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Description
Technical Field

[0001] The present invention relates to a method of
manufacturing an organic electroluminescent (EL) dis-
play. More particularly, the invention relates to a method
of manufacturing an organic EL display in which an or-
ganic light-emitting layer is formed by a coating method
(more specifically by an ink jet method).

Background Art

[0002] Organic EL displays can be broadly classified,
according to methods with which their organic light-emit-
ting layers are formed, into the following two types. One
type employs a method of forming an organic light-emit-
ting layer by deposition, which is used in the case where
the organic light-emitting layer is made of a low-molec-
ular-weight organic material. The other type employs a
method of forming an organic light-emitting layer by a
solvent coating method, which is often used in the case
where the organic light-emitting layer is made of a poly-
meric organic material as well as a low-molecular-weight
organic material.

[0003] As one of representative measures for forming
an organic light-emitting layer by a solvent coating meth-
od, there is a method of discharging droplets of ink con-
taining an organic light-emitting material into pixel re-
gions of a display substrate using an ink jet device to
form an organic light-emitting layer (see Patent Docu-
ment 1). In the discharged droplet, an organic light-emit-
ting material and a solvent are included.

[0004] The ink jet device includes an ink jet head hav-
ing two or more nozzles. While controlling a positional
relationship between the nozzles of the ink jet head and
the display substrate, the ink jet device discharges ink
from the nozzles. It is known that there are variations in
size among droplets discharged from nozzles that the
ink jet head has (see Patent Document 2). Reported in
Patent Document 2 is a technique of causing a plurality
of droplets to land on one pixel region and adjusting the
landing position of each droplet, thereby improving film
uniformity in the pixel region.

[0005] On the other hand, a pixel region of a display
substrate into which droplets are discharged is often de-
fined by a partition, referred to as a "bank". This is for the
purpose of causing discharged ink to position-selectively
remain in the pixel region. A plurality of pixels are ar-
ranged on the substrate in rows of respective colors (R,
G or B) such that they form a stripe pattern. As one of
methods of discharging droplets onto a display substrate
having banks that partition pixels, a method of discharg-
ing droplets while causing an ink jet head of an ink jet
device to scan in a direction perpendicular to the longi-
tudinal direction of the stripe is known (see Patent Doc-
uments 4 to 6).

[0006] Further, as another of the methods of discharg-
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ing droplets onto a display substrate having banks that
each partition pixels, a method of combining an ink jet
head of an ink jet device that scans in a direction per-
pendicular to the longitudinal direction of the stripe and
an ink jet head of the ink jet device that scans in the
longitudinal direction of the stripe so as to apply droplets
is known (see Patent Document 7).

[0007] On the other hand, banks may define a linear
region including a group of pixels of the same color (for
example, R: red, G: green, or B: blue) arranged in a row,
among pixels arranged in the form of stripes (see Patent
Document 3). The bank that defines the linear region may
be referred to as a "linear bank". That s, an organic light-
emitting layer of R, G or B is formed in every region (here-
inafter also referred to as a "linear region") defined by
the linear bank.

[0008] Document US 2007/296758 A1 describes a
method for printing that includes providing a substrate
on which a matrix of color elements is defined, the color
elements having respective center lines. A printhead as-
sembly including multiple controllable nozzles is posi-
tioned over the substrate. The substrate and/or the print
head assembly is translated so that the print head as-
sembly scans over the substrate in a scan direction trans-
verse to the center lines of the color elements. Droplets
of ink are ejected from the nozzles onto the substrate at
selected times while the print head assembly scans over
the substrate. The times at which to eject the droplets
are selected so as to cause the droplets to land on the
color elements at respective locations, such that respec-
tive locations are displaced from the center lines.
[0009] DocumentUS 2004/140759 A1 describes a pol-
ymer OLED that is used to increase uniformity in thick-
ness of a layer formed of polymer ink, and to prevent
mixing of colors. The OLED includes a substrate having
afirst electrode layer formed thereon in a predetermined
pattern, an insulator layer formed on the substrate form-
ing a channel in a predetermined pattern, an organic pol-
ymer layer formed based on the channel and having at
least an emission layer, a barrier formed at either side of
the insulator layer of at least one end of the channel for
preventing ink for the organic polymer layer from running
out of both ends of the channel, and a second electrode
layer formed on the polymer organic layer.

[0010] Document US 2005/008769 A1 aims at reduc-
ing or preventing the generation of streak unevenness in
athin film patternformed using a droplet ejecting method.
A liquid applying treatment is described, where a liquid
material is applied to a pixel area having a major axis
and a minor axis by a droplet ejecting method, and an
ejecting treatment along minor axis direction where, in
the liquid applying treatment, a nozzle head of a droplet
ejecting apparatus is scanned along a minor axis direc-
tion of the pixel area, and a droplet is ejected to the pixel
area from an inkjet nozzle included in the nozzle head in
the scanning process.
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Prior Art References
[0011]

Patent Document 1: Japanese Patent Application
Laid-Open No.2004-362818

Patent Document 2: Japanese Patent Application
Laid-Open No.2003-266669

Patent Document 3: US Patent No.7091660
Patent Document 4: Japanese Patent Application
Laid-Open No.2008-15309

Patent Document 5: U.S. Patent Application Publi-
cation No.2008/0113282

Patent Document 6: Japanese Patent Application
Laid-Open No.2008-108570

Patent Document 7: Japanese Patent Application
Laid-Open No0.2007-80545

Disclosure of Invention
Problems to be Solved by the Invention

[0012] In the case of forming an organic light-emitting
layer on a display substrate having linear banks formed
thereon using an ink jet device, as shown in FIG.1,

1) ink jet head 120 of the ink jet device is arranged
in an upper portion (or a lower portion) with respect
to a line direction of linear banks 111 of display sub-
strate 100 (at this point, preferably, the arrangement
is made so that the line direction of linear banks 111
and an alignment direction of nozzles 121 are per-
pendicular to each other),

2)while ink jethead 120 s relatively movedin parallel
to the line direction of linear banks 111 (that is, while
transporting substrate 100 in the direction shown by
an arrow),

3) droplets are discharged from nozzles 121 into lin-
ear region 110 defined by linear banks 111 to form
an organic light-emitting layer.

[0013] In this way, the relative movement of the ink jet
head in parallel to the line direction of the linear banks
prevents ink to be applied into one linear region from
erroneously intruding into the adjacent linear region. That
is, in a color display, for example, a linear region in which
an R organic light-emitting layer is formed, a linear region
in which a G organic light-emitting layer is formed, and
a linear region in which a B organic light-emitting layer
is formed are repeatedly arranged, so that a stripe pattern
is formed. Therefore, ink containing an organic light-emit-
ting material must be reliably prevented from leaking into
the adjacent linear region to cause color mixture. For this
purpose, ink is discharged while an ink jet head is rela-
tively moved in parallel to the line direction of the linear
banks.

[0014] In this case, droplets are always discharged
from the same nozzles into one linear region defined by
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linear banks. That is, for every region defined by linear
banks, its corresponding nozzles that supply (discharge)
droplets into the region is set.

[0015] Asdescribed above, itis difficult to set the sizes
of all nozzles that an ink jet head has to be strictly fixed.
Typically, it is said that the dimension error resulting from
machining of a nozzle is about =5%. Therefore, accord-
ing to the foregoing method, the amount of supplied ink
slightly differs from one region defined by linear banks
to another. The difference in amount of supplied ink caus-
es formed organic light-emitting layers to have different
thicknesses; the difference in thickness among organic
light-emitting layers leads to differences in amount of
emitted light, intensity of emitted light and wavelength of
emitted light. When the amount of emitted light, the in-
tensity of emitted light, and the wavelength of emitted
light differ from one region defined by linear banks to
another as mentioned above, it has been found that a
person visually recognizes the differences as a streak
when a display is driven.

