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(57) ABSTRACT

A method for manufacturing an organic EL display panel,
including;: forming first electrodes over a substrate; defining,
above the substrate, pixel formation regions lining up in a
row direction and a column direction, by forming banks over
the substrate; applying ink to each pixel formation region by
causing a plurality of nozzles lining up in a straight line to
discharge the ink to the pixel formation regions while
displacing the nozzles relative to the substrate in a scanning
direction; drying the ink to form functional layers in the
pixel formation regions; and forming a second electrode at
a position covering the pixel formation regions. In the
application of ink, an angle 6 between the scanning direction
and the row direction is set to more than 0° and less than 90°
and each nozzle applies the ink across a plurality of rows of
the pixel formation regions.
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ORGANIC EL DISPLAY PANEL
PRODUCTION METHOD

TECHNICAL FIELD

[0001] The present disclosure relates to a manufacturing
method of an organic electroluminescence (EL) display
panel, and particularly relates to a manufacturing method
using a wet process.

BACKGROUND ART

[0002] 1In recent years, research and development are in
progress of large-sized organic EL display panels using
organic EL elements. In a typical organic EL display panel,
a plurality of organic EL elements are arranged in a matrix
along a main surface of a substrate serving as a support
member, and an image is displayed on an image display face
by the organic EL elements forming pixels.

[0003] In an organic EL element, one or more functional
layers, including at least a light-emitting layer containing an
organic compound, are sandwiched between a pair of elec-
trodes. The functional layer may also include layers other
than the light-emitting layer, such as an injection layer, a
transport layer, a blocking layer, and a buffer layer. Forma-
tion methods for functional layers are broadly categorized
into dry processes such as vacuum vapor deposition, and wet
processes such as inkjet application. Wet processes involve
use of a solution (hereinafter termed “ink™) containing
functional layer material (functional material), and are con-
sidered to be suitable for the enlargement of display panels
in terms of formation precision and cost. Particularly, devel-
opment is in progress of inkjet application, which is a
method where ink in the form of fine droplets is discharged
to be directly applied to pixel formation regions on a
substrate.

[0004] Ink application involves discharging ink to pixel
formation regions on a substrate from a plurality of nozzles
lining up in a straight line, while displacing the nozzles
relative to the substrate in a predetermined scanning direc-
tion along a main surface of the substrate. Typically, the
scanning direction is set to be parallel to either a row
direction or a column direction of a matrix made up of the
pixel formation regions. In addition, a technology is dis-
closed of adjusting the distance between application posi-
tions corresponding to adjacent nozzles by inclining the
nozzle array direction relative to the scanning direction (see,
for example, Patent Document 1).

CITATION LIST
Patent Literature

[Patent Literature 1]

[0005] Japanese Patent Application Publication No. 2004-
111074
SUMMARY OF INVENTION
Technical Problem
[0006] FIG. 16 is a schematic plan view diagram illustrat-

ing a scanning direction dsx and application positions A8 of
a nozzle array 824. The nozzle array 824 is composed of a
plurality of nozzles 824N arranged to line up in an extension
direction dh. Each nozzle 824N discharges ink in the form
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of fine droplets. FIG. 16 also illustrates pixel formation
regions P, each including sub-pixel formation regions SP(R),
SP(G), and SP(B). The pixel formation regions P are
arranged in a row direction d1 and a column direction d2.
The nozzles 824N are moved in a scanning direction dsx
parallel to the row direction d1, while each nozzle 824N is
caused to discharge ink to application positions A8 in
sub-pixel formation regions SP(R), sub-pixel formation
regions SP(G), or sub-pixel formation regions SP(B). FIG.
16 illustrates an example where each nozzle 824N dis-
charges ink to application positions A8 in sub-pixel forma-
tion regions SP(B).

[0007] Here, different ones of the nozzles 824N may
discharge different amounts of ink droplets. This is for
example due to individual ink discharge mechanisms not
being completely the same and due to ink discharge mecha-
nisms not being in the same state after chronological change.
With the method of FIG. 16, this difference in discharge
amounts of the nozzles 824N is reflected in the row direction
d1.

[0008] In the following, a specific example is considered,
where a nozzle 824NX emphasized with diagonal hatching
in FIG. 16 has an extremely small (or extremely great)
discharge amount compared to the rest of the nozzles 824N.
Because the scanning direction dsx is parallel to the row
direction dl1, sub-pixel formation regions SP(B) (empha-
sized with diagonal hatching in F1G. 16) lining up in the row
direction d1 receive ink from the nozzle 824NX. Due to this,
in an organic EL display panel manufactured using this
method, faulty pixels line up in the row direction d1, and
thus, the organic EL display panel exhibits a linear uneven-
ness in luminance, light-emission color, etc., along a pixel
arrangement direction. For example, the faulty pixels may
be pixels having extremely high (or extremely low) lumi-
nance compared to other pixels, pixels not emitting any
light, or pixels emitting a color not matching the desired
color.

[0009] This linear unevenness in luminance, light-emis-
sion color, etc., along a pixel arrangement direction also
occurs in an organic EL display panel manufactured using
the method disclosed in Patent Literature 1. FIG. 17 is a
schematic plan view diagram illustrating a scanning direc-
tion dsx and application positions A9 of nozzle arrays 924.
Each nozzle array 924 is composed of a plurality of nozzles
924N arrayed to line up in an extension direction dh, which
is inclined relative to the scanning direction dsx. Thus, the
method illustrated in FIG. 17 is similar to the method
disclosed in Patent Literature 1. However, the methods
illustrated in FIGS. 16 and 17 are similar in that the scanning
direction dsx is parallel to the row direction d1. Thus, for
example, when there is a nozzle 924NX (emphasized with
diagonal hatching in FIG. 17) having an extremely small (or
extremely great) discharge amount compared to the rest of
the nozzles 924N, sub-pixel formation regions SP(B) (em-
phasized with diagonal hatching in FIG. 17) lining up in the
row direction receive ink from the nozzle 924NX. Due to
this, an organic EL display panel that is manufactured using
this method exhibits a linear unevenness in luminance,
light-emission color, etc., along a pixel arrangement direc-
tion, similar to the organic EL display panel manufactured
using the method illustrated in FIG. 16.

[0010] Furthermore, such linear unevenness in luminance,
light-emission color, etc., not only occurs when a nozzle
having an extremely different discharge amount are present



US 2017/0033288 Al

(e.g., when the nozzles 824NX and 924NX are present).
That is, even when the difference among nozzles is not so
great, a linear unevenness in luminance, light-emission
color, etc., along a pixel arrangement direction can occur
when a group of nozzles differing from the rest of the
nozzles in a similar manner are gathered within a certain
area (e.g., nozzles whose discharge amounts are smaller than
average are located adjacent to one another). When such a
group of nozzles exists, the difference between these nozzles
and the rest of the nozzles accumulates and produces a linear
unevenness in luminance, light-emission color, etc., along a
pixel arrangement direction.

[0011] Such a linear unevenness in luminance, light-emis-
sion color, etc., along one pixel arrangement direction is
problematic for being very noticeable and bringing about a
decrease in display quality of an organic EL display panel.
In view of the above, the present invention aims to provide
an organic EL display panel manufacturing method that uses
inkjet application and that reduces the risk of occurrence of
a linear unevenness in luminance, light-emission color, etc.,
along a pixel arrangement direction, caused by a difference
in discharge amounts of nozzles.

Solution to Problem

[0012] One aspect of the present invention is a method for
manufacturing an organic EL display panel, the method
including;: preparing a substrate; forming a plurality of first
electrodes over the substrate; defining, above the substrate,
a plurality of pixel formation regions lining up in a row
direction and a column direction to form a matrix, by
forming banks over the substrate having the first electrodes
formed thereon; applying ink containing functional material
to each of the pixel formation regions by causing a plurality
of nozzles lining up in a straight line to discharge the ink to
the pixel formation regions while displacing the nozzles
relative to the substrate in a scanning direction along a main
surface of the substrate; drying the ink having been applied
to form functional layers containing the functional material
in the pixel formation regions; and forming one or more
layers, at least including a second electrode, at a position
covering the pixel formation regions having the functional
layers formed therein, wherein in the application of ink, an
angle 0 between the scanning direction and the row direction
is set to more than 0° and less than 90° and each of the
nozzles applies the ink across a plurality of rows of the pixel
formation regions.

Advantageous Effects of Invention

[0013] In the method pertaining to one aspect of the
present invention, the scanning direction in which the
nozzles are displaced is inclined with respect to the row
direction. Thus, even if the nozzles include a nozzle having
a discharge amount smaller or greater than the rest of the
nozzles, pixel formation regions receiving ink from the
nozzle do not line up in the row direction and instead, the
nozzle applies the ink across multiple rows of the pixel
formation regions. Accordingly, the method pertaining to
one aspect of the present invention reduces the risk of
occurrence of a linear unevenness in luminance, light-
emission color, etc., along the row direction (i.e., a pixel
arrangement direction), caused by a difference in discharge
amounts of nozzles.
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BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is a block diagram illustrating the overall
configuration of an organic EL display device 1.

[0015] FIG. 2 is a schematic plan view of a magnified
portion of an image display face of the organic EL display
panel 10.

[0016] FIG. 3 is a schematic cross-sectional diagram of a
sub-pixel formation region SP, taken along row direction d1.
[0017] FIG. 4 is a process diagram describing a manufac-
turing method of the organic EL display panel 10.

