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(7) ABSTRACT

To provide a method of efficiently manufacturing an organic
light-emitting element with excellent light-emitting charac-
teristics by application, the method includes: preparing ink
and filling an inkjet device having an ink ejection nozzle with
the ink; preparing a substrate having a base layer including a
first electrode; and positioning the inkjet device above the
substrate, and causing the inkjet device to eject a drop of the
ink onto the base layer, wherein, in the preparation of the ink,
a value 7 denoting a reciprocal of the Ohnesorge number Oh
determined by density p (g/m?), surface tension y (mNm),
and viscosity 1 (mPa-s) of the ink and a diameter r (mm) of the
ink ejection nozzle satisfies Formula 1, in the ejection of the
drop of the ink, speed V (m/s) of the ejected drop satisfies
Formula 2, and the value 7 and the speed V (/s) satisfy
Formula 3.
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FIG. 7
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FIG. 3

100

90

80

70

60

50

40

Placement accuracy 6 0 {4 m)

30

20

10

Value Z

Z > 3 (Lower limit of value Z)



Patent Application Publication ~ Nov. 7,2013 Sheet 9 of 40 US 2013/0292661 A1

FIG. 9A
- | —@— Mw 100k
g 25 borombi o 250
o | —A— Mw 400k
o 2 } S ,
> : :
Q
«©
5 15 |
Q
(8]
«
£
(o]
[&]
S 5 |
n.
0
0 2 4 6 8 10
Value Z
FIG. 9B
20 ¥ e mnine -
. —@— Mw 100k
; —0— Mw 250k
8 15 oo Mo 400K
m N
(]
a
c 10 |-
.0
s
[&]
(0]
2
~N
b 5 |
0
0 2 4 6 8 10



Patent Application Publication = Nov. 7,2013 Sheet 10 of40  US 2013/0292661 A1

FI1G. 10

Nozzle

Ligament length




Patent Application Publication = Nov. 7,2013 Sheet 11 0of40  US 2013/0292661 A1

FIG. 11A
1200 — ——
- —@— Mw 100k
e | - —\— Mw 400k
= _ ;
b
o 600 [
+
oy
o :
| :
0
0 2 4 6 8 10
Value Z
FIG. 11B
1200 ; —
 —@— Mw 100k
1000 T —— Mw 250k |
£ . —x— Mw 400k
3 800 - : |
= N
&
o 600
el
[¢}]
§ 400
-
200
0

0% 1% 2% 3% 4%
Concentration of ink (wt/vol)



Patent Application Publication ~ Nov. 7,2013 Sheet 12 of 40
FIG. 12A
60
= 50 |-
= :
(3]
>
3
= 30 -
(o] :
3
g @ Mw 100k
S ol O Mw 250k |
a
VirAy A Mw 400k
0 .
0 500 1000 1500
Ligament length (1t m)
FIG. 128
20
O
(V]
a
2]
c 10 |-
.0
v
O
[
wr ;
~
b 5| ® Mw 100k |
O Mw 250k
A Mw 400k
0 .
0 500 1000 1500

Ligament length (1t m)

US 2013/0292661 A1



Patent Application Publication =~ Nov. 7,2013 Sheet 13 0f40  US 2013/0292661 A1

FIG. 13A
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FIG. 15
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FIG. 16
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FIG. 19A
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FIG. 20A
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FIG. 21A
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FIG. 26
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FIG. 27
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FIG. 29

30 1
V=-2 +847 +
4} s | v 217L:n(Z§) 47 4 ]
B q
™ H H—. ] \.E/
= e
.y 20 - 7r_ .. 5 '%3.3
b o &
© v 5
g B L> 145
© v 2
3 ol :
o
§ 10 I AR ;‘3"
g : =
£ ;:
8 5 2 2]
©
a
0 1
0 1 10 100
- Value Z



Patent Application Publication =~ Nov. 7,2013 Sheet 30 of40  US 2013/0292661 A1

FIG. 30
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FIG. 33
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FIG. 34
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FIG. 38
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METHOD FOR PRODUCING ORGANIC
LIGHT-EMITTING ELEMENT, ORGANIC
DISPLAY PANEL, ORGANIC
LIGHT-EMITTING DEVICE, METHOD FOR
FORMING FUNCTIONAL LAYER, INK,
SUBSTRATE, ORGANIC LIGHT-EMITTING
ELEMENT, ORGANIC DISPLAY DEVICE,
AND INKIJET DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a method of manu-
facturing an organic light-emitting element, an organic dis-
play panel, an organic light-emitting device, a method of
forming a functional layer, ink, a substrate, an organic light-
emitting element, an organic display device, and an inkjet
device.

