12 and the hole injection layers
13 at the same time, manufacturing processes can be made
more eflicient. Further, by patterning using the same pho-
toresist, alignment accuracy between the first electrodes 12
and the hole injection layers 13 is improved.

[0115] Note that methods of forming the first electrodes 12
and the hole injection layers 13 are not limited to a combi-
nation of sputtering, reactive sputtering, and photolithogra-
phy, and, depending on materials, wet processes, dry pro-
cesses, and patterning given as examples above can be used.
Further, in a case of a barrier metal being disposed as a
lowest layer of the first electrodes 12. it suffices that a metal
oxide thin film is formed before a metal thin film is formed,
and dry etching of the metal oxide thin film is performed
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after wet etching of the metal thin film. Note that in the
method for manufacturing the panel 10, etching of the first
electrodes 12 and the hole injection layers 13 need not be
connected as described above, and formation and patterning
of a metal oxide thin film to form the hole injection layers
13 may be performed after forming the first electrodes 12.
c. Forming Pixel Restriction Layers

[0116] Next, the pixel restriction layers 14 are formed on
the substrate 11 on which the first electrodes 12 and the hole
injection layers 13 are formed. More specifically, for
example, an inorganic material thin film is formed by using
vacuum deposition to cover the substrate 11, and shaped
using photolithography to cover ends of the first electrodes
12 and the hole injection layers 13 in curved planar shapes
that extend in the X direction, as shown in FIG. 2. Thus, the
pixel restriction layers 14 are formed (FIG. 4B). Note that
the pixel restriction layers 14 may be formed by using an
organic material, and may be formed by using any dry
process, wet process, or patterning given as an example
above.

d. Bank Formation

[0117] Next, the banks 15 are formed on the substrate 11,
partitioning the first electrodes 12 and the hole injection
layers 13 into single columns that extend the Y direction.
Thus, the application regions 15a are formed as regions
between adjacent ones of the banks 15, and are arranged
along the X direction. That is, according to the present
embodiment, the X direction corresponds to the row direc-
tion and the Y direction corresponds to the column direction.
More specifically, a photosensitive resist material is applied
by using die coating, for example, to have a greater film
thickness than the pixel restriction layers 14 across the
entirety of the substrate 11, then patterned by using photo-
lithography into shapes that extend in the Y direction,
thereby forming the banks 15 that partition the first elec-
trodes 12 and the hole injection layers 13 into single
columns that extend in the Y direction (FIG. 4C). Note that
the banks 15 can be formed by using another wet process,
dry process, or patterning method.

e. Ink Application

[0118] Next, according to an inkjet method described later,
ink 16a containing a functional material, here material of the
hole transport layers 16A, is ejected to apply the ink 16a into
the application regions 15a (FIG. 5A). Note that the ink 16a
is ejected into the application regions 154 so as to be
continuous across the pixel restriction layers 14. Thus, the
ink 164 can flow in the Y direction within the application
regions 15a, decreasing application unevenness of the ink
164 in the application regions 15a. That is, in subsequent
drying, occurrence of film thickness unevenness and mal-
formation of the hole transport layers 16A is reduced in the
application regions 15a.

f. Drying

[0119] Next, the hole transport layers 16A, which are
functional layers including functional material, are formed
in the application regions 15a by drying the ink 16a that is
applied. More specifically, for example, solvent of the ink
164 is evaporated by placing the substrate 11 after applica-
tion of the ink 16¢ in a vacuum environment such as a
vacuum chamber. Thus, the hole transport layers 16A can be
formed in the application regions 15a (FIG. 5B).

g. Forming Organic Light-Emitting Layers

[0120] Next, similar to the method for forming the hole
transport layers 16A, according to an inkjet method
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described later, ink containing a functional material, here
organic light-emitting material, is ejected to apply the ink to
the application regions 15a. Subsequently, by drying the
applied ink, functional layers including organic light-emit-
ting material, i.e., the organic light-emitting layers 16B, are
formed in the application regions 154 (FIG. 5C). Note that
when applying ink, the ink is applied to entire surfaces of the
hole transport layers 16A in the application regions 154, and
the ink can flow in the application regions 15a¢ in the Y
direction of

[0121] FIG. 2. Thus, application unevenness of ink in the
application regions 15a is decreased, and in drying, occur-
rence of film thickness unevenness and malformation of the
organic light-emitting layers 16B is decreased.

h. Forming Electron Transport Layer

[0122] Next, the electron transport layer 17 is formed so as
to cover all of the banks 15 and the organic light-emitting
layers 16B on the substrate 11 (FIG. 6A). In forming the
electron transport layer 17, depending on material of the
electron transport layer 17, a dry process or a wet process
given as an example above can be used.

1. Forming Second Electrode

[0123] Next, the second electrode 18 is formed covering a
functional layer, here the electron transport layer 17 (FIG.
6B). For example, by a dry process given as an example
above, a light transmissive electrically conductive oxide
material thin film is formed on the electron transport layer 17
to form the second electrode 18.

J- Sealing

[0124] Next, the substrate on which the first electrodes 12
to the second electrode 18 are formed is sealed. More
specifically, for example, an inorganic material thin film is
formed by a dry process given as an example above, so as
to cover a top surface of the substrate 11 on which the second
electrode 18 is formed, to form the thin film sealing layer 19
(FIG. 6C).

[0125] The panel that has a cross section structure as
shown in FIG. 2 is completed by the above method.

(2) Ink Application According to Inkjet Method

[0126] The following describes ink application according
to the inkjet method used in forming the hole transport layers
16A and the organic light-emitting layers 16B.

a. Configuration of Inkjet Device 100

[0127] First, the inkjet device 100 used in ink application
according to the inkjet method is described. FIG. 7 is a
schematic perspective view showing the inkjet device 100.
The inkjet device 100 includes a work table 110 and a head
unit 120 as main components.

(a) Work Table 110

[0128] The work table 110 is a gantry system work table,
and includes a base 111 on which a substrate 200 is mounted,
the substrate 200 being a target for ink application, and a
mobile cradle 112 that is elongated and disposed above the
base 111. Note that the substrate 200 is, for example, the
substrate 11 in the manufacturing process (prior to ink
application) of the panel 10, and an inspection substrate used
in nozzle inspection, to be described later. Further, for
example, the substrate 200 may be an aggregate of a
plurality of the substrate 11 after division. In this case, each
of the application regions 15a formed on a substrate upper
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surface 210 is formed extending along the Y direction,
which is a short side direction of the substrate upper surface
210.

[0129] The base 111 is plate-shaped, and a top surface
thereof on which the substrate 200 is mounted is rectangular.
Here, a direction along a long edge of the top surface of the
base 111 is a longitudinal direction of the base 111 and a
direction along a short edge of the top surface of the base 111
is a short direction of the base 111.