[0016] An object of the invention is to suppress non-
uniformity in thickness of an organic light-emitting layer
from one line to another even when an organic light-emit-
ting layer is formed on a display substrate having linear
banks by applying ink onto the substrate using ink jetting
with an ink jet head having non-uniformity of nozzles.
This allows an organic EL display having highimage qual-
ity without streaks to be manufactured. Further, an object
of a preferred aspect of the invention is to provide a meth-
od of manufacturing a high definition organic EL display
in which color mixture is suppressed.

These objects are achieved by the present invention as
claimed in the independent claim. Advantageous and
preferred embodiments of the present invention are de-
fined by the dependent claims.

[0017] According to afirstaspect, itis provided a meth-
od of manufacturing an organic EL display as follows.

[1]1 A method of manufacturing an organic EL display,
comprising:

preparing a display substrate having a sub-
strate, two or more linear banks arranged on the
substrate and being in parallel to each other,
and two or more pixel regions arranged in linear
regions defined by the linear banks;

arranging an ink jet head which has two or more
nozzles aligned in a row at a given pitch and to
which ink containing an organic light-emitting
material is supplied, to a side with respect to a
line direction of the linear banks; and

relatively moving the ink jet head in a direction
perpendicular to the line direction of the linear
banks and discharging the ink from the nozzles
to apply the ink to every linear region defined by
the linear banks.

[2] The manufacturing method as described in [1],
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further comprising waiting until the ink applied to the
linear regions defined by the linear banks becomes
uniform and then drying a solvent contained in the
ink.

[3] The manufacturing method as described in [1],
wherein a distance from a nozzle at one end to a
nozzle at another end, among the nozzles arranged
inthe ink jet head, is equal to or greater than alength
in the line direction of the linear regions of the sub-
strate.

[4] The manufacturing method as described in [1],
wherein

a speed of relatively moving the ink jet head in the
direction perpendicular to the line direction of the lin-
ear banks is inconstant; and

the speed of relatively moving while the ink is dis-
charged from the nozzles to the linear region defined
by the linear banks is lower than the speed of rela-
tively moving while the ink is not discharged.

[5] The manufacturing method as described in [1],
wherein the ink discharged from the nozzles lands
on a forward side in the linear regions defined by the
linear banks, with respect to a relative moving direc-
tion of the display substrate to the ink jet head. head.
[6] The manufacturing method as described in [1],
wherein:

as to a set of the linear banks defining one of
the linear regions, a linear region side of one
linear bank has lower wettability than a linear
region side of the other linear bank, the one lin-
ear bank being forward in the relative moving
direction of the display substrate with respect to
the inkjet head, the other linear bank being rear
in the relative moving direction of the display
substrate with respect to the inkjet head.

According to a second aspect, it is provided
[7]1 an organic EL display, comprising:

a substrate;

a plurality of linear banks arranged on the sub-
strate and being in parallel to each other;

two or more pixel regions arranged in a linear
region defined by the linear banks; and

a linear organic light-emitting layer arranged in
the linear region including the pixel regions,

wherein contacts between the linear organic light-
emitting layer and the linear banks have a fixed
height in a line direction.

[8] In the manufacturing method according to [1],
the linear region includes at least a first linear region
and a second linear region, the first linear region pro-
vided at one end of the substrate, the second linear
region provided at an opposite end of the substrate,
wherein

10

15

20

25

30

35

40

45

50

55

a contact between the linear organic light-emitting
layer arranged in the first linear region and the linear
bank at the one end side of the substrate is lower in
height than a contact between the linear organic
light-emitting layer arranged in the second linear re-
gion and the linear bank at the opposite end side of
the substrate.

Advantageous Effects of Invention

[0018] According to a method of the invention, al-
though organic light-emitting layers are formed on a dis-
play substrate having linear banks by an ink jet method,
variations in thickness of the organic light-emitting layer
from one linear region to another can be suppressed. An
organic EL display without luminance unevenness is
therefore obtained. Further, according to a preferred
method of the invention, a high definition organic EL dis-
play in which color mixture is suppressed is obtained.

Brief Description of Drawings
[0019]

FIG.1 shows a state in which an organic light-emit-
ting layer is formed in a line shape by coating by a
typical ink jet method;

FIG.2A shows an arrangement state of organic light-
emitting layers; and FIG.2B shows an arrangement
state of linear banks and pixel regions;

FIG.3A shows a state of forming an organic light-
emitting layer in a line shape by coating with an ink
jet method in the invention;

FIG.3B shows a state of forming an organic light-
emitting layer in a line shape by coating with an ink
jet method of the invention;

FIG.3C shows a state of forming an organic light-
emitting layer in a line shape by coating with an ink
jet method of the invention;

FIG.4 shows a state of forming an organic light-emit-
ting layer in a line shape by coating with an ink jet
method of the invention;

FIG.5 shows a state of forming an organic light-emit-
ting layer in a line shape by coating with an ink jet
method of the invention;

FIG.6 shows a state of forming an organic light-emit-
ting layer in a line shape by coating with an ink jet
method in the invention;

FIG.7 illustrates that the states of landingink droplets
vary depending on substrate transport speeds;
FIG.8 shows a state of adjusting landing positions
of ink droplets to prevent color mixture;

FIG.9 shows a state of obtaining uniformity of a coat-
ed film utilizing surface tension of ink with respect to
a bank;

FIG.10 illustrates a simulation of leveling of ink dis-
charged into linear regions;

FIG.11 is a graph showing a relationship among sur-
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face tension of ink with respect to a linear region
(coating region), ink viscosity, and time until a coated
film is leveled: where symbol 0 is a plot in the case
where surface tension of the coated fim is 20
dyn/cm; symbol (s a plotin the case where surface
tension of the coated film is 30 dyn/cm; and symbol
A is a plot in the case where surface tension of the
coated film is 40 dyn/cm;

FIG.12 shows cross-sections perpendicular to a line
direction of organic light-emitting layers formed in
linear regions defined by linear banks of an organic
EL display of the invention;

FIG.13 shows cross-sections perpendicular to a line
direction of organic light-emitting layers formed in
linear regions defined by linear banks of a conven-
tional organic EL display;

FIG.14 shows cross-sections in parallel to a line di-
rection of organic light-emitting layers formed in lin-
ear regions defined by linear banks of an organic EL
display of the invention;

FIG.15 shows cross-sections in parallel to a line di-
rection of organic light-emitting layers formed in lin-
earregions defined by linear banks of a conventional
organic EL display;

FIG.16 schematically shows a state of manufactur-
ing linear banks by a printing method; and

FIG.17 shows a state when depositing a cathode
electrode by sputtering.

Best Mode for Carrying Out the Invention

[0020] An organic EL display manufactured by the in-
vention has two or more linear banks arranged in parallel
to each other. The linear bank may be forward tapered
or reverse tapered, and preferably forward tapered. The
material for a first bank may be any material as long as
it has insulating properties; however it is preferable that
the material be an insulating resin (such as polyimide).
The surface of the linear bank may be subjected to a
fluoridation process using fluorine gas plasma or the like
to reduce its wettability.

[0021] Theline direction of the linear bank may be any
direction. Typically, the linear bank is in parallel to the
short axis direction of a display or in parallel to its long
axis direction.

[0022] An organic light-emitting layer is arranged in a
line shape in a region (linear region) sandwiched be-
tween linear banks adjacent to each other. FIG.2A shows
a state of an organic EL display in which a cathode elec-
trode and the like are omitted to expose organic light-
emitting layers. As shown in FIG.2A, R organic light-emit-
ting layer 15R, G organic light-emitting layer 15G or B
organic light-emitting layer 15B is formed in each linear
region 12, and they are repeatedly arranged (forming a
stripe pattern). It is preferable that the thickness of an
organic light-emitting layer be from about 50 to 100 nm
(for example, 60 nm).