[0018] FIGS. SA, 5B, and 5C are schematic cross-sec-
tional diagrams illustrating manufacturing processes of the
organic EL display panel 10, where FIG. 5A illustrates an
anode formation process, FIG. 5B illustrates a hole injection
layer formation process, and FIG. 5C illustrates a bank
formation process.

[0019] FIGS. 6A, 6B, and 6C are schematic cross-sec-
tional diagrams illustrating manufacturing processes of the
organic EL display panel 10, where FIG. 6A illustrates an
ink application process, FIG. 6B illustrates a drying process,
and FIG. 6C illustrates an electron transport layer formation
process.

[0020] FIGS. 7A and 7B are schematic cross-sectional
diagrams illustrating manufacturing processes of the organic
EL display panel 10, where FIG. 7A illustrates a cathode
formation process and FIG. 7B illustrates a sealing process.
[0021] FIG. 81is a perspective view diagram illustrating an
inkjet device 100 used for applying ink 16a.

[0022] FIG. 9 is a schematic plan view diagram illustrat-
ing a scanning direction ds and application positions A of a
nozzle array 124.

[0023] FIG. 10A is a diagram illustrating pitch Ddl
between application positions corresponding to adjacent
nozzles 124Na and 124Nb, and FIG. 10B is a diagram
illustrating an offset Dd2 in a column direction d2, between
nozzle application positions A3 and A4 in adjacent pixel
formation regions P.

[0024] FIG. 11 shows graphs indicating the relationship
between application amount and relative luminance, for
samples of the ink 16a.

[0025] FIG. 12 shows graphs indicating the relationship
between application amount variance and N/TN, for samples
of the ink 16a.

[0026] FIG. 13 is a schematic plan view diagram illustrat-
ing scanning of sub-pixel formation regions SP with the
nozzle array 124 and with angles 6 and a.

[0027] FIG. 14 is a schematic plan view diagram describ-
ing a scan count of the inkjet device 100.

[0028] FIG. 15 is a perspective view diagram illustrating
an inkjet device 200 pertaining to a modification.

[0029] FIG. 16 is a schematic plan view diagram illustrat-
ing a scanning direction dsx and application positions A8 of
a nozzle array 824.

[0030] FIG. 17 is a schematic plan view diagram illustrat-
ing a scanning direction dsx and application positions A9 of
nozzle arrays 924.

DESCRIPTION OF EMBODIMENTS

Overview of Aspects of Present Invention

[0031] One aspect of the present invention is a method for
manufacturing an organic EL display panel, the method
including: preparing a substrate; forming a plurality of first
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electrodes over the substrate; defining, above the substrate,
a plurality of pixel formation regions lining up in a row
direction and a column direction to form a matrix, by
forming banks over the substrate having the first electrodes
formed thereon; applying ink containing functional material
to each of the pixel formation regions by causing a plurality
of nozzles lining up in a straight line to discharge the ink to
the pixel formation regions while displacing the nozzles
relative to the substrate in a scanning direction along a main
surface of the substrate; drying the ink having been applied
to form functional layers containing the functional material
in the pixel formation regions; and forming one or more
layers, at least including a second electrode, at a position
covering the pixel formation regions having the functional
layers formed therein, wherein in the application of ink, an
angle 0 between the scanning direction and the row direction
is set to more than 0° and less than 90° and each of the
nozzles applies the ink across a plurality of rows of the pixel
formation regions.

[0032] In the manufacturing method pertaining to one
aspect of the present invention, the scanning direction in
which the nozzles are displaced is inclined with respect to
the row direction. Thus, even if the nozzles include a nozzle
having a discharge amount smaller or greater than that of the
rest of the nozzles, pixel formation regions receiving ink
from the nozzle do not line up in the row direction and
instead, the nozzle applies the ink across multiple rows of
the pixel formation regions. Accordingly, the method per-
taining to one aspect of the present invention reduces the risk
of occurrence of a linear unevenness in luminance, light-
emission color, etc., along the row direction (i.e., a pixel
arrangement direction), caused by a difference in discharge
amounts of nozzles.

[0033] Another aspect of the present invention is the
method pertaining to one aspect of the present invention,
wherein the pixel formation regions are defined to be located
at a fixed pitch Dp in the row direction and at a fixed pitch
Dp2 in the column direction, and in the application of ink,
the angle 6 is set to satisfy Dpxtan 6=Dp2.

[0034] According to the method pertaining to this aspect,
the combination of nozzles performing application changes
from pixel formation region to pixel formation region. Thus,
the risk is reduced of occurrence of a linear unevenness in
luminance, light-emission color, etc., along the scanning
direction.

[0035] Another aspect of the present invention is the
method pertaining to one aspect of the present invention,
wherein in the application of ink, the angle 0 is set to satisfy:

p ‘71(N-Dn-sinoz] [Math. 1]
=sin" | — —

Dp

[0036] where Dn denotes a fixed pitch between the
nozzles, a denotes an angle between the scanning direction
and the straight line, and N is a positive integer.

[0037] According to the method pertaining to this, ink
application positions corresponding to the nozzles are offset
by exactly N times the ink application pitch, between pixel
formation regions adjacent in the row direction. Accord-
ingly, ink application positions remain the same in all pixel
formation regions lining up in the row direction. Thus, the
risk is low of positions in the column direction, numbers,
etc., of application positions differing among pixel forma-
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tion regions P lining up in the row direction. Thus, the risk
is reduced of occurrence of application unevenness along the
row direction. Accordingly, the method pertaining to this
aspect reduces the risk of occurrence of unevenness in
luminance, light-emission color, etc., in the row direction.

[0038] Another aspect of the present invention is the
method pertaining to one aspect of the present invention,
wherein the pixel formation regions are defined to each
include sub-pixel formation regions corresponding to colors
red, green, and blue, ink application with the nozzles is
performed separately, by using different inks, for sub-pixel
formation regions corresponding to the color red, sub-pixel
formation regions corresponding to the color green, and
sub-pixel formation regions corresponding to the color blue,
and the positive integer N for angle 6 defining the scanning
direction in application of one of the inks with which
luminance is most dependent upon application amount is no
smaller than the positive integer N for angle 8 defining the
scanning direction in application of each of the other ones of
the inks.

[0039] According to the method pertaining to this aspect,
N denoting the number of nozzles performing application
that are replaced is greatest in the application of an ink for
which the influence of the difference in discharge amounts
of nozzles with respect to luminance is relatively great.
Accordingly, the method pertaining to this aspect effectively
reduces the risk of occurrence of a linear unevenness in
luminance, light-emission color, etc.

[0040] Another aspect of the present invention is the
method pertaining to one aspect of the present invention,
wherein the sub-pixel formation regions are each elongated
in a direction orthogonal to the row direction, and in the
application of any of the inks, the angle 6 defining the
scanning direction is set to more than 0° and less than 45°.
[0041] According to the method pertaining to this aspect,
the scanning direction of the nozzles is relatively close to the
row direction, which is orthogonal to the major axis direc-
tion of the sub-pixel formation regions. Accordingly, the
method pertaining to this aspect increases the number of
nozzles used for application per sub-pixel formation region,
and thus, relatively reduces the influence of the difference in
discharge amounts of the nozzles.

[0042] Another aspect of the present invention is the
method pertaining to one aspect of the present invention,
wherein in the application of any of the inks, the angle 6
defining the scanning direction is set to satisfy:

QStanfl(ﬁ] [Math. 2]
Dp
[0043] where Lsp denotes the length of the sub-pixel

formation regions in the direction orthogonal to the row
direction.

[0044] In the method pertaining to this aspect, the angle 8
is set to a relatively large angle, and thus, the risk is reduced
of problems occurring such as an increase in the number of
nozzles required to perform application with respect to all of
the sub-pixel formation regions, and the influence of the
difference in discharge amounts of the nozzles appearing in
the column direction.

[0045] Another aspect of the present invention is the
method pertaining to one aspect of the present invention,
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wherein in the application of any of the inks, the angles 0
and o defining the scanning direction are set to satisfy:

a=90°-0

[0046] The method pertaining to this aspect ensures that
the number of nozzles used for application per sub-pixel
formation region is at least equal to the same in typical inkjet
application, and thus, reduces the risk of occurrence of a
linear discrepancy in luminance, light-emission color, etc.,
without increasing unevenness in luminance among pixels.
[0047] Another aspect of the present invention is the
method pertaining to one aspect of the present invention,
wherein the main surface of the substrate has a rectangular
shape, the pixel formation regions are defined so that the row
direction matches a direction in which long sides of the
substrate extend and the column direction matches a direc-
tion in which short sides of the substrate extend, and in the
application of any of the inks, the angle 0 defining the
scanning direction is set to satisfy:

[Math. 3]

[Math. 4]

Hcos 0+ Wsin 6]:[ H ]

Lsin o Lsin o

[0048] where W denotes a length of the long sides of the
substrate, H denotes a length of the short sides of the
substrate, and L denotes a length of the array of the nozzles.
[0049] The method pertaining to this aspect achieves
applying ink to the entire surface of the substrate without
increasing the number of scans that need to be performed
from that in typical inkjet application. Thus, the method
pertaining to this aspect prevents an increase in manufac-
turing procedures.