[0130] The mobile cradle 112 is suspended between a pair
of guide shafis 1134, 1135 that are disposed in parallel along
the longitudinal direction of the base 111, and a longitudinal
direction of the mobile cradle 112 is disposed along the short
direction of the base 111. The pair of the guide shafts 113a,
1135 are supported by pillar stands 114a, 1145, 114¢, 1144
disposed at corners of the main surface of the base 111.
[0131] The mobile cradle 112 is attached to the guide
shafts 1134, 1135 via linear motor units 115a, 1155 that are
fixed to longitudinal direction ends of the mobile cradle 112.
Accordingly, the mobile cradle 112 is mobile along the
longitudinal direction of the base 111 according to drive of
the linear motor units 1154, 1155.

[0132] Further, an L-shaped pedestal 116 is attached via a
servomotor unit 117 to a guide groove 118 that extends in the
longitudinal direction along a surface of the mobile cradle
112. Accordingly, the pedestal 116 is mobile along the short
direction of the base 111 according to drive of the servo-
motor unit 117.

[0133] Note that the linear motor units 115a, 1155, and the
servomotor unit 117 are driven by a control device (not
illustrated) connected via communication cables 101, 102.

(b) Head Unit 120

[0134] The head unit 120 includes a main body 121, a
nozzle head 122, and an image capture device 123. The main
body 121 is fixed to the pedestal 116 of the work table 110,
and the nozzle head 122 and the image capture device 123
are attached to the main body 121. Accordingly, the head
unit 120 moves with the mobile cradle 112 and the pedestal
116, and is therefore mobile in the longitudinal direction and
the short direction of the base 111. Further, the main body
121 houses a drive circuit that controls operation of the
nozzle head 122, the drive circuit being connected to the
control device via a communication cable 103.

[0135] The nozzle head 122 is an elongated member that
extends in the short direction of the base 111. FIG. 8 is a
schematic bottom view of the nozzle head 122.

[0136] Rectangular sub heads 124 are arranged along a
longitudinal direction of the nozzle head 122 (i.e., the short
direction of the base 111) on a bottom surface of the nozzle
head 122. Further, nozzles 125 are arranged on the sub heads
124 in equally spaced columns along a longitudinal direction
of the sub heads 124. Each of the sub heads 124 is fixed at
a longitudinal central portion thereof to the nozzle head 122,
and is rotatable relative to the nozzle head 122 in a direction
parallel to top surface of the base 111 around a center of the
central portion. In the inkjet device 100, the sub heads 124
are rotatable relative to the nozzle head 122, and therefore
intervals (pitch) of the nozzles 125 along the longitudinal
direction (Y direction) of the nozzle head 122 can be
adjusted for ink application. This rotation of the sub heads
124 is controlled by the control device via a drive circuit of
the main body 121.
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[0137] FIG.9is a schematic cross section of one of the sub
heads 124. A plurality of the nozzles 125 are arranged in the
sub head 124, and eject ink from an opening at a bottom
surface of the sub head 124. Further, piezoelectric elements
125a are disposed corresponding to the plurality of the
nozzles 125 at a top surface of the sub head 124, and liquid
chambers 125¢ are disposed below the piezoelectric ele-
ments 1254 via a vibration plate 1255.

[0138] The piezoelectric elements 1254 are connected to
the control device via a drive circuit of the main body 121,
and deform the vibration plate 1254 in response to signals
from the control device. The vibration plate 1255 is a plate
shaped member common to the plurality of nozzles, is
deformed by the piezoelectric elements 125q, and applies
pressure to the liquid chambers 125¢ below the piezoelectric
elements 125q. The liquid chambers 125¢ are filled with ink
supplied from an ink tank (not illustrated) via an infusion
tube 104 shown in FIG. 7, and cause ink to be ejected from
the openings of the nozzles 125 according to pressure
applied from vibration plate 1255. In other words, in the
inkjet device 100, ejection amount and ejection timing of ink
can be independently controlled for each of the nozzles 125
by the control device.

[0139] The image capture device 123 is, for example, a
charge-coupled device (CCD) camera, and connected to the
control device via a communication cable 105.

[0140] The image capture device 123 captures an image of
the substrate top surface 210 and transmits image data to the
control device. Thus, the control device can detect position
of the head unit 120 (the nozzles 125) relative to the
substrate top surface 210, and accurately apply ink at
predefined positions of the substrate top surface 210 from
the nozzles 125. Further, according to the image data, the
control device can detect application locations and applica-
tion amounts on the substrate 200 of ink ejected from the
nozzles 125.

b. Usage of Inkjet Device 100

[0141] The following describes an example of a method of
using the inkjet device 100 when the substrate 200 is the
substrate 11.

[0142] First, the substrate 11 on which the application
regions 154 are formed is mounted on the base 111. At this
time, the substrate 11 is mounted so the X direction, which
is the longitudinal direction of the substrate 11, is parallel to
the longitudinal direction of the base 111, and the Y direc-
tion, which is the short direction of the substrate 11, is
parallel to the short direction of the base 111. That is, the
substrate 11 is mounted so that the Y direction, which is the
extension direction of the application regions 15a, matches
the extension direction of the nozzle head 122. Accordingly,
in the following, the longitudinal direction and short direc-
tion of the base 111 are also the X direction and the Y
direction, respectively, as shown in FIG. 7. Note that the
substrate is mounted so the application regions 15q, that is
the upper surface of the substrate 11, is facing upwards. In
other words, as shown in FIG. 7, a direction perpendicular
from the upper surface of the base 111, from the base 111 to
the nozzles 125, is the Z direction.

[0143] Subsequently, the sub heads 124 are each rotated
relative to the nozzle head 122 so that an angle between the
longitudinal direction of the nozzle head 122 and longitu-
dinal direction of the sub heads 124 is fixed to a predefined
angle designed in advance. By setting the angle appropri-
ately, intervals of the nozzles 125 along the longitudinal
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direction (Y direction) of the nozzle head 122 can be set to
constant regular intervals. At this time, the nozzles 125 of
the sub heads 124 are arranged in regular interval columns
along the longitudinal direction of the sub heads 124, and the
columns of the nozzles 125 are arranged along the Y
direction.

[0144] Subsequently. based on the image data of the image
capture device 123, the servomotor unit 117 is driven to
move the head unit 120 along the Y direction, in order to
adjust position along the Y direction of the nozzle head 122
relative to the substrate 11. Further, the linear motor units
115a, 1155 are driven to move the head unit 120 so as to
bring the nozzle head 122 to one end in the X direction of
the substrate 11. Thus, the nozzles 125 can be arranged into
a plurality of columns along the Y direction (column direc-
tion) above the substrate 11.

[0145] Subsequently. the linear motor units 115a, 11556 are
driven to move the head unit 120 along the X direction to the
other end in the X direction of the substrate 11. When
moving, based on the image data of the image capture device
123, nozzles 125 eject ink while passing over the application
regions 15a. That is, nozzles 125 eject ink to the application
regions 15a¢ while scanning across the substrate 11 along the
X direction (row direction) of the upper surface of the
substrate 11. Thus, ink is applied to the application regions
15a.