[0023] FIG.2B shows a state in which organic light-
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emitting layers 15R, 15G, and 15B are omitted to expose
pixel region 13. As shown in FIG.2B, two or more pixel
regions 13 are arranged in rows in linear region 12. Pixel
regions 13 are not independently partitioned so that a
liquid in the each pixel is not interfere with movement to
adjacent pixel. Pixel regions 13 are linked to one another
so that the liquid can move among them through gaps
17. In other words, ink discharged into linear region 12
can freely move in linear region 12.

[0024] Ineach pixelregion 13, atleast a pixel electrode
(typically an anode electrode) is arranged. In the case of
employing an active type, an anode electrode is inde-
pendently arranged in every pixelregion while in the case
of employing a passive type, anode electrodes are ar-
ranged in a stripe pattern. In the case of employing bot-
tom emission, an anode electrode needs to be a trans-
parent electrode, and may be an indium-tin-oxide (ITO)
electrode or the like. In the case of employing top emis-
sion, an anode electrode is preferably a reflecting elec-
trode, and may be a silver electrode, a silver-palladium-
copper alloy (also referred to as "APC") electrode or the
like. In the case of employing an active type, an anode
electrode is connected to a drain electrode of a thin film
transistor (TFT).

[0025] A hole transport layer and an electron blocking
layer may be arranged on and above the anode elec-
trode. The hole transport layer is a layer made of a hole
transfer material. The materials for the hole transport lay-
er may be oxide such as WO, (tungsten oxide), MoO,
(molybdenum oxide) or VO, (vanadium oxide), or a com-
bination of these materials. The hole transfer material
may be poly(3,4-ethylenedioxythiophene) doped with
polyethylene sulfonate (referred to as "PEDOT-PSS"),
or its derivative (such as copolymer). The thickness of a
hole transport layer is typically 10 nm or more and 100
nm or less, and can be about 30 nm.

[0026] The electron blocking layer has a role that
blocks electrons from being transported to the hole trans-
port layer and a role that transports holes to an organic
light-emitting layer with efficiency, and is made of, for
example, a polyaniline material. The thickness of an elec-
tron blocking layer is typically 10 nm or more and 100
nm or less, and can be about 40 nm.

[0027] As such, the organic light-emitting layer is ar-
ranged over the whole linear region including two or more
pixel regions aligned in a row. That is, the organic light-
emitting layer extends over two or more pixel regions
aligned in a row.

[0028] A method of manufacturing an organic EL dis-
play panel according to the invention includes 1) prepar-
ing a display substrate before organic light-emitting lay-
ers are formed (see FIG.2B), 2) arranging an ink jet head
beside the prepared display substrate, and 3) applying
ink containing an organic light-emitting material by ink
jetting to form an organic light-emitting layer.

[0029] The display substrate before forming organic
light-emitting layers is, for example, the substrate shown
in FIG.2B, and includes a substrate, a plurality of linear
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banks in parallel to each other, and a plurality of pixel
regions arranged in linear regions sandwiched between
the linear banks. In pixel regions 13 at this point, for ex-
ample, anode electrodes are exposed, hole injection
transport layers are exposed, or electron blocking layers
are exposed.

[0030] In the ink jet head arranged beside the sub-
strate, a plurality of nozzles are arranged in a row. Ink
containing an organic light-emitting material is supplied
to the head, and the ink is discharged as droplets from
the nozzles.

[0031] The organic light-emitting material contained in
ink is preferably a polymeric luminescent material, and
examples of the polymeric luminescent material include
poly phenylene vinylene (PPV) and its derivatives, poly
acetylene and its derivatives, polyphenylene and its de-
rivatives, poly para phenyleneethylene and its deriva-
tives, poly 3-hexyl thiophene (P3HT) and its derivatives,
poly fluorene (PF) and its derivatives, and the like.
[0032] The ink jet head is arranged beside the sub-
strate. Specifically, the ink jet head is arranged in a side
with respect to the line direction of the linear banks, and
more specifically in a side with respect to the line direction
of a linear bank at the farthest end among a plurality of
linear banks. The alignment direction of nozzles of the
arranged ink jet may be in parallel to the line direction of
linear banks of the substrate (see FIG.3).

[0033] Comparative example not forming part of the
invention: As shown in FIG.3A, itis preferable thatamong
nozzles 21 (21-1 to 21-n) arranged in ink jet head 20, a
distance from nozzle 21-1 at one end to nozzle 21-n at
the other end be equal to or greater than the length in
the line direction of linear region 12 of substrate 10. This
is because ink can be applied over the whole linear region
12 at a time. When the alignment direction of nozzles 21
of ink jet head 20 is inclined with respect to the line di-
rection of linear region 12, it is preferable that "the com-
ponent in the foregoing line direction of the distance from
nozzles 21-1 to nozzle 21-n" be equal to or greater than
the length in the line direction of linear region 12.
[0034] As shown in FIG.3B, a comparative example
not forming part of the invention, ink jet head 20 may be
arranged so as to be inclined with respect to the line
direction. This can decrease the pitch of droplet landing
in one linear region, enabling the time required for lev-
eling to be reduced. However, the inclining of ink jet head
20 causes time differences in landing of droplets on the
same linear region. Therefore, an ink droplet that has
first landed on a region dries and increases its viscosity
until the final ink droplet lands on the region, which inter-
feres with leveling after droplets are connected. To solve
this drawback, as shown in FIG.3C, a plurality of ink jet
heads (20-1 to 20-6) are arranged so as to be each in-
clined with respect to the line direction. This enables re-
duction of the time differences in droplet landing to short-
en the time required for connecting droplets over the
whole linear region. The leveling in the linear region can
therefore be ensured. If a plurality of ink jet heads are
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overlapped, the time required for connecting droplets
over the whole linear region can further be shortened.
[0035] Applying ink in this way allows ink discharged
from all nozzles to be leveled in the linear region even if
there are variations in discharge caused by size varia-
tions among nozzles. Variations in applied film thickness
can therefore be suppressed. However, it is not neces-
sarily required for ink amount corresponding to the de-
sired film thickness to be applied in a single scan. The
applying of ink to the whole linear region 12 may be com-
pleted by repeating scanning a plurality of times. If ink is
applied by repeating scanning a plurality of times, how-
ever, the viscosity of the ink applied in the former scan-
ning may increase to suppress leveling in its connection
portion with ink applied in the latter scanning. Therefore,
in the case of using a solvent that easily evaporates, such
as ink solvent of an organic light-emitting material, it is
desirable that ink be applied over the whole linear region
in a single scan.

[0036] It is preferable that the pitch between nozzles
21 arranged in a row in ink jet head 20 be from 10 to 50
pm, and be, for example, about 20 um. This is for the
purpose of causing ink discharged from nozzles 21 to be
mutually connected at the point on which the ink lands.
It is also preferable that the amount of ink per droplet of
the droplets discharged from nozzles 21 be from 1 to 15
pl, and be, for example, 3 pl.

[0037] Itis preferable thatdroplets land also on gap 17
between the pixel regions shown in FIG.2B. The landing
of droplets on gap 17 makes it possible to connect ink of
the pixel regions to level them with reliability, even though
wettability of pixel regions 12 differ from that of gap 17
between the pixel regions. It is also preferable that an
electron blocking layer be provided in the whole linear
region before a light-emitting layer is applied to make the
wettability of pixel regions 12 equal to the wettability of
gap 17 between the pixel regions. As a result, ink of the
pixel regions can be connected with reliability to improve
leveling.