[0050] Note that in the present disclosure, an angle
between two intersecting directions is to be construed as the
smaller one among the angles formed by the two directions
when projected onto a plane defined by the two directions.
Accordingly, an angle between two directions is no less than
0° and no more than 90°,

Embodiment

[0051] The following describes an organic EL display
panel manufacturing method pertaining to one aspect of the
present invention, with reference to the accompanying draw-
ings.

[0052] 1. Overall Configuration of Organic EL, Display
Device 1
[0053] FIG. 1 is a block diagram illustrating the overall

configuration of an organic EL display device 1. The organic
EL display device 1 is used in a device such as television, a
personal computer, an industrial display, or a portable ter-
minal, and includes an organic EL display panel 10 having
a rectangular shape and a drive control unit 20 connected to
the organic EL display panel 10. The drive control unit 20
includes four drive circuits, namely drive circuits 21, 22, 23,
24, and a control circuit 25.

[0054] The organic EL display panel 10 (referred to in the
following as a panel 10) has a rectangular image display
face. For example, the display panel 10 is a top-emission-
type organic EL display panel using the active matrix
scheme in the embodiment. In FIG. 1, four drive circuits,
namely drive circuits 21, 22, 23, 24 are arranged surround-
ing the panel 10. However, the drive control unit 20 need not
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have the configuration illustrated in FIG. 1, and the quantity,
the positions, etc., of the drive circuits may be changed as
appropriate.

[0055] 2. Configuration of Panel 10

[0056] FIG. 2 is a schematic plan view of a magnified
portion of the image display face of the panel 10. The panel
10 has a plurality of pixel formation regions P. The pixel
formation regions P are arranged in a matrix, defined by row
direction d1 and column direction d2 that are orthogonal
directions along the image display face. In row direction d1,
pixel formation regions P line up at a fixed pitch Dp, and in
column direction d2, pixel formation regions line up at a
fixed pitch Dp2.

[0057] Each pixel formation region P is a set of one
sub-pixel formation region SP(R), one sub-pixel formation
region SP(G), and one sub-pixel formation region SP(G)
that are arranged in row direction d1 while being spaced
away from one another in row direction d1. The sub-pixel
formation region SP(R), the sub-pixel formation region
SP(G), and the sub-pixel formation region SP(Q) respec-
tively correspond to the colors red (R), green (G), and blue
(B). In the following, wherever it is unnecessary to distin-
guish the sub-pixel formation regions of the different colors
(i.e., the sub-pixel formation regions SP(R), SP(G), SP(G))
from one another, the sub-pixel formation regions are
referred to as sub-pixel formation regions SP.

[0058] As illustrated in FIG. 1, row direction d1 is parallel
to a direction in which long sides of the panel 10 extend
(referred to in the following as a long-side direction), and
row direction d2 is parallel to a direction in which short sides
of the panel 10 extend (referred to in the following as a
short-side direction). In the present disclosure, a short-side
direction of a rectangle or a rectangular-shaped object refers
to a direction orthogonal to a long-side direction of the same.
[0059] FIG. 3 is a schematic cross-sectional diagram of
one sub-pixel formation region SP, taken along row direc-
tion d1. A top-emission-type organic EL element is disposed
at the sub-pixel formation region SP. The organic EL ele-
ment includes a substrate 11 and layers stacked over the
substrate 11, which include a first electrode 12, a light-
transmissive electrode 13, a hole injection layer 14, banks
15, a light-emitting layer 16, an electron transport layer 17,
a second electrode 18, and a sealing layer 19. This list of
layers stacked over the substrate 11 is a mere example, and
one or more other layers, such as a hole transport layer, an
electron injection layer, a blocking layer, and/or a buffer
layer, may also be stacked over the substrate 11. Also, one
or more of the layers in the list above may not be included.
[0060] When the panel 10 is seen as a whole, a plurality
of first electrodes 12 are arranged in the row direction d1 and
the column direction d2 to form a matrix, and one light-
transmissive electrode 13 is disposed on each of the first
electrodes 12. Further, one hole injection layer 14 is dis-
posed to cover the top surface of the substrate 11 and all of
the light-transmissive electrodes 13. The hole injection layer
14 has disposed thereon banks 15. The banks 15 define
apertures 15a4. The apertures 15a define the pixel formation
regions P and the sub-pixel formation regions SP. One
light-emitting layer 16 is disposed in each aperture 15a.
Furthermore, one electron transport layer 17, one second
electrode 18, and one sealing layer 19 are disposed in the
stated order. Each of these layers covers all of the light-
emitting layers 16 and the banks 15 between the light-
emitting layers 16. Note that the structure of the panel 10
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described above is a mere example, and for example, layers
such as the hole injection layer 14, the electron transport
layer 17, and the second electrode 18 may be disposed only
within the apertures 15a.

[0061] Further, although not illustrated in any of the
drawings, a plurality of first electrodes 12 may be disposed
along the column direction d2 within each of the apertures
15a defined by the banks 15, so that at each sub-pixel
formation region SP, a plurality of first electrodes 12 are
arranged along the column direction d2. For example, in
each aperture 15a, three first electrodes 12 may be disposed
along the column direction d2. When making this modifi-
cation, the three first electrodes 12 may be separately
controlled by using separate signals, or the three first elec-
trodes 12 may be controlled by using a single signal. In
particular, when controlling the three first electrodes 12
separately by using separate signals, a pixel definition layer
composed of an electrical insulator may be disposed
between adjacent first electrodes 12 to avoid interference
between the adjacent first electrodes 12. When making this
modification, it is preferable that the pixel definition layer
have a height lower than the height of the banks 15.

[0062] The substrate 11 serves as a support of the panel 10.
Although not illustrated in any of the drawings, the substrate
11 includes a main body having a rectangular plate-like
shape and a thin film transistor (TFT) layer disposed on the
main body. The TFT layer includes electronic circuit ele-
ments such as TFT elements, capacitor elements, and wiring.
The electronic circuit elements in the TFT layer form
circuits that supply organic EL elements with current. Also,
the TFT layer has, at a top-most portion thereof, an inter-
layer electrical insulation layer (not depicted) planarizing
the top surface of the substrate 11.

[0063] The main body of the substrate is formed by using
an electrically-insulative material. For example, the material
may be soda glass, nonfluorescent glass, phosphate glass,
borate glass, quartz, acrylic resin, styrenic resin, polycar-
bonate resin, epoxy resin, polyethylene, polyester, silicone
resin, or alumina. Alternatively, the main body of the sub-
strate 11 may be a plate of a metal, such as aluminum or
stainless steel, coated with an electrically-insulative mate-
rial.

[0064] The TFT layer of the substrate 11 includes a
laminate structure and the interlayer electrical insulation
layer, which covers the laminate structure. The laminate
structure includes a semiconductor, an electrical conductor,
and an electrical insulator that form various elements and
wiring. For example, the semiconductor may be an oxide
semiconductor such as indium gallium zinc oxide (IGZ0) or
an organic semiconductor having a conjugated, planar m
electron system, such as a heteroaromatic compound. For
example, the electrical conductor may be a metal such as
aluminum, copper, or gold, or an electrically conductive
oxide such as indium tin oxide (ITO) or indium zinc oxide
(IZ0O). For example, the electrical insulator may be silicon
nitride, silicon oxide, silicon oxynitride, aluminum oxide,
acrylic resin, polyimide resin, siloxane resin, or phenolic
resin. The interlayer electrical insulation layer is formed by
using a material that is electrically insulative and that can be
patterned. For example, the interlayer electrical insulation
layer may be formed by using an organic material such as
acrylic resin, polyimide resin, siloxane resin, or phenolic
resin.
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[0065] In the panel 10, the substrate 11 (main body)
defines the long-side direction and the short-side direction of
the panel 10. Accordingly, the long-side direction and the
short-side direction of the main surface of the substrate 11
(main body) are parallel to the row direction d1 and the
column direction d2, respectively.

[0066] The first electrodes 12 are formed by using, for
example, aluminum (Al), silver (Ag), APC (alloy of silver,
palladium, and copper), ARA (alloy of silver, rubidium, and
gold), MoCr (alloy of molybdenum and chromium), or NiCr
(alloy of nickel and chromium). Not only do the first
electrodes 12 function as parts of anodes, the first electrodes
12 also have the function of reflecting visible light generated
in the light-emitting layers 16 and guiding the visible light
upwards.

[0067] The light-transmissive electrodes 13 are formed by
using, for example, ITO or IZO. Not only do the light-
transmissive electrodes 13 function as parts of anodes, the
light-transmissive electrodes 13 have the function of
improving the adhesion between the first electrodes 12 and
the hole injection layer 14 by being disposed therebetween.
[0068] For example, the hole injection layer 14 is formed
by using a metal compound such as a metal oxide, a metal
nitride, or a metal oxynitride. For example, metal oxides
usable for forming the hole injection layer 14 include oxides
of metals such as chromium (Cr), molybdenum (Mo), tung-
sten (W), vanadium (V), niobium (Nb), tantalum (Ta),
titanium (Ti), zircon (Zr), hafnium (Hf), scandium (Sc),
yttrium (Y), thorium (Th), manganese (Mn), iron (Fe),
ruthenium (Ru), osmium (Os), cobalt (Co), nickel (Ni),
copper (Cu), zinc (Zn), cadmium (Cd), aluminum (Al),
gallium (Ga), indium (In), silicon (Si), germanium (Ge),
stannum (Sn), lead (Pb), antimony (Sb), and bismuth (Bi),
and oxides of so-called rare earth metals from lanthanum
(La) to lutetium (Lu).