[0146] Ink application using the inkjet device 100 can be
performed as described above. Here, in the method for
manufacturing the panel 10, the nozzles 125 of the inkjet
device 100 are classified as follows.

c. Classification of Nozzles 125

[0147] Inthe method for manufacturing the panel 10, prior
to the ink application, a defective nozzle is selected in
advance from the nozzles 125. A defective nozzle is one of
the nozzles 125 for which an inspection result, described
later, does not fall within use criteria. When ink is applied,
ink is only ejected from use-nozzles that are not selected as
a defective nozzle among the nozzles 125. By not ejecting
ink from a defective nozzle, ink application accuracy is
increased, and occurrences such as ink color mixing, short
and leaks from functional layer malformation, and lumi-
nance unevenness from uneven film thickness of functional
layers can be decreased.

[0148] Further, in the method for manufacturing the panel
10, at least one reserve nozzle is present among the nozzles
125. A reserve nozzle is a nozzle that, when applying ink, is
not one of the use-nozzles, is not selected as a defective
nozzle, passes over the application regions 154, and does not
eject ink. Results of this are described below.

[0149] FIG. 10A and FIG. 10B are schematic plan views
for describing ink application according to the method for
manufacturing the panel 10. Here, as an example, a case is
described in which ink is applied only to application regions
15a(LR) that, among the application regions 15q, form the
sub pixel columns LR. Note that the nozzles 125 shown in
FIG. 10A and FIG. 10B pass over all of the application
regions 15a.

[0150] FIG. 10A is a diagram for describing a state prior
to defective nozzle occurrence, in which each of the nozzles
125 is a use-nozzle 125A indicated by a single circle or a
reserve nozzle 125S indicated by a double circle. Here,
when applying ink, there is at least one reserve nozzle 1253
present, aside from the use-nozzles 125A. More specifically,
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in FIG. 10A, among 20 of the nozzles 125, 17 are use-
nozzles 125A, and three are reserve nozzles 125S.

[0151] While the nozzles 125 are scanned along the X
direction, ink is ejected only from the use-nozzles 125A one
time for each of the application regions 15a(LR). At this
time, in each of the application regions 154(LR) in the range
shown in FIG. 10A, there are 17 ink application locations
164 scanned by the use-nozzles 125A and three non-appli-
cation locations 16¢ scanned by the reserve nozzles 125S.
[0152] Next, a case is considered in which a defective
nozzle occurs after sequentially applying ink to a plurality of
the substrate 11 from the state shown in FIG. 10A. FIG. 10B
is a diagram for describing a state after defective nozzle
occurrence. Prior to applying ink, two defective nozzles
125B, indicated by crosses, are newly selected.

[0153] In this case, in the range shown in FIG. 10B, two
of the application locations 165 in each of the application
regions 15a(LR) become application unsuitable locations
164 scanned by defective nozzles 125B. In a case in which
ejection amounts of the use-nozzles 125A are not changed
from the state shown in FIG. 10A, a decrease in the
application locations 165 leads to a decrease in ink appli-
cation amount to the application regions 15a(LR).

[0154] Here, in the method for manufacturing the panel
10, if two of the three reserve nozzles 125S are changed to
use-nozzles 125SA, the number of the use-nozzles 125A,
125S A can be maintained at 17, which is the same as in FIG.
10A.

[0155] Thus, a decrease in ink application amount can be
supplemented even in the range shown in FIG. 10B, in
which two substitute application locations 16e are added to
each of the application regions 15a(L.R) so that a total of the
application locations 165 and the substitute application
locations 16e is 17. Further, according to this method,
shortening a shortest ejection interval of the nozzles 125 and
increasing an ejection amount of the use-nozzles 125A,
125SA are not required.

[0156] That is, according to the method for manufacturing
the panel 10, the reserve nozzles 125S are secured, and
therefore even when defective nozzles 125B occur, a
decrease in ink application amount can be supplemented by
changing reserve nozzles 1258 to use-nozzles 125SA. Thus,
according to the method for manufacturing the panel 10, a
decrease in ink application amount due to occurrence of
defective nozzles 125B can be supplemented by a simple
method while suppressing a decrease in manufacturing
efficiency.

[0157] Further, as above, as in FIG. 10A and FIG. 10B, a
decrease in ink application amount due to occurrence of
defective nozzles 125B can be supplemented even when the
number of ink ejections for each of the nozzles 125 to each
of the application regions 15a is at most one. That is,
according to the method for manufacturing the panel 10,
even in the panel 10 of high resolution in which the interval
between adjacent ones of the banks 15 is smaller than the
shortest ejection interval of ink of each of the nozzles 125 of
the inkjet device 100, high efficiency and high quality
manufacturing is possible.

d. Setting Nozzles 125

[0158] Specifics of settings of the nozzles 125 are
described below, including setting the reserve nozzles 1253
and changing the reserve nozzles 1258 to the use-nozzles
125SA. First, in the inkjet method used in the method for
manufacturing a plurality of the panel 10, ink application is
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sequentially performed on a plurality of the substrate 11.
Further, according to the inkjet method, initial nozzle setting
is performed prior to starting ink application, and nozzle
supplement setting is performed each time ink application is
completed for a defined plurality of the substrate 11.

(a) Initial Nozzle Setting

[0159] In initial nozzle setting, first each of the nozzles
125 is inspected. FIG. 11 is a schematic plan view for
describing nozzle inspection. In the inspection, first an
inspection substrate 51 is prepared, on a top surface of which
target locations 51T are disposed. Here, the top surface of
the inspection substrate 51 corresponds to a planar inspec-
tion region in the present embodiment. Note that the planar
inspection region is not limited to being the top surface of
the inspection substrate 51 and may be, for example, a frame
region of the panel 10, a top surface of paper mounted on a
top surface of the substrate 111. or the like.

[0160] The target locations 51T, as an example, may be
indicated by a cross symbol in plan view, disposed at
constant intervals in the X direction along the top surface.
Further, columns of such examples of the target locations
51T (L1 to L11 in FIG. 11) are disposed at constant intervals
in the Y direction along the top surface, perpendicular to the
X direction. Further, adjacent columns of the target locations
51T are shifted along the X direction relative to each other.
[0161] Note that for the inspection substrate 51, many
columns of the target locations 51T are present other than
the columns L1 to L11 shown in FIG. 11. Further, the target
locations 51T are not limited in shape or material as long as
they can be recognized by the image capture device 123 or
the like. For example, round shapes, polygonal shapes,
linear shapes, or the like may be formed on the top surface
of the inspection substrate 51 by etching, plating, ink
application, or the like.