[0038] Itis preferable thatthe heightof gap 17 between
the pixel regions be greater to some extent than the
height of pixel regions 13. However, the difference in
height is set so as not to be too large, and the applied
film immediately after the applying of ink covers gap 17
so as to avoid interfering with leveling. Thus, while
achieving leveling, ink is concentrated into pixel region
13 in a drying process to effectively use an ink material.
[0039] Next, ink jet head 20 is moved relatively with
respect to display substrate 10 in a direction perpendic-
ular to the line direction of linear banks 11 of display sub-
strate 10. Ink jet head 20 may be moved, or substrate 10
may be transported, or both of them may be moved.
When, as aresult of the relative movement of ink jet head
20, nozzles 21 of ink jet head 20 reach one of linear re-
gions 12 (see FIG.4), droplets of ink are discharged from
nozzles 21.

[0040] The amount of applied ink is from 100 to 500 pl
per pixel. A plurality of droplets may be discharged from
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one nozzle into one pixel, thereby supplying the required
amount of ink.

[0041] The discharged droplets of ink land on linear
region 12. As mentioned above, there are two or more
pixel regions 13 in linear region 12, and droplets that
have landed on one pixel region can move (wet and
spread) to the adjacent pixel region. Since droplets can
move between pixel regions, the thickness of the whole
applied film formed in linear region 12 is made uniform
(see FIG.10).

[0042] That is, as mentioned above, the amount of
droplets discharged from nozzles 21 of ink jet head 20
may differ from one nozzle to another. According to the
invention, the thickness of the applied film is made uni-
form (leveled) in linear region 12. Therefore, even though
there is a difference among the amounts of droplets from
nozzles 21, the applied film in linear region 12 is made
uniform.

[0043] Upon completion of discharging of droplets of
ink into one linear region 12, ink jet head 20 is further
relatively moved so as to move nozzles 21 of ink jet head
20 to next linear region 12 into which droplets of ink are
to be discharged (see FIG.5). Typically, R ink, G ink and
Bink are applied by their respective individual scans, and
therefore droplets of ink are discharged into every three
linear regions. When nozzles 21 reach desired linear re-
gion 12, droplets of ink are discharged again to cause
the droplets to land on linear region 12. This is repeated
to apply ink to all linear regions 12 into which the ink is
to be applied (see FIG.6).

[0044] Since ink is supplied into every linear region 12
in succession in this way, all the linear regions are coated
by discharging from the same nozzles. The same amount
of ink can therefore be supplied to all linear regions 12.
In other words, variations in thickness of the applied film
from one linear region to another are reduced. Conse-
quently, streaks can be prevented from occurring when
the regions constitute a display.

[0045] Further,the other colorinkis applied in the same
way as mentioned above, so that ink of all of R, G and B
is applied.

[0046] As described above, the line direction of the lin-
ear banks of an organic EL display according to the in-
vention may be in parallel to the short axis direction of
the display, or may also be in parallel to the long axis
direction. If the line direction of the linear banks is in par-
allel to the shortaxis direction, an ink jet head for scanning
can be made in a smaller size. In the case where light
emission unevenness slightly occurs because of varia-
tions in nozzles, the light emission unevenness occurs
in a small region and therefore is not conspicuous. On
the other hand, if the line direction of the linear banks is
in parallel to the long axis direction, the scanning distance
of an ink jet head is shortened. This enables coating to
be completed in a short time to improve productivity, and
also enables drying unevenness during coating to be
suppressed.
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Color Mixture Prevention

[0047] If ink is supplied into every linear region 12 in
succession as described above, a risk of erroneously
mixing ink into the adjacent linear region increases, while
variations in thickness of the applied film from one linear
region to another are reduced. The mixture of ink into the
adjacent linear region causes color mixture, remarkably
reducing the image quality as a display. In particular, if
the speed of relative movement of the ink jet head and
the substrate is increased in order to increase productiv-
ity, the occurrence rate of color mixture increases. That
is, as shown in FIG.7A, when the speed of relative move-
ment is low, a droplet lands within desired linear region
12 with more reliability while, as shown in FIGS.7B and
7C, as the relative movement speed increases, the area
for landing of a droplet expands in the direction of the
movement, and it may be difficult for a droplet to land
within desired linear region 12 (see FIG.7C).

[0048] To prevent color mixture as mentioned above,
it can be considered to change the relative movement
speed (e.g., the transport speed of the substrate) de-
pending on whether ink is discharged from nozzles or
not. In other words, when the position of nozzles corre-
sponds to the linear region, the relative movement speed
is decreased so as to cause droplets discharged from
nozzles to land on the linear region with reliability. On
the other hand, during movement of the nozzles from the
linear region into which ink has been applied to the next
linear region, it is preferable that the relative movement
speed be increased to increase productivity. The relative
movement speed (preferably the transport speed of the
substrate) when droplets are discharged is preferably
from 50 to 300 mm/s, while the relative movement speed
(preferably the transport speed of the substrate) when
droplets are not discharged is not particularly limited, and
is, for example, 400 mm/s or more.

[0049] To prevent color mixture as mentioned above,
as shown in FIGS.8A and 8B, ink droplet 14 may be land-
ed on the forward side in the transport direction of the
substrate (on the rear side in the movement direction of
the ink jet head) in linear region 12. The ink unevenly
distributed in the forward in the transport direction of the
substrate naturally spreads toward the rear in the trans-
port direction by wind pressure caused by transport of
the substrate, thereby enabling formation of applied film
16 (FIG.8C). The substrate itself may optionally be tilted
so as to raise the forward in the transport direction of the
substrate after the ink application.

[0050] Further, as shown in FIG.9, the surface tension
(wettability) of linear bank 11 is utilized. In FIG.9A, the
wettability of the surface on the side of region 12 of linear
bank 11ais equal to the wettability of the surface on the
side of region 12 of linear bank 11b. The linear bank 11a
is forward in the transport direction (see arrow) of sub-
strate 10, and the linear bank 11b is rear in the transport
direction of substrate 10. As shown in FIG.9A, an ink
droplet that has landed in the forward in the transport
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direction of the substrate does not spread evenly, and
therefore the thickness of organic light-emitting layer 15
is unlikely to become uniform, as shown in FIG.9B.
[0051] On the other hand, in FIG.9C, linear banks 11
define linear region 12, and the wettability of surface 30
on the side of region 12 of linear bank 11b is higher than
the wettability of the surface on the side of region 12 of
linear bank 11a. The linear bank 11b is rear in the trans-
port direction of the substrate, and the linear bank 11a
is forward in the transport direction of the substrate. As
shown in FIG.9C, ink can wet and spread over the whole
linear region 12 even though an ink droplet lands in the
forward in the transport direction of the substrate. As a
result, organic light-emitting layer 15 having a uniform
film thickness is obtained as shown in FIG.9D.

[0052] Itis preferable thata manufacturing method ac-
cording to the invention be carried out in this way by com-
bining measures for reliably preventing color mixture.

Waiting

[0053] It is preferable that after ink is discharged to a
linear region (including a plurality of pixel regions), it be
waited until the thickness of an applied film of the ink is
made uniform (leveled), and then a solvent of the ink be
removed. Specifically, waiting refers to that the substrate
is left in the atmosphere or in an inert gas atmosphere.
[0054] The time for waiting varies mainly depending
on the viscosity of ink and the surface tension of the ink
with respect to a region to which the ink is applied. The
viscosity of ink containing an organic light-emitting ma-
terial to be applied by an ink jet device is from about 5 to
20 cps. The surface tension of ink with respect to aregion
to which the ink is applied is from 20 to 40 dyn/cm. Here-
inbelow, results of the time until the applied film is made
uniform obtained by a simulation using the theory of Or-
chard are shown.