[0069] For example, the banks 15 are formed by using an
organic material such as resin or an inorganic material such
as glass. Examples of organic materials usable for forming
the banks 15 include acrylic resin, polyimide resin, and
novolac-type phenolic resin. Examples of inorganic material
usable for forming the banks 15 include silicon oxide (SiQ)
and silicon nitride (SiN). As illustrated in FIG. 2, the banks
15 are formed so that the sub-pixel formation regions SP
(apertures 15a) have shapes similar to ellipsoids in plan
view, having the column direction d2 as a major axis and
having the row direction d1 as a minor axis. Specifically, the
banks 15 define the apertures 15a such that for each of the
apertures 154, the opposing edges of the aperture 154 in the
row direction d1 are linear, and the opposing edges of the
aperture 154 in the column direction d2 are semi-circular
arcs.

[0070] Referring to FIG. 3 once again, the light-emitting
layers 16 are formed by using, for example, FSBT(Poly(9,
9-di-n-octylfluorene-alt-benzothiadiazole)), which is an
organic high polymer. Alternatively, a conventional organic
material other than F8BT may be contained in the light-
emitting layers 16. Examples of such materials include: a
fluorescent material such as an oxinoid compound, perylene
compound, coumarin compound, azacoumarin compound,
oxazole compound, oxadiazole compound, perinone com-
pound, pyrrolo-pyrrole compound, naphthalene compound,
anthracene compound, fluorene compound, fluoranthene
compound, tetracene compound, pyrene compound, coro-
nene compound, quinolone compound, azaquinolone com-
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pound, pyrazoline derivative, pyrazolone derivative, rhod-
amine compound, chrysene compound, phenanthrene
compound, cyclopentadiene compound, stilbene compound,
diphenylquinone compound, styryl compound, butadiene
compound, dicyanomethylene pyran compound, dicyanom-
ethylene thiopyran compound, fluorescein compound, pyry-
lium compound, thiapyrylium compound, selenapyrylium
compound, telluropyrylium compound, aromatic aldadiene
compound, oligophenylene compound, thioxanthene com-
pound, cyanine compound, acridine compound, metal com-
plex of a 8-hydroxyquinoline compound, metal complex of
a 2-bipyridine compound, complex of a Schiff base and a
group 1l metal, metal complex of oxine, rare earth metal
complex, etc., as disclosed in Japanese Patent Application
Publication No. H5-163488. In the present embodiment, the
light-emitting layers 16 are described as one example of a
functional layer.

[0071] The electron transport layer 17 is formed by using
a material having the function of transporting, to the light-
emitting layers 16, electrons that the second electrode 18
injects into the electron transport layer 17. Specifically, the
electron transport layer 17 is formed by using, for example,
a nitro-substituted fluorenone derivative, a thiopyran dioxide
derivative, a diphenylquinone derivative, a perylene tetrac-
arboxyl derivative, an anthraquinodimethane derivative, a
fluoronylidene methane derivative, an anthrone derivative,
an oxadiazole derivative, a perinone derivative, or a qui-
nolone complex derivative, all of which are disclosed in
Japanese Patent Application Publication No. H5-163488).
Alternatively, the electron transport layer 17 may be formed
by using a phosphorous oxide derivative, a triazole deriva-
tive, a triazine derivative, a silole derivative, a dimesitylbo-
ron derivative, or a triarylboron derivative.

[0072] The second electrode 18 is formed by using, for
example, ITO or 1Z0, and functions as a cathode.

[0073] The sealing layer 19 has the function of preventing
the second electrode 18 and layers therebelow from being
exposed to moisture, air, and the like. For example, the
sealing layer 19 is formed by using silicon nitride or silicon
oxynitride.

[0074] 3. Manufacturing Method of Organic EL Display
Panel 10
[0075] FIG. 4 is a process diagram describing a manufac-

turing method of the panel 10. FIGS. 5A, 5B, 5C, 6A, 6B,
6C, 7A, and 7B are schematic cross-sectional diagrams
illustrating manufacturing processes of the panel 10.
[0076] (1) Substrate Preparation (S1)

[0077] First, the substrate 11 is prepared. Specifically, a
main body formed by providing an electrically insulative
material with a rectangular plate-like shape is prepared, and
the TFT layer is formed on the main body. The TFT layer is
formed, for example, through a combination of a thin-film
formation method such as sputtering, chemical vapor depo-
sition, or spin coating, and a patterning method such as
photolithography. Also, processing such as plasma ion injec-
tion and baking may be performed in accordance with needs.
[0078] (2) Anode Formation (S2)

[0079] Next, anodes are formed on the substrate 11. Each
anode is a combination of one first electrode 12 and one
light-transmissive electrode 13. Specifically, a thin metal
film is first formed through sputtering, for example, and
then, the thin metal film is patterned into a matrix through
photolithography (FIG. 5A). Thus, the first electrodes 12 are
formed on the substrate to form a matrix. Here, the thin
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metal film may also be formed through vacuum vapor
deposition, for example. Then, in a similar manner, a thin
ITO film is formed through sputtering, for example, and
patterning is performed so that the thin ITO film remains on
only the first electrodes 12 through photolithography, for
example. Thus, the light-transmissive electrodes 13 are
formed. Note that the first electrodes 12 and the transparent
electrodes 13 forming a matrix on the substrate 11 may be
formed by first forming the thin metal layer and the thin ITO
layer, and then performing patterning first with respect to the
thin ITO layer and then with respect to the thin metal layer
through photolithography.

[0080] (3) Hole Injection Layer Formation (S3)

[0081] Next, the hole injection layer 14 is formed over the
substrate 11 with the transparent electrodes 13 already
formed thereon. Specifically, a tungsten oxide film having
uniform thickness across the entire top surface of the sub-
strate 11, including the top surfaces of the transparent
electrodes 13, is formed through vacuum deposition or
sputtering, for example (FIG. 5B). Thus, the hole injection
layer 14 is formed.

[0082] (4) Bank Formation (S4)

[0083] Next, the banks 15 are formed over the substrate 11
with the hole injection layer 14 already formed thereon.
Specifically, a resist film containing a photoresist material is
formed over the hole injection layer 14 through material
application, for example, and then the apertures 15a are
formed in the resist layer at positions over the transparent
electrodes 13 through photolithography, for example (FIG.
5C). Thus, the banks 15 are formed. The apertures 15a
defined by the banks 15 form a matrix and each expose one
of the transparent electrodes 13. That is, the apertures 15a
define the sub-pixel formation regions SP. Further, the
apertures 15a are formed to define the pixel formation
regions P, each of which being a set of three sub-pixel
formation regions SP lining up in the row direction d1.
[0084] (5) Ink Application (S5)

[0085] Next, ink 16« is applied onto the substrate 11 with
the banks 15 already formed thereon. Specifically, the ink
164, which contains material for the light-emitting layers 16,
is applied to each of the apertures 15a (sub-pixel formation
regions SP) through inkjet application (FIG. 6A). The details
of the application of the ink 16a are described later in the
present disclosure.

[0086] (6) Drying (S6)

[0087] Next, the ink 164 having been applied is dried.
Specifically, the drying is performed by evaporating the
solvent in the ink 16a by placing the substrate 11 already
having received the application of the ink 16a in a vacuum
environment (e.g., in a vacuum chamber). Accordingly, the
light-emitting layer 16 is formed in each of the sub-pixel
formation regions SP (FIG. 6B).

[0088] (7) Electron Transport Layer Formation (S7)
[0089] Next, the electron transport layer 17 is formed at a
position covering the sub-pixel formation regions SP having
the light-emitting layers 16 formed therein. Specifically, a
thin film of a material for the electron transport layer 17 is
formed to cover the top surface of the layer structure already
formed on the substrate 11 through vacuum vapor deposi-
tion, for example (FIG. 6C). Thus, the electron transport
layer 17 is formed.

[0090] (8) Cathode Formation (S8)

[0091] Next, a cathode is formed over the substrate 11
with the electron transport layer 17 already formed thereon.
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The cathode is composed of the second electrode 18. Spe-
cifically, a thin ITO film is formed to cover the top surface
of the layer structure already formed on the substrate 11
through sputtering, for example (FIG. 7A). Thus, the second
electrode 18 is formed. The second electrode 18 need only
be formed at least at a position covering the sub-pixel
formation regions SP having the light-emitting layers 16
formed therein.

[0092] (9) Sealing (S9)

[0093] Finally, the substrate 11 having the second elec-
trode 18 already formed thereon is sealed. Specifically, a thin
silicon nitride film is formed to cover the layer structure
already formed over the substrate 11 through sputtering, for
example (FIG. 7B). Thus, the sealing layer 19 is formed.
Additionally, after forming the sealing layer 19, a sealing
material with a plate-like shape may be adhered onto the top
surface of the sealing layer 19 via an adhesive such as an
organic resin. This sealing material may include, for
example, color filters having the function of correcting
light-emission color.

[0094] This completes the manufacturing of the panel 10,
which has organic EL, elements formed in the sub-pixel
formation regions SP. Note that the components of the panel
10 need not be formed by using the exemplary methods
(e.g., film formation methods and patterning methods)
described above. That is, the components may be formed
through other methods.

[0095] 4. Application Method of Ink 16a

[0096] The following describes a method of applying the
ink 16a through inkjet application, in the manufacturing
method of the panel 10.