[0162] Theinspection substrate 51 as above is mounted on
the base 111 of the inkjet device 100, the top surface of the
inspection substrate 51 being disposed below the nozzles
125. Thus, the inspection substrate 51 is disposed so that the
longitudinal direction of the nozzle head 122 (short direction
of the base 111) is parallel to the X direction of the
inspection substrate 51 and the scanning direction of the
nozzles 125 (longitudinal direction of the base 111) is
parallel to the Y direction of the inspection substrate 51.
[0163] Subsequently. the nozzle head 122 is moved in the
X direction and the Y direction to a position covering an
X-direction end portion of the inspection substrate 51 (in
FIG. 11, an end-portion towards the top of the diagram).
Furthermore, the sub heads 124 are rotated so the nozzles
125 are adjusted to positions that pass through the columns
of the target locations 51T. At this time, a plurality of the
target locations 51T are present for each of the nozzles 125
to pass over, and since ejection results can be inspected a
plurality of times for each of the nozzles 125, inspection
accuracy is improved. Further, the application locations of
ink ejected from nozzles 125 that are adjacent in the Y
direction are shifted in the X direction, and therefore ink
connections are suppressed and inspection errors reduced.
[0164] Subsequently. the nozzle head 122 is moved along
the X direction, thereby ejecting ink to the target locations
51T of the inspection substrate 51 from the nozzles 125
while the nozzles 125 scan across the top surface of the
inspection substrate 51. At this time, an application state on
the inspection substrate 51 of ink ejected from the nozzles
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125 is inspected. More specifically, for each ejection of ink,
data on deviation from the target locations 51T and appli-
cation area of the application locations 165 is acquired as an
application state via the image capture device 123. At this
time, as in the case of ink ejected to the third one from the
top of the target locations 51T in column L11 in FIG. 11, ink
from one ejection splits and two or more of the application
locations 165 occur. Accordingly, whether or not two or
more of application locations 16bs exist for one of the target
locations 51T is also inspected as an application state. Thus,
ejection accuracy of each of the nozzles 125 can be evalu-
ated from the application state of the nozzles 125. Further,
application states for inspection are not limited to those
described above, and application states such as application
volume may be inspected.

[0165] Subsequent to the inspection, based on use criteria
determined in advance, nozzles 125 for which an inspection
result falls outside the use criteria are selected as defective
nozzles 125B. Note that the use criteria are determined
based on factors such as function of the inkjet device 100,
shape of the application regions 15a of the substrate 11, and
quality required for the panel 10. For example, a use criteria
may be that in multiple ejections of one of the nozzles 125,
all of the application locations 165 of ink are at least
partially connected to the target locations 51T (i.e., not
completely separate). In this case, in FIG. 11, for nozzles
125 that ejected to columns L4, L6, LID, a portion of the
application locations 165 (for example, third from the top of
column L[4, first from the top of column L6, and second to
fourth from the top of column [.10) are completely separate
from the target locations 51T, and therefore these nozzles
125 are selected as defective nozzles 125B. Further, for the
one of the nozzles 125 that ejected to the column L11, the
application location 16bs that is completely separate from
the target locations 51T is present, and therefore this nozzle
is selected as one of the defective nozzles 125B.

[0166] Note that use criteria may be based on the appli-
cation locations 165 of ink as described above, or in addition
to the application locations 165 of ink, reproducibility
(variation) of ink application area (application amount) may
be considered. Further, use criteria may select nozzles 125
for which two or more of the application locations 16bs are
present for one of the target locations 51T to uniformly be
defective nozzles 125B, regardless of positions of the appli-
cation locations 16bs relative to the target locations 51T.
Further, use criteria may be set so that when the application
locations 16bs only deviate in the Y direction in FIG. 11,
relative to the target locations 51T, corresponding nozzles
125 are not selected as defective nozzles 125B.

[0167] Subsequently, among the nozzles 125, for nozzles
that pass over the application regions 15a when applying ink
and are not selected as a defective nozzle 125B, one or more
are set to be a use nozzle 125A and one or more are set to
be a reserve nozzle 125S. For example, in the example of use
criteria above, in FIG. 11, nozzles 125 that eject to the
columns L1 to L3, L5, and L7 to L9 are not selected as
defective nozzles 125B. Further, when applying ink, nozzles
125 that ejected ink to columns [.2, .3, L5, and 1.7 to L9 are
assumed to be nozzles that pass over the application regions
15a. In this case, for example, nozzles 125 that ejected to 1.2,
L5, L7, and L9 can be set as use nozzles 125A, and nozzles
that ejected to L3 and L8 can be set as reserve nozzles 1258S.
[0168] According to the initial nozzle setting above, in
subsequent ink application, among the nozzles 125, among
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nozzles that pass over the application regions 15a and are
not selected as a defective nozzle 125B, at least one reserve
nozzle 1258, which does not eject ink, is present other than
the use nozzles 125A.

[0169] Note that in the initial nozzle setting, it is prefer-
able to set a plurality of the reserve nozzles 125S at constant
intervals. For example, in FIG. 10A, reserve nozzles 1255
are set at intervals D1. By setting a plurality of the reserve
nozzles 1258, the probability of an insufficiency of the
reserve nozzles 1255 when a plurality of defective nozzles
125B occurs is decreased. Further, by setting the reserve
nozzles 1258 at constant intervals, it is possible to suppress
variation in shortest distance from a reserve nozzle 125S to
aposition of a defective nozzle 125B that occurs after initial
nozzle setting. For example, in FIG. 10A, when a new
defective nozzle 125B occurs, a shortest distance to a
reserve nozzle 1258 can be set to D1/2 or less. Flow of
applied ink is limited along the application regions 154, and
by suppressing variation of the shortest distance, it is pos-
sible to suppress variation in ink application thickness in the
application regions 15a.

[0170] Further, when a plurality the reserve nozzles 1255
are set at constant intervals in the initial nozzle setting, the
constant interval is preferably set to be equal to or less than
a distance between centers of adjacent ones of the first
electrodes 12, among a plurality of the first electrodes 12
arranged along one column of the application regions 15a.
For example, in FIG. 10A, a distance between centers of
adjacent ones of the first electrodes 12 is indicated by D2,
and a constant interval D1 set for the reserve nozzles 1258
is equal to D2. Thus, at least one reserve nozzle 125S passes
over each position in which one of the first electrodes 12,
that is one of the sub pixels SPR, SPG, SPB, is formed.
Accordingly, even if a defective nozzle 125B occurs after
initial nozzle setting, a reserve nozzle 1258 that passes over
an application position of a corresponding sub pixel SPR,
SPG, SPB is present, and therefore variation in ink appli-
cation thickness can be further suppressed.

(b) Nozzle Supplement Setting

[0171] In nozzle supplement setting, first the nozzles 125
are inspected, similarly to the initial nozzle setting. Content
and method of this inspection is the same as in the initial
nozzle setting.

[0172] Subsequently. a use nozzle 125A, 125SA for which
an inspection result falls outside use criteria is changed to a
defective nozzle 125B. For example, with respect to the
inspection results of FIG. 11, prior to nozzle supplement
setting, it can be assumed that a nozzle 125 that ejected to
the column 11 is a defective nozzle 125B, nozzles 125 that
ejected to the columns L3, L6, L9 are reserve nozzles 1258,
and the other seven nozzles 125 are all use nozzles 125A.
Further, use criteria are assumed to be the same as the
example described above. In this case, use nozzles 125A that
ejected to the columns 1.4, 110 are changed to defective
nozzles 125B.