[0055] Three pixel regions 13 arranged in the region
(linear region) defined by the linear banks are assumed
(see FIG.10). A length 1 in FIG.10 is about 1 mm. The
state in which applied film 16 having £100% variations
is formed in this region is set as the initial state (FIG.10A).
The time from the initial state to a state in which variations
of the applied film is leveled to 1% (FIG.10B) is ob-
tained. The result is shown in a graph of FIG.11.

[0056] Thevertical axis of the graphinFIG.11 indicates
time (sec) required for leveling; and the horizontal axis
indicates the viscosity (cps)of ink constituting an applied
film. Plots of & represent results in the case where the
surface tension of the applied region is 20 dyn/cm; plots
of O represent results in the case where the surface ten-
sion of the applied region is 30 dyn/cm; and plots of A
represent results in the case where the surface tension
of the coated region is 40 dyn/cm.

[0057] Asshown in the graph of FIG.11, it is found that
leveling is completed in 5 to 20 seconds in any case.
Accordingly, it is found that the thickness of the coated
film becomes uniform after waiting for 5 to 20 seconds
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after applying of ink.

[0058] As a matter of course, the waiting time may be
affected by evaporation of a solvent from the applied film,
and therefore is adjusted in accordance with the actual
conditions.

[0059] After waiting, with the whole display substrate
placed in the high-temperature environment or in the re-
duced-pressure environment, the solvent is removed
from a leveled applied film (drying process). Thereby, an
organic light-emitting layer is formed. In this way, an or-
ganic light-emitting layer having a highly uniform thick-
ness is formed in each linear region, and variations in
thickness of the organic light-emitting layer among linear
regions are reduced.

[0060] After the organic light-emitting layers are
formed, an electron injection transport layer, an opposite
electrode (typically a cathode electrode) and the like are
layered to produce an organic EL device, and further a
sealing film, a glass substrate and the like are arranged,
thereby manufacturing a display.

[0061] The material of a cathode electrode layer differs
depending on whether the display is a bottom emission
type oratop emissiontype. Inthe case ofthe top emission
type, the cathode electrode needs to be transparent, and
therefore it is preferable that an ITO electrode, an indium
zinc oxide (I1ZO) electrode or the like be formed. It is pref-
erable that a buffer layer and the like be formed between
the organic light-emitting layer and the cathode electrode
layer. On the other hand, in the case of the bottom emis-
sion type, the cathode electrode need notbe transparent,
and an electrode made of any material may be used.
[0062] The cathode electrode may be formed on the
organic light-emitting layer arranged in each pixel region,
andis sometimes formed so as to cover all pixels included
in one linear region. The cathode electrode is typically
formed by a sputtering method or a deposition method.
Further, the cathode electrode need not always be sep-
arated by linear region. That is, when an anode electrode
is controlled independently for every pixel electrode as
in an active-matrix type, a TFT element that drives the
pixel electrode is independent, and therefore the cathode
electrode can be shared among a plurality of linear re-
gions.

[0063] An organic EL display panel obtained by the
method of the invention may be sealed by further provid-
ing a cover material to a surface on which the cathode
electrode is formed. With the cover material, intrusion of
moisture and oxygen is suppressed.

[0064] The organic EL display panel obtained by the
method of the invention can be manufactured as de-
scribed above, and can have structural features in a re-
lationship between organic light-emitting layers formed
in linear regions by coating and linear banks.

[0065] A first feature of the organic EL display panel
obtained by the method of the invention is that the heights
of contacts between an organic light-emitting layer ar-
ranged in each linear region and linear banks are fixed
in the line direction. As shown in FIG.12, when attention
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is focused on one linear region (linear region X, Y or Z),
the thickness of organic light-emitting layer 15 is fixed in
the line direction. That is, regarding organic light-emitting
layer 15 formed in each linear region (linear region X, Y
or Z) in FIG.12-1, a cross-section along the line A-A
(FIG.12-2), a cross-section along the line B-B (FIG.12-3),
and a cross-section along the line C-C (FIG.12-4) are
approximately identical to one another; the heights of
contacts between organic light-emitting layer 15 and lin-
ear banks 111 are fixed in the line direction. The fixed
height means that a difference between the minimum
height and the maximum height is within 20% (preferably
10%) of the film thickness with a pixel of the organic light-
emitting layer serving as the center. This is because ac-
cording to a method of the invention, there is no large
difference in the drying environment for a coating liquid
in one linear region.

[0066] In contrast, in an organic light-emitting layer
formed by providing a coating liquid along the line direc-
tion of linear banks, variations in the line direction easily
occur among the heights of contacts between the organic
light-emitting layer and linear banks in one linear region
(see FIG.13). That is, regarding an organic light-emitting
layerformedineachlinearregion (X', Y’ orZ’)inFIG.13-1,
a cross-section along the line A’-A’ (FIG.13-2), a cross-
section along the line B’-B’ (FIG.13-3), and a cross-sec-
tion along the line C-C’ (FIG.13-4) are not fixed, and
variations are large. For example, when attention is fo-
cused onlinear region X’, a cross-section in A’is stranded
on a side surface of bank 111 at the right side; a cross-
section in C’ is not stranded on a side surface of bank
111. In the case of providing a coating liquid along the
line direction, there is a large difference in the drying en-
vironment of the coating liquid in one linear region, and
therefore such variations occur.

[0067] The organic EL display panel having banks
sometimes deteriorates gradually in its long-term use. It
is considered that one of causes of the deterioration is
that an outflow from the bank acts on the organic light-
emitting layer. The outflow from the bank is, for example,
moisture and an organic matter containing a hydroxyl
group. The degree of deterioration of the organic light-
emitting layer because of an outflow from the bank is
considered to be affected by a positional relationship be-
tween the organic light-emitting layer and the bank.
[0068] The distance between pixels adjacent to each
other in each linear region is very short. Therefore, when
a difference occurs in the degree of deterioration of the
pixels to cause a difference in light-emitting characteris-
tic, the difference is visually recognized with ease as light
emission unevenness of a display.

[0069] As mentioned above, in the organic EL display
obtained by the method of the invention, the heights of
contacts between the an organic light-emitting layer and
linear banks can be fixed in every linear region. There-
fore, the degree of progress of long-term deterioration
can be the same among organic light-emitting devices
included in one linear region. Accordingly, light emission
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unevenness of a display can be suppressed even in the
long-term use.

[0070] A secondfeature ofthe organic EL display panel
obtained by the method of the invention is as follows.
The height of contact between an organic light-emitting
layer formed in a linear region on one end of a display
panel and linear bank are greater than the height of con-
tact between an organic light-emitting layer formed in a
linear region on the other end of the display panel and
linear banks. As shown in FIG.12-1, since the drying
speed of a coating liquid applied to linear region X in an
end on a side (right side) where coating of substrate 100
starts is rapid, organic light-emitting layer 15 formed by
drying is likely to be stranded on a side surface of bank
111 (see FIGS.12-2 to 12-4). On the other hand, since
the drying speed of a coating liquid applied to linear re-
gion Z in an end on a side (left side) opposite to the side
where coating of substrate 100 starts is slow, formed
organic light-emitting layer 15 is unlikely to be stranded
on a side surface of bank 111.

[0071] As a matter of course, the film thickness profile
of an organic light-emitting layer in each pixel affects the
light-emitting characteristic. Moreover, even with a dif-
ference of the film thickness profile that is not visually
recognized as the light-emitting characteristic, the heat
generation characteristic may be varied. Specifically,
since organic light-emitting layer 15 formed in linear re-
gion X arranged in one end (on a side where coating
starts) of a display panel in FIG.12-1 tends to have a
large film thickness distribution, the amount of heat gen-
eration of an organic light-emitting device in linear region
X is relatively large. On the other hand, since organic
light-emitting layer 15 formed in linear region Z arranged
in the other end of the display panel has a suppressed
film thickness distribution, the amount of heat generation
of organic light-emitting device 15 in linear region Z is
relatively small.