[0097] (1) Description of Inkjet Device 100

[0098] FIG. 8 is a perspective view diagram illustrating an
inkjet device 100 used for applying the ink 16a. The inkjet
device 100 includes, as main components thereof, a work
table 110 and a head unit 120.

[0099] a. Work Table 110

[0100] The work table 110 is a so-called gantry table, and
includes a base 111 and a moving frame 112. The base 111
holds an application target object (the substrate 11 in the
present embodiment). The moving frame 112 is arranged
over the base 111 and has an elongated shape.

[0101] The base 111 is a rectangular solid, and has a
rectangular top surface on which the application target
object is mounted. Hereinafter, the direction in which the
long sides of the top surface of the base 111 extend is
referred to as a long-side direction of the base 111, and the
direction in which the short-sides of the top surface of the
base 111 extend is referred to as a short-side direction of the
base 111.

[0102] The moving frame 112 is suspended across a pair
of guide shafts 1134 and 1135 arranged in parallel along the
long-side direction of the base 111. The guide shafts 1134
and 1134 are supported by stands 114a, 1145, 114¢, and
114d, which are columnar and disposed at four corners of the
base 111.

[0103] The guide shafts 113@ and 1135 are respectively
equipped with linear motor units 115a and 1154, enabling
the moving frame 112 to move in the long-side direction of
the base 111.

[0104] The moving frame 112 has a mount 116 having an
L shape attached thereto. The mount 116 is equipped with a
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servomotor unit 117. The servomotor unit 117 enables the
mount 116 to move in the short-side direction of the base 111
along a guide groove 118.

[0105] The linear motor units 115a and 1155 and the servo
motor unit 117 are connected to a control device (not
depicted), and the movement of the moving frame 112 in the
long-side direction and the movement of the mount 116 in
the short-side direction are controlled by signals from the
control device.

[0106] Also, in the inkjet device 100, the application target
object on the base 11 can be fixed or rotated in a plane
parallel to the top surface of the base 111. Thus, the
orientation of the application target object relative to the top
surface of the base 111 can be set as desired. This is achieved
by providing, at a position on the base 111 where the
application target object is mounted, a rotating table capable
of switching between fixed state and freely rotatable state,
for example.

[0107] b. Head Unit 120

[0108] The head unit 120 includes a main body 121, an
inkjet head 122, and an imaging device 123. The main body
121 is fixed to the mount 116 of the work table 110. The
inkjet head 122 and the imaging device 123 are attached to
the main body 121.

[0109] While not illustrated in any of the drawings, the
inkjet head 122 is an elongated member having, at a bottom
surface thereof, a plurality of nozzles 124N (for example,
about ten thousand nozzles 124N) lining up in a straight line
in a long-side direction of the inkjet head 122. The nozzles
124N are spaced away from one another, disposed at a fixed
nozzle pitch Dn. Accordingly, the nozzles 124N form a
nozzle array 124 extending in an extension direction dh,
which corresponds to the long-side direction of the inkjet
head 122. The nozzles 124N each have a piezoelectric
element (undepicted), a liquid chamber (undepicted) con-
nected to the piezoelectric element, and a discharge outlet.
When the piezoelectric element presses the liquid chamber,
the ink 164 within the liquid chamber is discharged from the
discharge outlet.

[0110] The main body 121 has a drive circuit (undepicted)
for individually driving the piezoelectric elements of the
nozzles 124N. The drive circuit is connected to the above-
described control device, which provides a signal control-
ling discharge amount, discharge timing, and the like for
each nozzle 124N. The main body 121 further includes a
servomotor (undepicted) that is also connected to the control
device. This servomotor is capable of causing the inkjet head
122 to rotate in a plane parallel to the top surface of the base
111 with the main body 121 as the rotation center. Accord-
ingly, an angle o between the extension direction dh of the
nozzle array 124 and the long-side direction of the base 111
(movement direction of the moving frame 112) can be
controlled, and the relative distance of the nozzles 124N
from the application target object, i.e., the application dis-
tance, can also be controlled.

[0111] The imaging device 123 is, for example, a CCD
camera connected to the aforementioned control device. The
imaging device 123 images a surface of the application
target object and transmits image data so acquired to the
control device. The control device is capable of judging
whether or not to cause each of the nozzles 124N to
discharge ink, based on the image data of the application
target object transmitted from the imaging device 123. Thus,
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the nozzles 124N are capable of discharging the ink 164 with
respect to only predetermined positions on the application
target object.

[0112] Note that in the above-described structure, the
nozzle array 124 is capable of moving in the long-side
direction and the short-side direction of the base 111 due to
being indirectly attached to the mount 116 and the moving
frame 112 via the main body 121 of the head unit 120.
[0113] (2) Usage Method of Inkjet Device 100

[0114] For example, in the application of the ink 164 with
the inkjet device 100, first the angle o between the extension
direction dh of the nozzle array 124 and the long-side
direction of the base 111 is set to a predetermined value, and
then the application target object is placed on the base 111.
Next, the orientation of the application target object relative
to the top surface of the base 111 is set. Furthermore, the
mount 116 is moved in the short-side direction of the base
116 in accordance with the angle o and the relative orien-
tation of the application target object, 1o set an area of the
application target object to be scanned with the nozzle array
124.

[0115] Then, the moving frame is moved to cause the
nozzle array 124 to move (this movement of the nozzle array
124 is also referred to in the following as a “scan” by the
nozzle array 124) in the long-side direction of the base 111,
and the nozzles 124N are each caused to discharge the ink
16a to the application target object when arriving at prede-
termined positions over the application target object. Thus,
for the inkjet device 100, the long-side direction of the base
111 corresponds to a scanning direction ds of the nozzle
array 124. Also, due to this, the ink 16a is applied at
predetermined positions of the application target object,
over which the nozzle array 124 moves.

[0116] Note that when the ink 16a cannot be applied to all
of the predetermined positions of the application target
object through a single scan with the nozzle array 124, the
nozzle array 124 is caused to perform another scan after the
mount 116 is moved to cause the nozzle array 124 to move
in the short-side direction of the base 111.

[0117] (3) Method of Applying Ink 16a to Substrate 11

[0118] The following describes a method of applying the
ink 16a to the substrate 11 using the inkjet device 100.

[0119] FIG. 9is a schematic plan view diagram illustrating
the scanning direction ds of the nozzle array 124 and
application positions A. FIG. 9 illustrates an example in
which the ink 16a is applied to sub-pixel formation regions
SP(B) of the pixel formation regions P. For ease of expla-
nation, in the matrix formed by the four pixel formation
regions P illustrated in FIG. 9, the ones of the pixel forma-
tion regions P illustrated in the upper side of page are
considered as belonging to row Rm and the ones of the pixel
formation regions P illustrated in the lower side of the page
are considered as belonging to row Rm+1, and the ones of
the pixel formation regions P illustrated in the right side of
the page are considered as belonging to column Cn and the
ones of the pixel formation regions P illustrated in the left
side of the page are considered a belonging to column Cn+1.
[0120] The application of the ink 16a to the substrate 11 in
the present embodiment takes advantage of the fact that the
orientation of the application target object relative to the top
surface of the base 111 can be changed with the inkjet device
100. Specifically, an angle 0 between the row direction d1,
which is one direction in which pixel formation regions P
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line up on the substrate 11, and the scanning direction ds of
the nozzle array 124 is set to more than 0° and less than 90°.

[0121] When setting the angle 6 in such a manner, the
scanning direction ds is inclined by the angle 6 relative to the
row direction d1. FIG. 9 illustrates an example where the
nozzle array 124 moves from the upper right of the page
toward the lower left of the page. Also, the nozzles 124N
apply the ink 16« to the exact row-direction centers of the
sub-pixel formation regions SP. Accordingly, the application
positions A of the ink 16A line up along the column direction
d2.

[0122] When making such a configuration, even when for
example the nozzle array 124 includes a nozzle 124NX
having a discharge amount smaller or greater than that of the
rest of the nozzles 124N in the nozzle array 124, the nozzle
124NX applies the ink 16a across multiple rows of sub-pixel
formation regions SP, or in other words, the sub-pixel
formation regions SP receiving the ink 164 from the nozzle
124NX do not line up in the row direction d1. Specifically,
in FIG. 9, at the column Cn, the nozzle 124NX (emphasized
with diagonal hatching) passes over and applies the ink 16a
with respect to the sub-pixel formation region SP(B) belong-
ing to row Rm (emphasized with diagonal hatching). Mean-
while, at column Cn+1, the nozzle 124NX arrives at the
midpoint between row Rm and row Rm+1. This is since due
to the angle 8, the arrival position of the nozzle 124NX at
column Cn+! is offset downwards in the column direction
with respect to the arrival position of the nozzle 124NX at
column Cn. Thus, at the column Cn+1, the nozzle 124NX
does not apply the ink 16a with respect to the sub-pixel
formation region SP(B) belonging to row Rm, and accord-
ingly sub-pixel formation regions SP(B) receiving the ink
16a from the nozzle 124NX do not line up in the row Rm.