[0173] Subsequently. depending on the number of nozzles
changed from use nozzles 125A 125SA to defective nozzles
125B, reserve nozzles 125S are changed to use nozzles
125SA. For example, in the example above, two nozzles are
changed from use nozzles 125A to defective nozzles 125B.
Thus, the reserve nozzles 125S that ejected to the columns
L3 and L9 are changed to use nozzles 125SA. Thus, the
number of use nozzles can be kept constant before and after
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nozzle supplement setting. Accordingly, the method for
manufacturing can supplement a decrease in ink application
amount due to occurrence of a defective nozzle by a method
that is simple and suppresses a decrease in manufacturing
efficiency.

[0174] Note that in nozzle supplement setting, a reserve
nozzle 1258 for which an inspection result falls outside use
criteria is also preferably changed to a defective nozzle
125B. For example, in the example above, the reserve nozzle
1258 that ejected to the column L6 is changed to a defective
nozzle 125B. Even a nozzle that is not selected as a defective
nozzle 125B in initial nozzle setting and subsequently does
not eject ink, such as a reserve nozzle 1255, may decrease
in ink ejection accuracy due to changes over time in open-
ings of nozzles 125 and changes in ink state of the liquid
chambers 125¢. Accordingly, by changing such reserve
nozzles 1258 to defective nozzles 125B, it is possible to
remove reserve nozzles 125S for which ink ejection accu-
racy decreases after initial nozzle setting from candidacy for
use nozzles 125SA.

[0175] Further, in nozzle supplement setting, various
selection methods may be considered for selecting a reserve
nozzle 1258 to be changed to a use nozzle 125SA.

[0176] For example, in nozzle supplement setting, a clos-
est reserve nozzle 1258 to a nozzle changed from a use
nozzle 125A, 125SA to a defective nozzle 125B may be
changed to a use nozzle 125SA. More specifically, as shown
in FIG. 10B, of the two nozzles changed to defective nozzles
125B and marked by a cross symbol, regarding the right-side
defective nozzle 125B, a reserve nozzle 1258 that is closest
on a left-side among reserve nozzles 125S to the right and
left is changed to a use nozzle 125SA.

[0177] As stated above, flow of applied ink along the
application regions 15a is limited, but according to the
method described above, an alternative application location
16e that is closest to an application unsuitable location 164
can be set, and variation of ink application thickness in the
application regions 15a can be suppressed. Note that when
position of a defective nozzle 125B changed from a use
nozzle 125A, 1258 A is in a formation location of a sub pixel
SPR, SPG, SPB, it is preferable to change a reserve nozzle
1258 that is in the formation location of the same sub pixel
SPR, SPG, SPB to a use nozzle 125SA. Thus, variation in
ink application thickness can be further suppressed. Note
that when a reserve nozzle 1255 in the formation location of
the same sub pixel SPR, SPG, SPB is not present, it suffices
that a closest reserve nozzle 1258 is changed to a use nozzle
125SA.

[0178] Further, in nozzle supplement setting, according to
an inspection result, priority may be assigned to reserve
nozzles 1258, and of two or more reserve nozzles 1255
closest to a defective nozzle 125B changed from a use
nozzle 125A, 125SA, a reserve nozzle 1255 having a highest
priority may be changed to a use nozzle 125SA. In FIG. 11,
when use criteria are the same as in the example described
above, nozzles 125 that ejected to the columns L1 to L3, L5,
and L7 to L9 fall within the use criteria, but even for these
nozzles 125 there is variation in ejection accuracy.

[0179] First, in the column L1, deviation from the target
locations 51T of all the application locations 165 is small.
Further, in the columns 1.9, L3, and L2, one, two, and three
application locations 165, respectively, deviate from the
target locations 51T. Further, in the columns L5, L7, and L8,
four of the application locations 165 deviate from the target
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locations 51T. However, in the columns L5, L8, a direction
of deviation is consistently in one direction, and in the
column L7 direction of deviation varies with each applica-
tion.

[0180] In this case, each of the nozzles 125 within the use
criterian. can  be  evaluated in an  order
L1>1.8>1.5>1.9>1.3>1.2>17 of high ejection accuracy, based
on the ejection columns. Here, by adjusting ink ejection
timing of L8 the same result as that of L1 can be obtained
and therefore L8 is evaluated as next after L1. Further,
because of shape of the application regions 15a the influence
of deviation in the Y direction is considered to be small, and
therefore L5 is evaluated higher than 1.9, .3, 1.2, for which
deviation in the X direction occurred. In this way, priority of
the reserve nozzles 125S can be assigned based on ejection
accuracy. For example, when the reserve nozzles 125S are
L1, L5, 1Y, a priority of L1>1.5>1.9 is assigned.

[0181] FIG. 12 is a schematic plan view for describing
nozzle supplement setting when using the priority described
above. In FIG. 12, prior to nozzle supplement setting, the
same disposition of use nozzles 125A and reserve nozzles
1255 is used as in FIG. 10A. Next, in FIG. 12, in nozzle
supplement setting, it is assumed that one use nozzle 125A
(sixth nozzle from the right) is changed to a defective nozzle
125B. Here, reserve nozzles 1258 near the defective nozzle
125B are present to the left and right, but when the priority
of the reserve nozzle 1255 to the left is higher, then
regardless of distance from the defective nozzle 125B, the
reserve nozzle 1258 to the left is changed to a use nozzle
125SA. Thus, in applying ink after nozzle supplement
setting, a nozzle 125 of higher ejection accuracy can be used,
suppressing defective application and application uneven-
ness.

[0182] Further, in nozzle supplement setting, a defective
nozzle 1258 for which inspection results fall within use
criteria is preferably changed to a reserve nozzle 125S. In
initial nozzle setting and nozzle supplement setting, a nozzle
selected as a defective nozzle 125B may improve in ink
ejection accuracy due to changes in openings of the nozzles
125 and states of the liquid chambers 125¢ over time.

[0183] For example, in FIG. 11, according to the example
use criteria described above, the nozzles 125 the ejected to
the columns L4, L6, 110, L11 are selected as defective
nozzles 125B. However, when compared to the column 110
for which all the application locations 165 are completely
separate from the target locations 51T, only one application
location is completely separate or split for each of the
columns 1.4, 16, L11. If; for example, the ejection defect in
one location is not caused by the corresponding nozzle 125,
or caused by something resolved by the passing of time,
ejection accuracy of the nozzle 125 is likely to subsequently
improve. As specific examples of such causes, cases may be
considered such as a case in which a foreign particle
attached to the inspection substrate 51 causes deviation of
the application location 165 to be large. or hardening of ink
attached to the nozzle 125 causing large deviation of the
application location 165, but the hardened ink is ejected at
the same time as ink ejection. In particular, in the column L6
of FIG. 11, the first from the top of the application locations
165 that is completely separate from the target location 51T
has an ink application surface greater than other application
locations 165, and is assumed to be caused by presence of
a foreign particle or ejection of hardened ink. Accordingly,
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there is a possibility that the defective nozzle 125B that
ejected to the column L6 subsequently improves in ejection
accuracy.