[0072] Thus, when the organic EL display obtained by
the method of the invention is driven, heat is easily gen-
erated from one end to produce a flow of heat therefrom
(see arrow H). If such a flow of heat does not exist, a
temperature distribution in the form of a concentric circle
around the vicinity of the center of the panel occurs. The
use in a long period is likely to cause light emission un-
evenness corresponding to this temperature distribution.
The light emission unevennessin the form of a concentric
circle around the vicinity of the center of the panel is easy
to visually recognize. When a flow of heat occurs as in
the display obtained by the method of the invention, the
temperature distribution is not in the form of a concentric
circle around the center of the panel. In this case, even
if light emission unevenness occurs, it is difficult to visu-
ally recognize the unevenness.

[0073] One of the sealing structure of the organic EL
display is a structure referred to as a "can sealing struc-
ture." The can sealing structure is a structure that puts a
sealing can on a display substrate on which an organic
light-emitting device is formed, so that the organic light-
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emitting device is protected from the external environ-
ment. In the can sealing structure, heat tends to stay
inside the sealing can. When a flow of heat is produced
inside the sealing can, a heatdistribution is made uniform
by convection. Further, moisture and oxygen gas present
in the interior of the sealing can move by the flow of heat.
When an adsorbent that absorbs moisture and oxygen
gas is arranged at a downstream position, moisture and
oxygen gas can be removed with efficiency.

[0074] A third feature of the organic EL display ob-
tained by the method of the invention is that film thickness
profiles in the line direction of organic light-emitting layers
formed in linear regions are similar to one another. That
is, as shownin FIG.14-1, any one of organic light-emitting
layers 15 formed in linear regions is relatively thick atone
position (G) in the line direction; it is relatively thin at
another position (H) in the line direction (see FIGS.14-2
to 14-4). FIG.14-2 is a cross-sectional view taken along
the line D-D of FIG.14-1; FIG.14-3 is a cross-sectional
view taken along the line E-E of FIG.14-1; FIG.14-4 is a
cross-sectional view taken along the line F-F of FIG.14-1.
[0075] As described above, nozzles of an ink jet head
vary in size, and their sizes are not necessarily constant.
According to a coating method of the invention, droplets
simultaneously fall over the whole one linear region, and
the thickness of the coated film is made uniform (leveled).
Therefore, the thickness of an organic light-emitting layer
is made uniform over the whole linear region. However,
variations in the sizes of nozzles, variations in the tem-
peratures of nozzles and variations in the drying states
of nozzles, which have no influence on light-emitting
characteristic, are reflected in the thickness of an organic
light-emitting layer to cause a distribution of the thick-
ness.

[0076] Even if the organic light-emitting layer of the or-
ganic EL display obtained by the method of the invention
has a distribution in thickness, thickness distributions in
the line direction of organic light-emitting layers of any
linear regions are similar (see FIGS.14-2 to 14-4). That
is, positions in the line direction of the thickest portions
or the thinnest portions of organic light-emitting layers in
linearregions are exactly aligned or vary within a distance
2 to 8 times as long as the nozzle pitch. Therefore, even
if a stress is applied to a display such that the display is
curved in the line direction (bent around an axis perpen-
dicular to the line direction), deformations in the thickness
directionin alllinear regions are the same. This suppress-
es damage to organic light-emitting layers.

[0077] On the other hand, as shown in FIG.15-1, in
organic light-emitting layers 15 formed by providing a
coating liquid along the line direction of linear banks, their
film thickness profiles in the line direction differ from one
linear region to another and are not similar (FIGS.15-2
to 15-4). That is, FIG.15-2 is a cross-sectional view taken
along the line D’-D’ of FIG.15-1; FIG.15-3 is a cross-sec-
tional view taken along the line E-E’ of FIG.15-1;
FIG.15-4isacross-sectional view (FIG.15-4) taken along
the line F’-F’ of FIG.15-1. The film thickness profiles of
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any organic light-emitting layers 15 differ from one an-
other. In such a case, when a stressis applied to adisplay
such that the display is curved in the line direction (bent
around an axis perpendicular to the line direction), de-
formations in the thickness direction greatly differ from
one adjacent linear region to another. This adds damage
to organic light-emitting layers.

[0078] The organic EL display panel can be made as
a flexible display (e.g., a roll display or a folding display).
As a usage of a flexible display, for example, it is con-
ceivable to bend the display in parallel with the extending
direction of linear banks. If the thickness profile of an
organic light-emitting layer in one linear region distinctly
differs from the thickness profile of an organic light-emit-
ting layer in another linear region, the organic light-emit-
ting layer in the one linear region is likely to be broken
upon bending the display in parallel with the extending
direction of linear banks. In a method of coating along
the line direction of linear banks, an organic light-emitting
layer having a distinctly different thickness profile is
sometimes formed because of variations in ink jet noz-
Zles. In this case, the whole organic light-emitting layer
is broken. As a result, the quality as a display cannot be
ensured. In the organic EL display obtained by the meth-
od of the invention, even if there are variations in the
nozzles of an ink jet head, a coating liquid applied into a
linear region is made even. This makes it difficult to form
an organic light-emitting layer having a distinctly different
thickness profile. As mentioned above, in the organic EL
display obtained by the method of the invention, thick-
ness profiles in the line direction of organic light-emitting
layers in linear regions are similar. Therefore, even if
each of the organic light-emitting layers has portion hav-
ing a distinct thickness can be formed, the portions are
aligned along the line perpendicular to the line direction.
Therefore, the organic light-emitting layer is unlikely to
be broken with bending the display in parallel with the
extending direction of linear banks.

[0079] Linear banks of the organic EL display obtained
by the method of the invention may be formed by a pho-
tolithography method, and may also be formed by a print-
ing method. Examples of the printing method include a
gravure offset printing method. As shown in FIG.16, ac-
cording to a printing method, a bank material (e.g., aresin
material) placed on the surface of printing cylinder 200,
so-called cylinder, is transferred onto substrate 100 to
form linear banks 111. The shapes of linear banks 111
formed by the printing method are precisely the same in
the line direction. That is, variations in shape in the line
direction are the same for any linear banks 111.

[0080] Whenbyamethodoftheinventioninkisapplied
in each linear region of linear banks formed by a printing
method, through leveling of the coating liquid the shape
profile of the organic light-emitting layer is hard to be
reflected by the variations in shape in the linear bank. On
the other hand, if an organic light-emitting layer is formed
by supplying a coating liquid along the line direction of
linear banks to each linear region defined by linear banks
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formed by a printing method, not only the shape profile
of the organic light-emitting layer is likely to be reflected
by the variations in shape in the linear bank, but also the
variations of nozzles of an ink jet head and the shape
variations in the line direction of linear banks might be
combined together.

[0081] The organic EL display panel obtained by the
method of the invention is sometimes provided with a
color filter for every pixel in order to increase color purity.
The color filter is made of a colored layer arranged be-
tween linear banks adjacent to each other. In the case
of forming a colored layer of this color filter by an ink jet
method, variations of nozzles of an ink jet head some-
times cause unevenness in the color filter. To address
this, when an organic light-emitting layer is formed by
coating liquid along the direction perpendicular to the line
direction of linear banks as inthe invention, itis preferable
that a color filter be formed by coating liquid along the
line direction of linear banks. This is for the purpose of
suppressing combining of mutual variations. For the sake
of costreduction, acolored layer of the color filteris some-
times applied along linear regions in succession by a
dispenser or the like. In this case, it is preferable that an
organic light-emitting layer be formed by coating in a di-
rection perpendicular to the linear banks so that mutual
variations are not combined together.