[0123] Here, the nozzle 124NX may pass over sub-pixel
formation regions SP(B) in the same row Rm at both column
Cn and column Cn+l should, for example, the nozzle
124NX, at column Cn, pass over a top end portion of the
sub-pixel formation region SP(B) belonging to row Rm in
FIG. 9, or the angle 6 be set to a small angle. However, even
if the nozzle 124NX should pass over sub-pixel formation
regions SP(B) in the same row Rm at both column Cn and
column Cn+l, there will be at least one column beyond
column Cn+1 (or before column Cn) at which the nozzle
124NX, moving with the angle 0 kept the same, does not
pass over a sub-pixel formation region SP(B) belonging to
row Rm. Particularly, in display panels, the length of an
array of pixel formation regions P lining up in the row
direction d1 is much greater than the size of a single pixel
formation region P. Due to this, even if the angle 6 is set to
an extremely small angle, the nozzle 124N would apply the
ink 16a across multiple rows as long as the scanning
direction ds, defined by the angle 0, is inclined with respect
to the row direction dl.

[0124] As such, in the panel 10, which is manufactured
according to the above-described method, the risk is low of
faulty pixels lining up in the row direction d1. Here, faulty
pixels refer to pixels having high or low luminance com-
pared to other pixels, pixels not emitting any light, or pixels
emitting a color not matching the desired color, produced
due to the difference in discharge amounts of the nozzles
124N. Accordingly, the manufacturing method pertaining to
the present embodiment reduces the risk of occurrence of a
linear unevenness in luminance, light-emission color, etc.,



US 2017/0033288 Al

along the row direction d1 (i.e., a pixel arrangement direc-
tion), caused by a difference in discharge amounts of
nozzles.

[0125] 5. Notes
[0126] (1) Beneficial Values of Angle 6
[0127] The manufacturing method of the panel 10

achieves the above-described effects when the angle 6 is set
to any angle more than 0° and less than 90°. Nevertheless,
setting the angle 6 to certain angles would produce addi-
tional effects.

[0128] For example, it is preferable that the angle 6 be set
to satisfy Dpxtan 822Dp2, for Dp denoting the pitch between
pixel formation regions P lining up in the row direction d1
and Dp2 denoting the pitch between pixel formation regions
lining up in the column direction d2. Setting the angle 6 to
satisfy Dpxtan 62Dp2 is preferable for the following reason.
When angle 6 is set to satisfy Dpxtan 6=Dp2, the scanning
with the nozzle array 124 results in application positions of
the nozzles 124N differing by exactly Dp2 from column to
column. This means that the combinations of nozzles 124N
performing application to the pixel formation regions P
remaining the same. Accordingly, pixel formation regions P
that are similar to one another in terms of the amount of the
ink 16a applied thereto lining up in the scanning direction
ds, which leads to a linear unevenness in luminance, light-
emission color, etc., occurring along the scanning direction
ds.

[0129] Meanwhile, when the angle 8 is set to satisfy
Dpxtan 82Dp2, the combination of nozzles 124N perform-
ing application changes from one pixel formation region P
to another. Thus, the risk is reduced of occurrence of a linear
unevenness in luminance, light-emission color, etc., along
the scanning direction ds.

[0130] Also, in the manufacturing method of the panel 10,
it is preferable that the angle 8 be set so as to satisfy Math.
1, below, where N is a positive integer.

O:Sin’l(N.Dn.Sin oz] [Math. 1]
Dp
[0131] FIG. 10A is a diagram illustrating pitch Dd1l

between application positions of adjacent nozzles 124Na
and 124Nb in a sub-pixel formation region SP, and FIG. 10B
is a diagram illustrating an offset Dd2 in the column direc-
tion d2 between application positions A3 and A4 of one
nozzle in adjacent pixel formation regions P.

[0132] According to FIG. 10A, with a denoting the angle
between the extension direction dh and the scanning direc-
tion ds of the nozzle array 124, D1-cos 6=Dn-sin a is
satisfied, where Dn denotes the pitch between adjacent
nozzles 124Na and 124Nb, and Dd1 denotes the pitch
between application positions Al and A2 of the ink 164
within one sub-pixel formation region SP, respectively cor-
responding to the nozzles 124Na and 124Nb.

[0133] Also, as illustrated in FIG. 10B, Dd2=Dp-tan 0 is
satisfied, where Dd2 denotes an offset in the column direc-
tion d2 between application position A3 in one column
receiving the ink 16a from a nozzle 124N (undepicted) and
application position A4 in an adjacent column receiving the
ink 16a from the same nozzle 124N.

[0134] Here, when the angle 0 satisfies Math. 1 given
above, then Dd2=Dp-(sin 0/cos 0)=(N-Dn-sin a)/cos
6=N-Ddl. This means that between pixel formation regions
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P adjacent in the row direction d1, the position in the column
direction d2 above which a same nozzle 124N passes
(application position A) differs by exactly N (positive inte-
ger) times the pitch Dd1 between application positions of the
ink 16a. Accordingly, nozzles 124N pass above the same
column-direction positions of all pixel formation regions P
lining up along the row direction d1. That is, application
positions A of the ink 16a remain the same in all pixel
formation regions P lining up in the row direction d1. Thus,
the risk is low of positions in the column direction d2,
numbers, etc., of application positions A differing among
pixel formation regions P lining up in the row direction d1.
Thus, the risk is reduced of occurrence of application
unevenness along the row direction d1. Accordingly, setting
the angle 6 to satisfy Math. 1 reduces the risk of occurrence
of a linear unevenness in luminance, light-emission color,
etc., along the row direction d1.

[0135] (2) Value of N for Sub-Pixel Formation Regions SP
[0136] As described above, when the angle 6 satisfies
Math. 1, the application positions A of nozzles 124N in one
pixel formation region P differ in the column direction d2 by
N-Dd1 from the application positions A of nozzles 124N in
a pixel formation region P adjacent in the row direction d1.
In other words, N indicates the number of nozzles 124N that
are replaced with other nozzles 124N between pixel forma-
tion regions P adjacent in the row direction d1. Accordingly,
the larger the value of N, the smaller the risk of the influence
of the difference among the nozzles 124N appearing in the
row direction d1. Thus, the larger the value set to N, the
lower the risk of occurrence of a linear unevenness in
luminance, light-emission color, etc.

[0137] Here, in the panel 10, each pixel formation region
P has sub-pixel formation regions SP(R), SP(G), and SP(B),
respectively corresponding to the colors red (R), green (G),
and blue (B). Further, different inks 16a are applied to
sub-pixel formation regions of different colors, in order to
form light-emitting layers having different light emission
colors. In the following, the different inks applied to the
sub-pixel formation regions SP(R), SP(G), and SP(B) are
respectively referred to as a first ink 16a(R), a second ink
164(G), and a third ink 16a(B). Further, when there is a need
to refer to these ink collectively, the term inks 16a (R), (G),
(B) is used.

[0138] In the manufacturing method of the panel 10, it is
preferable that the application of the different inks 16a (R),
(G), and (B) be performed separately by performing scan-
ning with the nozzle array 124 each time with respect to only
the corresponding sub-pixel formation regions (i.e., the
sub-pixel formation regions SP(R), the sub-pixel formation
regions SP(G), or the sub-pixel formation regions SP(B)).
Performing scanning separately in such a manner allows
varying the value of N among the different inks 16a (R), (G),
and (B). Note that in the following, the scanning direction ds
in the application of the first ink 16a (R) is termed a first
scanning direction dsl, the scanning direction ds in the
application of the second ink 16a (G) is termed a second
scanning direction ds2, and the scanning direction ds in the
application of the third ink 16a (B) is termed a third
scanning direction ds3.

[0139] FIG. 11 shows graphs indicating the relationship
between application amount and relative luminance for
samples of inks 16a. In FIG. 11, relative values are plotted
on the horizontal axis and the vertical axis. The vertical axis
plots application amounts of the samples of the inks 16a
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relative to a predetermined application amount indicated by
using the value 1, and the horizontal axis indicates change
from a predetermined luminance. These graphs each indi-
cate the relationship for a specific sample of a corresponding
one of the inks 16a (R), (G), (B). Note that using other
samples of the inks 16a (R), (G), (B) would result in the
relationship differing from that illustrated in FIG. 11, spe-
cifically in the graphs having different inclinations.

[0140] As indicated in FIG. 11, the dependency of lumi-
nance with respect to application amount differs among the
samples of the inks 16a (R), (G), (B). Specifically, while
luminance is very dependent upon application amount for
the sample of the second ink 16a (G), luminance is not so
dependent upon application amount for the sample of the
third ink 16a (B). This is believed to reflect the fact that
typically, human visual sensitivity is more sensitive to
change in the color green and less sensitive to change in the
color blue.

[0141] The above shows that the influence of the differ-
ence among the nozzles 124N with respect to luminance is
relatively great in the application of the sample of the second
ink 16a (G). Thus, it is preferable that the angle 0 be set so
that the value N defining the second scanning direction ds2
in the application of the sample of the second ink 16a (G) is
greater than or equal to the value N defining the first
scanning direction ds1 and the value N defining the third
scanning direction ds3. More generally, it is preferable that
the angle 0 be set to that the value N defining the scanning
direction in the application of one of the inks 16a (R), (G),
(B) for which luminance is most dependent upon application
amount is equal to or greater than the value N defining the
scanning direction in the application of each of the other
ones of the inks 164 (R), (G), (B).