[0184] Accordingly, for such a defective nozzle 125B, if
inspection confirms an improvement in ejection accuracy, it
is preferably changed to a reserve nozzle 125S, and added as
a candidate for a use nozzle 1258A. Thus, the number of
reserve nozzles 1255 increases, and a length of time until
insufficient reserve nozzles 1258 can be increased.

[0185] Note that when the number of reserve nozzles 1258
is insufficient in nozzle supplement setting, i.e., the number
of nozzles changed from use nozzles 125A to defective
nozzles 125B due to inspection results is greater than the
number of reserve nozzles 1258, maintenance of the nozzles
125 is performed. Thus, ejection accuracy of the defective
nozzles 125B is improved, and candidates for reserve
nozzles are secured. After maintenance, by performing the
initial nozzle setting again, if a candidate can be changed to
a reserve nozzle 1258, ink application can be restarted.
However, the maintenance may be periodically performed
before an occurrence of insufficient reserve nozzles 1258S.

4. Modifications

[0186] The above describes a method for manufacturing
the panel 10 as one aspect of the present invention, but the
present invention is not limited to the above description
except for essential characteristic elements thereof. The
following describes modifications of the method for manu-
facturing an organic EL display panel as other embodiments
of the present invention. Note that in the following descrip-
tion, elements that are the same as in the above description
are assigned the same reference signs, and description
thereof is simplified or omitted.

(1) Initial Nozzle Setting

[0187] In FIG. 10A, in the initial nozzle setting, the
constant interval D1 set for the reserve nozzles 125S is equal
to the distance D2 between centers of adjacent ones of the
first electrodes 12, but D1>D2 and D1<D2 are also possible.
FIG. 13 is a schematic plan view for describing initial nozzle
setting pertaining to a modification in which D1<D2. In FIG.
13, the reserve nozzles 1258 are set so that two or more are
present between each of the pixel restriction layers 14 (in
each position in which a sub pixel SPR, SPG, SPB is to be
formed). Thus, when a defective nozzle 125B occurs, a
closer reserve nozzle 125S can be selected to change to a
use-nozzle 125S A, and variation in ink application thickness
within the application regions 15a can be further suppressed.
Note that, in the initial nozzle setting of FIG. 13, when
compared to the initial nozzle setting of FIG. 10A, the
number of ink applications per application region is fewer,
but with respect to this an ink ejection amount each time
each of the nozzles 125 eject ink can be increased, or
concentration of the functional material in the ink can be
increased, thereby achieving a same film thickness of a
functional layer formed.

[0188] Further, in FIG. 10A, in the initial nozzle setting,
the constant interval D1 is set for the reserve nozzles 1258,
but the interval may be variable. FIG. 14 is a schematic plan
view for describing initial nozzle setting pertaining to this
modification. In FIG. 14 an interval of the reserve nozzles
1258 is variable. Note that in FIG. 10A, in the initial nozzle
setting, nozzles that scan over the pixel restriction layers 14
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are set as use-nozzles 125A, but as shown in FIG. 14, the
nozzles 125 may be set as reserve nozzles 125S. In particu-
lar, locations on the pixel restriction layers 14 are locations
in which shorts and leaks due to malformation of a func-
tional layer are less likely to occur, and by making such
location non-application locations 16¢, occurrence of shorts
and leaks can be decreased.

(2) Shape of Banks

[0189] For the panel 10, a so-called line bank scheme is
adopted as shown in FIG. 2, but the method for manufac-
turing an organic EL display panel pertaining to one aspect
of the present invention is not limited to such a structure.

a. Sub Bank Disposition

[0190] FIG. 15 is an enlarged schematic plan view of a
portion of an image display surface of an organic EL display
panel 30 (hereinafter, “panel 30”). The panel 30 includes
insulating layers (pixel restriction layers) 34 and a bank
layer 35 that are different shapes to their equivalents in the
panel 10.

[0191] The pixel restriction layers 34 are rectangular in
shape, having a different top surface shape to the pixel
restriction layers 14. Thus, the pixel restriction layers 34
have a simple shape, making formation easier.

[0192] The bank layer 35 forms banks 354 that partition
the first electrodes 12 into columns that extend in the Y
direction (column direction), similarly to the banks 15, and
sub banks 35¢ that partition columns of the first electrodes
12 in the Y direction at regular intervals, more specifically
every two of the first electrodes 12. By forming the sub
banks 35¢, in ink application when forming the organic
light-emitting layers 16B, even when ink flows over the
banks 356 in the X direction into an adjacent one of
application regions 33a, the ink cannot overflow the sub
banks 35¢, and therefore a range in which color mixing
occurs can be decreased. In the panel 30, according to the
bank layer 35, the application regions 35a are regions
surrounded by banks 3556 and sub banks 35¢, and are
arranged along the X direction (row direction) and the Y
direction.

[0193] The pixel restriction layers 34 and the bank layer
35 can be formed by, for example, appropriate setting of
shapes of light-transmissive portions and light-shielding
portions of a photomask used in a photolithography method.
[0194] In the method for manufacturing the panel 30, at
least one reserve nozzle 125S that does not eject ink is
present among the nozzles 125 as a nozzle not selected as a
defective nozzle 1258 that passes over the application
regions 35a. Further, in ink application when using the inkjet
method in which ink is applied to a sequence of a plurality
of the substrate 11, initial nozzle setting is performed prior
to starting ink application, and nozzle supplement setting is
performed each time ink application is completed for a
defined plurality of the substrate 11.

[0195] That is, according to the above manufacturing
method, reserve nozzles 125S are secured, and therefore
even when defective nozzles 125B occur, a decrease in ink
application amount can be supplemented by changing
reserve nozzles 1258 to use-nozzles 125SA. In other words,
according to the manufacturing method, a decrease in ink
application amount due to occurrence of a defective nozzle
125B can be supplemented by a method that is simple and
suppresses a decrease in manufacturing efficiency.
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[0196] Note that in the method for manufacturing the
panel 30, when applying ink, the number of reserve nozzles
1258 that passes over each of the application regions 35a
that are arranged along the Y direction is preferably at least
one. In ink application, applied ink cannot overflow the sub
banks 35¢, but according to the above a reserve nozzle 1255
is present for each of the application regions 35a partitioned
by the sub banks 35¢, and therefore supplementing a
decrease in ink application amount can be implemented for
an occurrence of a defective nozzle 125B over any of the
application regions 35a.

b. Pixel Bank Method

[0197] FIG. 16 is an enlarged schematic plan view of a
portion of an image display surface of an organic EL display
panel 40 (hereinafter, “panel 40”). The panel 40 includes a
grid-like bank layer 45, using a so-called pixel bank system.
[0198] The bank layer 45 is formed from banks 455 and
sub banks 45¢ that partition the first electrodes 12 into single
electrodes. The application regions 45a are regions sur-
rounded by the banks 456 and the sub banks 45¢, and are
arranged along the X direction (row direction) and the Y
direction (column direction). Note that the bank layer 45
corresponds to a case in which the sub banks 35¢ of the bank
layer 35 partition the columns of the first electrodes 12,
which extend in the Y direction, into single electrodes. The
bank layer 45 can be formed by, for example, appropriate
setting of shapes of light-transmissive portions and light-
shielding portions of a photomask used in a photolithogra-
phy method.