[0082] The cathode electrode of the organic EL display
obtained by the method of the invention is sometimes
deposited by sputtering. For example, in the case of a
top emission type organic EL display, ITO, which is a
transparent electrode, is sometimes deposited as a cath-
ode electrode by sputtering. Sputtering deposition can
be performed, for example, using a magnetron sputtering
device, which transports a member on which a cathode
electrode is to be deposited (a display substrate on which
an organic light-emitting device with no cathode elec-
trode) to cause it to pass through a sputter region. Since
the environment of the sputter region is not necessarily
uniform (with variations), slight streaks can occur along
the transport direction in a film formed by sputtering.
[0083] Inthe case where an organic light-emitting layer
is formed by coating liquid along the direction perpendic-
ularto the line direction of linear banks as in the invention,
as shown in FIG.17, when a cathode electrode is depos-
ited by sputtering, it is preferable that substrate 100 be
transported along the line direction of linear banks (i.e.,
the longitudinal direction of organic light-emitting layer
15) to pass through sputter region 300. This is for the
purpose of suppressing combining of variations of noz-
zles of an ink jet head and variations in the sputter region
together.

[0084] In the case of an active-matrix organic EL dis-
play, cathode electrodes of all organic light-emitting pix-
els can be made conductive. When the substrate is trans-
ported along the line direction of linear banks to pass
through a sputter region, the coverage is increased to
suppress thinning or cutting of the deposited cathode on
the bank. Therefore, conductivity of the cathode elec-
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trode can be improved .

[0085] Further, the organic EL display obtained by the
method of the invention can have a sealing resin layer
that seals an organic light-emitting device formed on a
substrate. To seal the organic light-emitting device with
resin layer, for example, sealing resin can be applied to
adisplay substrate on which an organic light-emitting de-
vice is arranged; and placing a sealing substrate (glass
substrate) on the display substrate, a gap between the
display substrate and the sealing substrate is filled with
sealing resin. When the display substrate and the sealing
substrate are brought into close contact to each other,
the sealing resin spreads in the gap along the line direc-
tion of linear banks. Since the sealing resin spreads along
the line direction, streaks in the line direction sometimes
occur in the formed sealing resin layer.

[0086] As mentioned above, the organic light-emitting
layer of the organic EL display obtained by the method
of the invention is formed by coating liquid along the di-
rection perpendicular to the line direction of linear banks,
and therefore streaks in the line direction are unlikely to
occur. Therefore, light emission unevenness due to
streaks in the foregoing sealing resin can be suppressed.
In contrast, in the organic light-emitting layer formed by
providing a coating liquid along the line direction of linear
banks, streaks in the line direction are likely to occur.
Therefore, there is a potential of emphasizing light emis-
sion unevenness in combination with streaks of the fore-
going sealing resin.

Industrial Applicability
[0087] With a manufacturing method of the invention,
a high definition organic EL display without streaks is

provided.

Description of Reference Numerals

[0088]

100  substrate
110  linear region
111 linear bank
120  ink jet head
121 nozzle

10 substrate

11 linear bank
12 linear region
13 pixel region

14 ink droplet
15, 15R, 15G, 15B organic light-emitting layer
16 applied film

17 gap

20 ink jet head

21 nozzle

200  printing cylinder

300 sputter region
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Claims

A method of manufacturing an organic electrolumi-
nescent (EL) display, comprising:

providing a display substrate having a substrate
(10), at least two linear banks (11) arranged on
the substrate (10) in parallel, and at least two
pixel regions (13) arranged in linear regions (12)
defined by the at least two linear banks (11),
wherein adjacent pixel regions (13) arranged in
a linear region (12) are separated by a gap re-
gion (17);

arranging a plurality of ink jet heads (20-1 to
20-6) adjacent to one another at an edge of the
substrate (10), the edge being parallel to a line
direction of the at least two linear banks (11),
each ink jet head (20-1 to 20-6) being inclined
with respect to the line direction,

the plurality of ink jet heads (20-1 to 20-6) each
including at least two or more nozzles (21-1 to
21-n) aligned in a row at a predetermined pitch,
wherein ink containing an organic light-emitting
material is supplied to the at least two nozzles
(21-1 to 21-n); and

moving the plurality of ink jet heads (20-1 to
20-6) relative to the display substrate in a direc-
tion perpendicular to the line direction of the at
least two linear banks (11) and discharging the
ink from the at least two nozzles (21-1 to 21-n)
to apply the ink to each of the linear regions (12)
to form an organic light-emitting layer on the at
least two pixel regions (13);

characterized in that

as to a pair of the at least two linear banks (11) de-
fining one of the linear regions (12), a linear region
side of one linear bank (11) of the pair has lower
wettability for the ink than a linear region side of the
other linear bank (11) of the pair,

the one linear bank (11) being rear in the moving
direction of the plurality of ink jet heads (20-1 to 20-6)
relative to the display substrate , the other linear
bank (11) being forward in the moving direction of
the plurality of ink jet heads (20-1 to 20-6) relative to
the display substrate.

The manufacturing method according to claim 1, fur-
ther comprising, after the ink discharging step, wait-
ing until the ink applied to the linear regions (12) de-
fined by the at least two linear banks (11) becomes
uniform in thickness, and then drying a solvent con-
tained in the ink.

The manufacturing method according to claim 1,
wherein

a speed of moving the plurality of ink jet heads (20-1
to 20-6) relative to the display substrate in the direc-
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tion perpendicular to the line direction of the at least
two linear banks (11) is variable; and

the speed of moving the plurality of ink jet heads
(20-1 to 20-6) relative to the display substrate while
the ink is discharged from the at least two nozzles
(21-1 to 21-n) to the linear regions (12) defined by
the at least two linear banks (11) is less than the
speed of moving the plurality of ink jet heads (20-1
to 20-6) relative to the display substrate while the ink
is not discharged.

The manufacturing method according to claim 1,
wherein the ink discharged from the at least two noz-
zles (21-1 to 21-n) lands on a rear side in the linear
regions (12) defined by the at least two linear banks
(11), with respect to the moving direction of the plu-
rality of ink jet heads (20-1 to 20-6) relative to the
display substrate , the ink landing on the rear side
and spreading toward a forward side in the linear
regions (12) defined by the at least two linear banks
(11), with respect to the moving direction of the plu-
rality of ink jet heads (20-1 to 20-6) relative to the
display substrate.

Patentanspriiche

Herstellungsverfahren eines organischen Elektrolu-
mineszenzdisplays (ELD), umfassend:

Bereitstellen eines Anzeigesubstrats mit einem
Substrat (10), mindestens zwei linearen Banken
(11), die parallel auf dem Substrat (10) ange-
ordnetsind, und mindestens zwei Pixelregionen
(13), die in linearen Regionen (12) angeordnet
sind, welche von den mindestens zwei linearen
Banken (11) definiert werden, wobei benachbar-
te Pixelregionen (13), die in einer linearen Re-
gion (12) angeordnet sind, durch eine Spaltre-
gion (17) getrennt sind;