[0142] FIG. 12 shows graphs indicating the relationship
between application amount variance and ratio N/TN for
samples of inks 16a4. In FIG. 12, application amount vari-
ance is plotted along the horizontal axis. Application amount
variance differs for different samples of the ink 164, and
application amount variance for a given sample of the ink
16a is a percentage calculated by dividing, by average
application amount when causing nozzles 124N to discharge
the sample of the ink 16a multiple times, a greater one of a
difference between the average application amount and the
maximum application amount and a difference between the
average application amount and the minimum application
amount. Further, TN denotes the number of nozzles 124N
applying ink with respect to each sub-pixel formation region
SP (the term application nozzle count TN is also used in the
following). Accordingly, the ratio N/TN plotted along the
vertical axis in FIG. 12 indicates the ratio of the number of
nozzles 124N that are replaced with other nozzles 124N
between pixel formation regions P adjacent in the row
direction d1, to the application nozzle count TN.

[0143] The graphs of FIG. 12 deductively indicate the
results of an observation that the present inventor conducted.
In the observation, the present inventor applied samples of
inks 16a of different colors to the corresponding sub-pixel
formation regions with different angles 8, and checked the
occurrence of linear unevenness in luminance in the sub-
pixel formation regions SP. Specifically, the graphs of FIG.
12 indicate, with respect to the application amount variance
of different samples of the ink 16a, N/TN values with which
the occurrence of linear unevenness in luminance is suffi-
ciently prevented. For example, the graphs in FIG. 12 show
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that for one sample of the ink 16a (R) whose application
amount variance when applied with respect to the sub-pixel
formation regions SP(R) was found to be 9% through the
observation, the occurrence of linear unevenness in lumi-
nance can be sufficiently prevented by setting the angle 6
such that N/TN is no less than 0.22.

[0144] FIG. 12 also shows, using dashed lines, straight
lines approximating the results of the observation. For
samples of the ink 164, it is preferable that the angle 0 be set
so that the N/TN value is above the corresponding straight
line. That is, when denoting application amount variation as
X %, it is preferable to set the angle 0 to satisfy Math. 5
below for the first scanning direction dsl (i.e., in the
application of samples of the first ink 16a (R)), and to satisfy
Math. 6 below for the second scanning direction ds2 (i.e., in
the application of samples of the second ink 164 (G)).

N .
2 5 005x 023 Math. 5]
™

N th. 6
25 008x 030 (Math. €]
™

[0145] Here, since the dependency of luminance on appli-
cation amount is relatively low for the third scanning
direction ds3 (i.e., in the application of samples of the third
ink 16a (B)), the N/TN value (i.e., the angle 8) for the third
scanning direction ds3 may be set to any value.

[0146] (3) Preferable Relationship Between Angle 6 and
Shape of Sub-Pixel Formation Region SP

[0147] In the panel 10, the apertures 15a, that is, the
sub-pixel formation regions SP are formed to have elongated
shapes and such that a long-side direction thereof'is orthogo-
nal to the row direction d1. Specifically, as illustrated in FIG.
2, the sub-pixel formation regions SP are each formed to
have a substantially elliptical shape having the column
direction d2 as a major axis direction and having the row
direction d1 as a minor axis direction.

[0148] Here, in the application of the ink 164 with respect
to the sub-pixel formation regions SP, the greater the appli-
cation nozzle count TN, the relatively smaller the influence
of difference in discharge amounts of the nozzles 124N. In
order to increase the application nozzle count TN, it is
preferable that the scanning direction ds (i.e., first scanning
direction dsl, the second scanning direction ds2, and the
third scanning direction ds3) of the nozzle array 124 is set
closer to the minor axis direction dl of the sub-pixel
formation regions SP than the major axis direction d2 of the
sub-pixel formation regions SP. In other words, it is prefer-
able to set the angle between the scanning direction ds of the
nozzle array 124 and the minor axis direction dl of the
sub-pixel formation regions SP, that is, the angle 0, to be
greater than 0° and no more than 45°.

[0149] (4) Preferable Range of N

[0150] Inthe application of the ink 16a with respect to the
sub-pixel formation regions SP, it is preferable to set the
angle 0 to satisfy Math. 2 below, where Lsp denotes the
length of the sub-pixel formation regions SP in the long-side
direction thereof.
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o< tanil(ﬂ) [Math. 2]
Dp
[0151] FIG. 13 is a schematic plan view diagram illustrat-

ing scanning of the sub-pixel formation regions SP with the
nozzle array 124 and with the angles 6 and c.. According to
FIG. 13, the application nozzle count TN is either [(Lsp-cos
8)/(Dn-sin a)] or [Lsp-cos 8)/Dn-sin a)]+1. Here, the sym-
bols in square brackets are Gauss symbols, where [A]
represents a maximum integer not exceeding A. Accord-
ingly, A is no less than [A] and less than [A]+1.

[0152] Meanwhile, as described above, N indicates the
number of nozzles 124N that are replaced with other nozzles
124N between pixel formation regions P adjacent in the row
direction dl. Here, when the angle 0 satisfies the equation of
Math. 2, N is expressible as: N=Dd2/Dd1=(Dp-tan 0)/
((Dn-sin a)cos 0))=(Lsp-cos 0)/(Dnsin a). Thus, N is
nearly equal to the application nozzle count TN.

[0153] This means that, when the angle 0 satisfies the
equation of Math. 2, the nozzles 124N used for application
are almost completely replaced between pixel formation
regions P adjacent in the row direction d1, and thus the
influence of the difference in discharge amount among the
nozzles 124N barely appears in the row direction d1. Mean-
while, setting angles greater than this to angle 6 brings about
substantially no change in terms of the effect of reducing the
risk of occurrence of linear unevenness in luminance, light-
emission color, etc. In fact, setting angles greater than this to
angle 0 brings about problems such as an increase in the
number of nozzles 124N required to perform application
with respect to all of the sub-pixel formation region SP, and
a risk arising of the influence of the difference in discharge
amount among the nozzles 124N appearing in the column
direction d2. Thus, it is preferable that N is no greater than
TN, and in other words, it is preferable that the angle 6 is set
to satisfy Math. 2.

[0154] (5) Preferable Range of Angle o

[0155] Angle « is the angle between the scanning direc-
tion ds and the extension direction dh of the nozzle array
124, and is a parameter changing the application pitch Dd1.
It is preferable that angles o and 8 satisfy Math. 3 below.

1=90°-0 [Math. 3]

[0156] When Math. 3 is satisfied, the application nozzle
count TN satisfies the inequality of Math 7 below.

- Lsp-cos 8 . Lsp-cos 0 1 yLsp [Math. 7]
= [ Dn-sin oz] - [Dn-sin(90° —0)} - [E]
[0157] Here, the right-hand side of Math. 7 is substantially

equal to the application nozzle count when 6=0° and o=90°,
in other words, the application nozzle count in typical inkjet
application. Thus, setting the angle a to satisfy Math. 3
ensures that the application nozzle count TN is at least equal
to the application nozzle count in typical inkjet application,
and thus, the risk can be reduced of the occurrence of a linear
unevenness in luminance, light-emission color, etc., without
bringing about an increase in variance among pixels in terms
of luminance, light-emission color, etc.
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[0158] (6) Scan Count Relative to Angle 6

[0159] Inthe application of the ink 16a with respect to the
sub-pixel formation regions SP, it is preferable the angle 6
is set to satisfy Math. 4 below, where W denotes the length
of the substrate 11 in the long-side direction, H denotes the
length of the substrate 11 in the short-side direction, and L
denotes the length of the nozzle array 124 in the extension
direction dh.

[Math. 4]

Hcos 6+ Wsin 6]=[ H ]

Lsin o Lsin o

[0160] FIG. 14 is a schematic plan view diagram describ-
ing the number of times the inkjet device 100 performs
scanning (referred to as scan count in the following). F1G. 14
illustrates an example where the inkjet head 122 depicted at
the right-hand side of the page moves in the scanning
direction ds and applies the ink 16a over the substrate 11.
[0161] As illustrated in FIG. 14, when performing scan-
ning with the nozzle array 124 and with the angles 0 and a,
the minimum scan count required in order to apply the ink
16a over the entire surface of the substrate 11 can be
calculated by adding one to the left-hand side value of Math.
4. Meanwhile, when the angle 6 is 0°, the minimum scan
count can be calculated by adding one to the right-hand side
value of Math. 4. This means that when Math. 4 is satisfied,
the ink 16a can be applied over the entire surface of the
substrate 11 without increasing the scan count from that in
typical inkjet application. Thus, an increase in manufactur-
ing procedures can be prevented.

[0162] Note that in the description above, the difference
between the size of the image display face of the substrate
11 and the size of the pixel arrangement region is not
considered for being presumably small (that is, the vessel
portion is not considered), and also, the difference between
the length of the inkjet head 122 in the long-side direction
thereof and the total length L of the nozzle array 124 is not
considered for being presumably small.

[0163] (7) Other Matters

[0164] In mathematical formulae Math. 1 through Math. 7
given in the present disclosure, equalities therein need not be
satisfied in a strict sense, and instead, the equalities may be
considered to be established when there is a match in a
practical level. For example, when comparing a right-hand
side and a left-hand side of an equation, equality may be
considered to be established between the left-hand side and
the right-hand side when the leading two significant figures
match.

[0165] Inthe present embodiment, the nozzles 124N in the
inkjet device 100 line up to form one straight line. However,
the nozzles 124N need not form a single straight line. FIG.
15 is a perspective view diagram indicating an inkjet device
200 pertaining to a modification. In the inkjet device 200, a
head unit 220 has a plurality of inkjet heads 222 attached
thereto, and each inkjet head has a plurality of nozzles 124N
lining up in a straight line. That is, the nozzles 124N may
line up to form two or more linear arrays, provided that the
linear arrays are parallel to one another.