[0199] In the method for manufacturing the panel 40, at
least one reserve nozzle 1258 that does not eject ink is
present among the nozzles 125 as a nozzle not selected as a
defective nozzle 125B that passes over the application
regions 45a. Further, according to the inkjet method in
which ink application is performed sequentially on a
sequence of a plurality of the substrate 11, initial nozzle
setting is performed prior to starting ink application, and
nozzle supplement setting is performed each time ink appli-
cation is completed for a defined plurality of the substrate
11.

[0200] That is, according to the above manufacturing
method, reserve nozzles 1258 are secured, and therefore
even when defective nozzles 125B occur, a decrease in ink
application amount can be supplemented by changing
reserve nozzles 1258 to use-nozzles 125SA. In other words,
according to the manufacturing method, a decrease in ink
application amount due to occurrence of a defective nozzle
125B can be supplemented by a method that is simple and
suppresses a decrease in manufacturing efliciency.

[0201] Note that in the method for manufacturing the
panel 40, when applying ink, the number of reserve nozzles
1255 that passes over each of the application regions 45a
that are arranged along the Y direction is preferably at least
one.

(3) Other

[0202] According to the inkjet device 100 there is one of
the nozzle head 122, but the inkjet device 100 may include
a plurality of the nozzle head 122. In this case, applied ink
may be changed for each of the nozzle heads 122, and
therefore during the forming of the hole transport layers 16A
and each color of the organic light-emitting layers 168, the
same inkjet device 100 can be used without replacing ink.
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[0203] Further, in the inkjet device 100, the nozzles 125
are scanned by moving the head unit 120 over the substrate
200 mounted on the base 111, but methods of nozzle
scanning are not limited to this example. For example, using
an inkjet device in which the base is movable relative to a
fixed head unit, nozzles may be scanned relative to the
substrate by moving the base.

[0204] For ease of description, in FIG. 10A to FIG. 14,
each of the sub heads 124 is depicted having three of the
nozzles 125, but the number of the nozzles 125 on each of
the sub heads 124 is not limited to this example, and the
number may be high, such as 100, for example, or may be
lower, such as 1, for example. Further, the nozzles 125 may
be disposed directly on the nozzle head 122 without the sub
heads 124.

[0205] Further, in FIG. 10A to FIG. 14, the longitudinal
direction of the sub heads 124 is tilted relative to the X
direction (scanning direction), and therefore the nozzles 125
(nozzle columns) arranged in columns above the substrate
11 or the inspection substrate 51 are arranged in a plurality
along the Y direction (column direction), but there may be
only one such nozzle column. Note that it suffices that a
direction in which the nozzles 125 are arranged in a column
is a direction tilted with respect to the X direction (scanning
direction) on a surface parallel to an XY plane.

[0206] Further, in the panel 10, 30, 40, banks are formed
partitioning the first electrodes 12 into columns extending
along the Y direction, but may alternatively be formed
partitioning the first electrodes 12 into columns extending
along the X direction, that is, along the longitudinal direc-
tion of the substrate 11. In this case, when applying ink, it
suffices that the substrate 200 is rotated 90 degrees on the
base 111 in FIG. 7, the longitudinal direction of the nozzle
head 122 is parallel to the X direction, and scanning direc-
tion of the nozzles 125 is parallel to the Y direction.
[0207] Further, in the panel 10, 30, 40, the row direction
and the column direction of the first electrodes 12 are
parallel to the long edge (X direction) and short edge (Y
direction), respectively, of the top surface of the substrate 11,
but this is just an example and the shape of the matrix in
which the first electrodes 12 are arranged can be formed
independently of a shape of the top surface of the substrate
11.

[0208] Further, according to the panel 10, functional lay-
ers formed by the inkjet method, i.e., by ink application to
the application regions 15a from the nozzles 125, are the
hole transport layers 16A and the organic light-emitting
layers 16B, but the functional layers are not limited to these
examples. In the method for manufacturing the panel 10, it
suffices that at least one functional layer is formed by the
inkjet method, and a functional layer may be an organic
light-emitting layer, a hole or electron injection layer, a hole
or electron transport layer, a hole or electron blocking layer,
a buffer layer, or the like. Further, one functional layer
formed by the inkjet method may be formed for each of the
sub pixels SPR, SPG, SPB, or three or more may be formed.
For example, the functional layer may be one of a hole
transport layer and an organic light-emitting layer, and the
other may be formed by using a dry process, for example. In
such a case, any shape of a functional layer Ruined by a dry
process may be adopted, for example, the functional layer
may be formed independently for each sub pixel or appli-
cation region, and may be formed to be common to a
plurality of sub pixels or a plurality of application regions.
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Further, for example, the functional layer may be just the
organic light-emitting layers 16B, configured without the
hole transport layers 16A. Furthermore, for example, the
hole injection layers 13 and the electron transport layer 17
may be formed in the application regions 15a by using dry
processes.

[0209] Note that in the method for manufacturing the
panel 10, a three-color application method is adopted in
which the organic light-emitting layers 16B include organic
light-emitting materials that emit red, green, and blue light
in the sub pixel columns LR, LG, LB, respectively, support-
ing full color display, but this is just an example. For
example, a wavelength conversion system may be adopted
in which organic light-emitting layers including organic
light-emitting material that emits blue light are formed in the
sub pixel columns LR, LG, and LB, above which a wave-
length conversion layer such as a fluorescent layer is dis-
posed, so as to convert blue emitted light to red light in the
sub pixel columns LR and blue emitted light to green light
in the sub pixel columns LG. Further, for example, a color
filter layer may be disposed instead of the wavelength
conversion layer.

[0210] Further, the substrate 11 and the inspection sub-
strate 51 are described as having rectangular upper surfaces,
but they may have polygonal shapes such as triangular,
square, or pentagonal, circular shapes, elliptical shapes, or a
combination of any of these.

[0211] Further, according to the panel 10, 30, 40, sub
pixels SPR, SPG, SPB are disposed, which emit red, green,
and blue light, respectively, but this combination of sub
pixels is just an example and configurations only using red
light, or using the four colors red, green, blue, and yellow are
possible for example. Further, in one pixel P, sub pixels of
one color are not limited to a count of one, and a plurality
of each color of sub pixel may be disposed in one pixel P,
for example two blue sub pixels SPB. Further, disposition of
sub pixels in a pixel P is not limited to the order red, green,
blue, and this order may be rearranged.