Anordnen einer Vielzahl von Tintendruckkdpfen
(20-1 bis 20-6) nebeneinander an einem Rand
des Substrats (10), wobei der Rand parallel zu
einer Linienrichtung der mindestens zwei linea-
ren Banke (11) verlduft, wobei jeder Tinten-
druckkopf bezuglich der Linienrichtung geneigt
ist,

wobei die Vielzahl von Tintendruckkdpfen (20-1
bis 20-6) jeweils mindestens zwei oder mehr Du-
sen (21-1 bis 21-n) aufweist, die mit einer vor-
gegebenen Neigung in einer Reihe ausgerichtet
sind, wobei Tinte, die ein organisches lichtemit-
tierendes Material enthalt, zu den mindestens
zwei Disen (21-1 bis 21-n) geleitet wird; und
Bewegen der Vielzahl von Tintenstrahldruck-
kdpfen (20-1 bis 20-6) relativ zu dem Substrat
in einer Richtung lotrecht zu der Linienrichtung
der mindestens zwei linearen Banke (11) und
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AusstoRen der Tinte aus den mindestens zwei
Dusen (21-1 bis 21-n), um die Tinte auf jede der
linearen Regionen (12) aufzubringen und eine
organische lichtemittierende Schicht auf den
mindestens zwei Pixelregionen (13) zu bilden;

dadurch gekennzeichnet, dass

bei einem Paar der mindestens zwei linearen Banke
(11), welches eine der linearen Regionen (12) defi-
niert, eine lineare Regionsseite einer linearen Bank
(11) des Paares eine geringere Benetzungsfahigkeit
fur die Tinte als eine lineare Regionsseite der ande-
ren linearen Bank (11) des Paares aufweist,

die eine lineare Bank (11) hinten in der Bewegungs-
richtung der Vielzahl von Tintendruckkdpfen (20-1
bis 20-6) relativ zu dem Anzeigesubstrats angeord-
net ist, die andere lineare Bank (11) vorne in der
Bewegungsrichtung der Vielzahl von Tintendruck-
kopfen (20-1 bis 20-6) relativ zu dem Anzeigesubst-
rat angeordnet ist.

Herstellungsverfahren nach Anspruch 1, des Weite-
ren umfassend, nach dem Schritt zum Aussto3en
der Tinte, Warten bis die auf die linearen Regionen
(12), welche von den mindestens zwei linearen Ban-
ken (11) definiert wird, aufgebrachte Tinte eine
gleichmaRige Dicke aufweist, und dann Trocknen ei-
nes in der Tinte enthaltenen Losungsmittels.

Herstellungsverfahren nach Anspruch 1, wobei
eine Bewegungsgeschwindigkeit der Vielzahl von
Tintendruckkdpfen (20-1 bis 20-6) relativzu dem An-
zeigesubstrat in der Richtung lotrecht zu der Linien-
richtung der mindestens zwei linearen Banke (11)
variabel ist; und

die Bewegungsgeschwindigkeit der Vielzahl von
Tintendruckkdpfen (20-1 bis 20-6) relativzu dem An-
zeigesubstrat, wahrend die Tinte aus den mindes-
tens zwei Disen (21-1 bis 21-n) auf die linearen Re-
gionen (12) ausgestoflRen wird, die von den mindes-
tens zwei linearen Bénken (11) definiert werden, ge-
ringer als die Bewegungsgeschwindigkeit der Viel-
zahl von Tintendruckkopfen (20-1 bis 20-6) relativ
zu dem Anzeigesubstrat ist, wahrend die Tinte nicht
ausgestoRen wird.

Herstellungsverfahren nach Anspruch 1, wobei die
von den mindestens zwei Diisen (21-1 bis 21-n) aus-
gestollene Tinte auf einer Rickseite in den linearen
Regionen (12) landet, die von den mindestens zwei
linearen Banken (11) definiert werden, bezuiglich der
Bewegungsrichtung der Vielzahl von Tintendruck-
képfen (20-1 bis 20-6) relativ zu dem Anzeigesubst-
rat, und wobei die Tinte auf der Rlickseite landet und
sich nach vorne zu einer Vorderseite in den linearen
Regionen (12) ausbreitet, die von den mindestens
zwei linearen Banken (11) definiert werden, beziig-
lich der Bewegungsrichtung der Vielzahl von Tinten-
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druckkopfen (20-1 bis 20-6) relativ zu dem Anzeige-
substrat.

Revendications

Procédé de fabrication d’'un dispositif d’affichage
électroluminescent (EL) organique, comprenant :

la fourniture d’'un substrat d’affichage compor-
tant un substrat (10), au moins deux bancs li-
néaires (11) agenceés sur le substrat (10) en pa-
ralléle et au moins deux régions de pixels (13)
agencées dans des régions linéaires (12) défi-
nies par les au moins deux bancs linéaires (11),
dans lequel des régions de pixels adjacentes
(13) agencées dans unerégion linéaire (12) sont
séparées par une région d'espace (17) ;
I'agencement d’une pluralité de tétes a jet d’en-
cre (20-1 a 20-6) adjacentes entre elles au ni-
veau d’'un bord du substrat (10), le bord étant
paralléle a la direction de ligne des au moins
deuxbancslinéaires (11), chaque téte ajetd’en-
cre (20-1 a 20-6) étant inclinée par rapport a la
direction de ligne,

les tétes de la pluralité de tétes a jet d’encre
(20-1 a 20-6) incluant chacune au moins deux
buses (21-1 a 21-n) alignées dans une rangée
avec un espacement prédéterminé, dans lequel
de I'encre contenant un matériau électrolumi-
nescent organique est fournie aux au moins
deux buses (21-1 a 21-n) ; et

le déplacement de la pluralité de tétes ajet d’en-
cre (20-1 a 20-6) par rapport au substrat d’affi-
chage dans une direction perpendiculaire a la
direction de ligne des au moins deux bancs li-
néaires (11) et I'évacuation de I'encre des au
moins deux buses (21-1 a 21-n) pour appliquer
I’encre a chacune desrégionslinéaires (12) pour
former une couche électroluminescente organi-
que sur les au moins deux régions de pixels
(13);

caractérisé en ce que

en ce qui concerne une paire des au moins deux
bancs linéaires (11) définissant une des régions li-
néaires (12), un cété de région linéaire d’'un banc
linéaire (11) de la paire posséde une mouillabilité a
I’encre inférieure a celle du cb6té de région linéaire
de l'autre banc linéaire (11) de la paire,

le premier banc linéaire (11) étant en arriére dans la
direction de déplacement de la pluralité de tétes a
jetd’encre (20-1 a 20-6) par rapport au substrat d’af-
fichage, 'autre banclinéaire (11) étanten avantdans
la direction de déplacement de la pluralité de tétes
a jet d’encre (20-1 a 20-6) par rapport au substrat
d’affichage.
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Procédé de fabrication selon la revendication 1,
comprenant en outre, aprés I'étape d’évacuation
d’encre, I'attente que I'encre appliquée aux régions
linéaires (12) définies par les au moins deux bancs
linéaires (11) devienne d’une épaisseur uniforme,
puis le séchage du solvant contenu dans I'encre.

Procédé de fabrication selon larevendication 1, dans
lequel

la vitesse de déplacement de la pluralité de tétes a
jetd’encre (20-1 a 20-6) par rapport au substrat d’'af-
fichage dans la direction perpendiculaire a la direc-
tion de ligne des au moins deux bancs linéaires (11)
est variable ; et

la vitesse de déplacement de la pluralité de tétes a
jetd’encre (20-1 a 20-6) par rapport au substrat d’'af-
fichage pendant que I'encre est évacuée des au
moins deux buses (21-1 a 21-n) vers les régions li-
néaires (12) définies par les au moins deux bancs
linéaires (11) est inférieure a la vitesse de déplace-
ment de la pluralité de tétes a jet d’encre (20-1 a
20-6) par rapport au substrat d’affichage pendant
que I'encre n’est pas évacuée.

Procédé de fabrication selon larevendication 1, dans
lequel I'encre évacuée par les au moins deux buses
(21-1 a 21-n) atterrit sur le cété arriere des régions
linéaires (12) définies par les au moins deux bancs
linéaires (11) par rapport a la direction de déplace-
ment de la pluralité de tétes a jet d’encre (20-1 a
20-6) relativement au substrat d’affichage, I'encre
atterrissant sur le coté arriére et s’étalant vers le coté
avant dans les régions linéaires (12) définies par les
au moins deux bancs linéaires (11) par rapport a la
direction de déplacement de la pluralité de tétes a
jet d’encre (20-1 a 20-6) relativement au substrat
d’affichage.
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