[0166] In the present embodiment, the inkjet device 100
sets the angle 8 between the row direction d1, which is one
direction in which sub-pixel formation regions SP line up,
and the scanning direction ds by rotating the substrate 11
over the base 111. Alternatively, for example, the substrate
11 may be fixed with respect to the base 111, and the
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scanning direction ds may be set by configuring the guide
shafts 113¢ and 1135 to be freely rotatable within the plane
parallel to the top surface of the base 111.

[0167] Inthe present embodiment, the nozzles 124N of the
inkjet device 100 are moved in the scanning direction ds.
Alternatively, the nozzles 124N may be displaced relative to
the scanning direction ds by moving the substrate 11 in a
direction opposite the scanning direction ds.

[0168] In the present embodiment, the angle 6 in the
application of the ink 16¢ is the angle between the scanning
direction ds of the nozzle array 124 and the row direction d1,
which is one direction in which pixel formation regions P
line up. Alternatively, the angle 8 may also be considered to
be an angle between the scanning direction ds and the
column direction d2, which is the other direction in which
pixel formation regions P line up.

[0169] In the present embodiment, inkjet application is
used for forming the light-emitting layers 16. Inkjet appli-
cation may also be used for forming functional layers other
than the light-emitting layers 16 (e.g., the electron transport
layer 17). Application amount (layer thickness) in the form-
ing of functional layers other than the light-emitting layer 16
may also affect pixel luminance. Thus, the risk of occurrence
of linear unevenness in luminance, light-emission color, etc.,
in the row direction d1 may be reduced by additionally
setting the angle between the row direction d1 and the
scanning direction ds to be greater than 0° and less than 90°
in the forming of functional layers other than the light-
emitting layer 16.

[0170] In the panel 10 pertaining to the present embodi-
ment, the row direction (d1) and the column direction (d2),
which are the directions in which pixel formation regions P
line up, are parallel to the long-side direction and the
short-side direction of the substrate 11, respectively. Alter-
natively, for example, at least one of the row direction d1
and the column direction d2 may be neither parallel nor
orthogonal to the long-side direction or the short-side direc-
tion of the substrate 11. In addition, the row direction d1 and
the column direction d2 need not be orthogonal to one
another. Note that the risk of occurrence of linear uneven-
ness in luminance, light-emission color, etc., in both the row
direction and the column direction can be reduced by setting
the scanning direction ds to be inclined (by angle 6) with
respect to both the row direction d1 and the column direction
d2. That is, there is no substantial distinction between the
row direction d1 and the column direction d2. Thus, replac-
ing these directions with one another (using the column
direction d2 as the “row direction”) does not bring about any
problems.

[0171] In the panel 10, each pixel formation region P
includes sub-pixel formation regions SP corresponding to
the three colors red, green, and blue. Alternatively, each
pixel formation region P may include sub-pixel formation
region(s) SP for only the color red or for the four colors red,
green, blue, and yellow. Also, each sub-pixel formation
regions SP need not include one sub-pixel formation region
SP per color. That is, each sub-pixel formation regions SP
may include two or more sub-pixel formation regions SP per
color. Furthermore, sub-pixel formation regions SP in each
pixel formation region P need not line up in the row direction
dl, and instead, may line up in the column direction, or may
be arranged positions resembling peaks of a triangle. Note
that when making a modification such that each pixel
formation region P includes only one sub-pixel formation
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region SP, all passages in the present embodiment where the
term “sub-pixel formation region SP” is used can be cor-
rectly understood by replacing the term “sub-pixel formation
region SP” with the term “pixel formation region P”.
[0172] In the panel 10, the main body of the substrate 11
(portion excluding the TFT layer) has a rectangular shape.
Alternatively, the main body of the substrate 11 may have a
square shape, a polygonal shape other than a rectangular
shape, a circular shape, or an elliptical shape.

[0173] In the panel 10, the first electrodes 12 serve as
anodes and the second electrode 18 serves as a cathode.
Alternatively, an inverse structure may be adopted in which
the first electrodes 12 serve as cathodes and the second
electrode 18 serves as an anode.

[0174] In the panel 10, the banks 15 may surround each of
the sub-pixel formation regions SP (pixel bank scheme), or
may for example surround each line of sub-pixel formation
regions SP in the column direction d2 (line bank scheme).
When the aforementioned line bank scheme is used, barriers
(pixel definition layers) preventing cross-talk between sub-
pixel formation regions SP adjacent in the column direction
d2 are typically disposed. Accordingly, ink flow in the
column direction d2 is limited regardless of the bank scheme
applied, since in the line banks scheme, the barriers limit ink
flow in the column direction d2. Thus, the manufacturing
method pertaining to the present embodiment, which
reduces the risk of difference in discharge amount among the
nozzles 124N being reflected in the row direction dl, is
useful also with the line bank scheme.

[0175] In the present embodiment, the panel 10 is a
top-emission-type organic EL display panel using the active
matrix scheme. Alternatively, for example, the panel 10 may
be a bottom-emission-type organic EL display panel and/or
use the passive matrix scheme. When making such modifi-
cations, the structure and the manufacturing method of the
panel 10 are accordingly changed as necessary.

INDUSTRIAL APPLICABILITY

[0176] The organic EL display panel manufacturing
method pertaining to the present invention is widely appli-
cable as a manufacturing method of display panels usable in
various electronic devices, such as televisions, personal
computers, commercial displays, and portable terminals.

REFERENCE SIGNS LIST

[0177] 10 Organic EL display panel
[0178] 11 Substrate

[0179] 12 First electrode

[0180] 15 Bank

[0181] 16 Light-emitting layer (functional layer)
[0182] 16a Ink

[0183] 18 Second electrode

[0184] 124N, 824N, 924N Nozzle
[0185] Dp, Dp2 Pixel pitch

[0186] Dn Nozzle pitch

[0187] Lsp Length

[0188] N Positive integer

[0189] P Pixel formation region
[0190] SP Sub-pixel formation region
[0191] d1 Row direction

[0192] d2 Column direction

[0193] ds, dsx Scanning direction
[0194] o, 6 Angle
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1. A method for manufacturing an organic EL display
panel, the method comptising:

preparing a substrate;

forming a plurality of first electrodes over the substrate;

defining, above the substrate, a plurality of pixel forma-
tion regions lining up in a row direction and a column
direction to form a matrix, by forming banks over the
substrate having the first electrodes formed thereon;

applying ink containing functional material to each of the
pixel formation regions by causing a plurality of
nozzles lining up in a straight line to discharge the ink
to the pixel formation regions while displacing the
nozzles relative to the substrate in a scanning direction
along a main surface of the substrate;

drying the ink having been applied to form functional
layers containing the functional material in the pixel
formation regions; and

forming one or more layers, at least including a second
electrode, at a position covering the pixel formation
regions having the functional layers formed therein,
wherein

in the application of ink, an angle 8 between the scanning
direction and the row direction is set to more than 0°
and less than 90° and each of the nozzles applies the ink
across a plurality of rows of the pixel formation
regions.

2. The method according to claim 1, wherein

the pixel formation regions are defined to be located at a
fixed pitch Dp in the row direction and at a fixed pitch
Dp2 in the column direction, and

in the application of ink, the angle 6 is set to satisfy
Dpxtan 8=Dp2.

3. The method according to claim 2, wherein

in the application of ink, the angle 6 is set to satisfy:

p ‘71(N-Dn-sinoz] [Math. 1]
=sin" | —

Dp

where Dn denotes a fixed pitch between the nozzles, o
denotes an angle between the scanning direction and
the straight line, and N is a positive integer.

4. The method according to claim 3, wherein

the pixel formation regions are defined to each include
sub-pixel formation regions corresponding to colors
red, green, and blue,

ink application with the nozzles is performed separately,
by using different inks, for sub-pixel formation regions
corresponding to the color red, sub-pixel formation
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regions corresponding to the color green, and sub-pixel
formation regions corresponding to the color blue, and

the positive integer N for angle 6 defining the scanning
direction in application of one of the inks with which
luminance is most dependent upon application amount
is no smaller than the positive integer N for angle 6
defining the scanning direction in application of each of
the other ones of the inks.

5. The method according to claim 4, wherein

the sub-pixel formation regions are each elongated in a
direction orthogonal to the row direction, and

in the application of any of the inks, the angle 6 defining
the scanning direction is set to more than 0° and less
than 45°.

6. The method according to claim 5, wherein

in the application of any of the inks, the angle 6 defining
the scanning direction is set to satisfy:

Lsp ] [Math. 2]

0 < tanfl(D—p

where Lsp denotes the length of the sub-pixel formation
regions in the direction orthogonal to the row direction.

7. The method according to claim 6, wherein

in the application of any of the inks, the angles 6 and o
defining the scanning direction are set to satisfy:

a=90°-0 [Math. 3]

8. The method according to claim 7, wherein

the main surface of the substrate has a rectangular shape,

the pixel formation regions are defined so that the row
direction matches a direction in which long sides of the
substrate extend and the column direction matches a
direction in which short sides of the substrate extend,
and

in the application of any of the inks, the angle 6 defining
the scanning direction is set to satisfy:

[Math. 4]

Hcos 6+ Wdin 0] =[ H ]

Lsin o Lsin «

where W denotes a length of the long sides of the
substrate, H denotes a length of the short sides of the
substrate, and L denotes a length of the array of the
nozzles.
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