[0212] Further, in the panel 10 the first electrodes 12 are
anodes and the second electrode 18 is a cathode, but the
opposite structure may be adopted in which first electrodes
are cathodes and a second electrode is an anode.

[0213] Further, in the panel 10, 30, 40, organic EL ele-
ments are formed in application regions, but a bus bar
(auxiliary electrode) may be formed in a portion of the
application regions in order to decrease influence of a
voltage drop due to a resistance component of the second
electrode 18.

[0214] Further, in the panel 10, is a top-emission active
matrix organic EL display panel, but this is just an example
and, for example, a bottom emission or a passive matrix may
be adopted.

[0215] Further, in the panel 30, columns of the first
electrodes 12 extending in the Y direction are sub-divided in
regular intervals every two of the first electrodes 12 by the
sub banks 35¢, but intervals of the sub banks 35¢ in the Y
direction are not limited to this example, and may be regular
intervals of three or more of the first electrodes 12.

[0216] In the case of the above changes, composition and
method for manufacturing a panel is appropriately changed.

INDUSTRIAL APPLICABILITY

[0217] The method for manufacturing the organic EL
display panel pertaining to the present invention can be
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widely used in methods for manufacturing display panels for
use in various electronic devices such as televisions, pet-
sonal computers, portable terminals, commercial displays,
and the like.

REFERENCE SIGNS LIST

[0218] 10, 30, 40 Organic EL display panel

[0219] 11 Substrate

[0220] 12 First electrodes (electrodes)

[0221] 15, 355, 45b, 95 Banks

[0222] 154, 35a, 454, 95a Application regions

[0223] 35c¢, 45¢ Sub banks

[0224] 16A Hole transport layers (functional layers)

[0225] 16B Organic light-emitting layers (functional lay-
ers)

[0226] 16a Ink

[0227] 18 Second electrode

[0228] 122 Nozzle head

[0229] 124 Sub heads

[0230] 125 Nozzles

[0231] 125A, 125SA Use-nozzles

[0232] 125B Defective nozzle

[0233] 1258 Reserve nozzle

1. A manufacturing method for manufacturing an organic
electroluminescence (EL) display panel by using an inkjet
method, the manufacturing method comprising:

preparing a substrate;

forming first electrodes on the substrate in a matrix in

which a row direction and a column direction are
determined;

forming banks on the substrate that partition the first

electrodes into columns, each column extending along
the column direction and each region between adjacent
ones of the banks being an application region, thereby
forming application regions between adjacent ones of
the banks, the application regions being aligned along
the row direction;

forming functional layers including functional material in

the application regions by applying ink to the applica-
tion regions then drying the ink, which contains the
functional material, by causing nozzles to be scanned
relative to the substrate along the row direction while,
among the nozzles, only use-nozzles that are not
selected as a defective nozzle eject the ink, the nozzles
being arranged in the column direction over the sub-
strate and including a nozzle selected in advance as a
defective nozzle; and

forming a second electrode covering the functional layers,

wherein

among the nozzles, when applying the ink, at least one

reserve nozzle is present, a reserve nozzle being a
nozzle that is not one of the use-nozzles, is not selected
as the defective nozzle, passes over the application
region, and does not eject the ink.

2. The manufacturing method of claim 1, wherein

when applying the ink, a maximum number of ejections

of the ink for each use-nozzle for each of the applica-
tion regions is one.

3. The manufacturing method of claim 1, wherein

when forming the application regions, sub-banks are

formed in the columns of the first electrodes, partition-
ing the columns of the first electrodes so that each
region surrounded by adjacent ones of the banks and
adjacent ones of the sub-banks is an application region,
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the application regions being aligned along the row
direction and along the column direction.
4. The manufacturing method of claim 3, wherein
when applying the ink, at least one reserve nozzle passes
over each of the application regions aligned along the
column direction.
5. The manufacturing method of claim 1, wherein
the nozzles are disposed on sub heads, each of the sub
heads being elongated in a direction intersecting the
row direction, and
the sub heads are disposed on a nozzle head that is
elongated in the column direction, and are rotatable
relative to the nozzle head on a plane parallel to the row
direction and the column direction.
6. A method for manufacturing an organic electrolumi-
nescence (EL) display panel, the method comprising:
forming functional layers including functional material in
application regions on a substrate by performing ink
application, applying ink containing the functional
material to the application regions according to an
inkjet method performed sequentially on a sequence of
substrates, by ejecting the ink from nozzles while the
nozzles are scanned above and relative to a top surface
of the substrate, the nozzles being arranged in a column
direction over the substrate;
according to the inkjet method, initial nozzle setting is
performed prior to the ink application, and nozzle
supplement setting is performed each time the ink
application is completed for a certain number of the
substrates;
the initial nozzle setting
inspecting the nozzles and setting a nozzle for which an
inspection result falls outside use criteria as a defec-
tive nozzle, and
setting, among the nozzles, among nozzles that are not
selected as a defective nozzle and that do pass over
the application regions during the ink application,
one or more use-nozzles that eject the ink during the
ink application and one or more reserve nozzles that
do not eject the ink during the ink application;
the nozzle supplement setting
inspecting the nozzles and changing a use-nozzle for
which an inspection result falls outside use criteria to
a defective nozzle, and
maintaining a constant number of use-nozzles before
and after the nozzle supplement setting by changing
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anumber of reserve nozzles to use-nozzles according
to a number of use-nozzles changed to defective
nozzles.
7. The method of claim 6, wherein
in the inspecting of the nozzles in the initial nozzle setting
and in the nozzle supplement setting,
a planar inspection region is disposed below the
nozzles,
the nozzles eject the ink to the planar inspection region
while the nozzles are scanned relative to the planar
inspection region, and
an ink state of the ejected ink on the planar inspection
region is inspected.
8. The method of claim 7, wherein
in the initial nozzle setting, a plurality of the reserve
nozzles are set at regular intervals.
9. The method of claim 8, wherein
a plurality of electrodes are arranged in one column in the
application regions, and
the regular intervals are equal to or less than a distance
between centers of adjacent ones of the electrodes.
10. The method of claim 6, wherein
in the nozzle supplement setting, a reserve nozzle closest
to a nozzle changed from a use-nozzle to a defective
nozzle is changed to a use-nozzle.
11. The method of claim 6, wherein
in the nozzle supplement setting, a reserve nozzle for
which an inspection result falls outside use criteria is
changed to a defective nozzle.
12. The method of claim 11, wherein
in the nozzle supplement setting
a priority order is assigned to reserve nozzles according
to inspection results, and
among two or more reserve nozzles close to a nozzle
changed from a use-nozzle to a defective nozzle a
reserve nozzle with a highest priority is changed to
a use-nozzle.
13. The method of claim 6, wherein
in the nozzle supplement setting, a defective nozzle for
which an inspection result falls within use criteria is
changed to a reserve nozzle.
14. The method of claim 6, wherein
in a case of insufficient numbers of reserve nozzles in the
nozzle supplement setting, maintenance is performed
on the nozzles, and
after the maintenance, the initial nozzle setting is per-
formed.
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