BACKGROUND ART

[0002] Organic light-emitting elements, which have
recently been studied and developed, are light-emitting ele-
ments making use of the phenomenon of electroluminescence
occurring in functional material and have a structure in which
an organic light-emitting layer formed from functional mate-
rialis interposed between an anode and a cathode. In a process
of manufacturing such organic light-emitting elements, func-
tional material is deposited on a substrate by a vapor deposi-
tion method using a mask to form a functional layer including
an organic light-emitting layer.

[0003] As an alternative to the vapor deposition method, an
application method has been proposed (Patent Literature 1).
Inthe application method, the functional material is dissolved
in a solvent to form ink, the ink is applied to a substrate by
ejecting the ink from an ink ejection nozzle of an inkjet
device, and then the solvent is volatilized to form an organic
light-emitting layer. In this method, there is no need to per-
form the process in a vacuum chamber and to use the mask.
This method is thus preferred in terms of mass production.

CITATION LIST
Patent Literature

Patent Literature 1

[0004] Japanese Patent Application Publication No. 2009-
267299
SUMMARY OF INVENTION
Technical Problem
[0005] In order to manufacture an organic light-emitting

element with excellent light-emitting characteristics by the
application method, it is necessary to form an organic light-
emitting layer having a uniform film thickness and shape by
applying ink exactly to a light-emitting layer-forming region
on the substrate. To this end, ink drops ejected from the inkjet
device have to have preferred flight characteristics. That is to
say, the ink drops have to arrive straight at a desired destina-
tion without breaking up.

[0006] The flight characteristics of ink drops, however, are
variable depending on the properties of ink, such as the den-
sity, the surface tension, the viscosity, and a droplet diameter
of the ink. It is not easy to control the flight characteristics,
because correlations among these properties are unclear. The
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flight characteristics also vary depending on factors other
than the properties of the ink, such as the droplet diameter of
the ink, which is determined primarily by a diameter of the ink
ejection nozzle, and speed at which ink drops are ejected from
the ink ejection nozzle. This makes it more difficult to control
the flight characteristics.

[0007] Itis a fact that, each time ink or an inkjet head is
replaced with a new one, the flight characteristics are evalu-
ated by actually ejecting the ink by using the new ink or inkjet
head while making modifications to various factors affecting
the flight characteristics, to seek a condition providing pre-
ferred flight characteristics. It takes a long time to determine
the condition. To address the above-mentioned problem, it is
necessary to develop technology to estimate the condition
providing preferred flight characteristics with ease and accu-
racy.

[0008] In view of the above-mentioned problem, the pri-
mary objective of the present invention is to provide a method
of efficiently manufacturing an organic light-emitting ele-
ment with excellent light-emitting characteristics by an appli-
cation method, through easy and accurate estimation of the
condition providing preferred flight characteristics.

Solution to Problem

[0009] To achieve the above-mentioned objective, a
method of manufacturing an organic light-emitting element
pertaining to one aspect of the present invention includes:
preparing ink including functional material as a material fora
functional layer and a solvent dissolving the functional mate-
rial, and filling an inkjet device having an ink ejection nozzle
with the ink, the functional material having a weight-average
molecular weight greater than zero and equal to or less than
400,000, preparing a substrate having a base layer including
a first electrode; positioning the inkjet device above the sub-
strate, and causing the inkjet device to eject a drop of the ink
onto the base layer of the substrate; forming the functional
layer by drying the ink ejected onto the base layer of the
substrate; and forming a second electrode above the func-
tional layer, wherein in the preparation of the ink, when a
value 7 denotes a reciprocal of the Ohnesorge number Oh
determined by density p (g/m’), surface tension y (mN-m),
and viscosity 1) (mPa-s) of the ink and a diameter r (mm) of the
ink ejection nozzle, the value 7, is within a range of Formula
1, in the ejection of the drop of the ink, speed V (m/s) of the
ejected drop of the ink is within a range of Formula 2, and the
value Z and the speed V (m/s) satisfy Formula 3:

0.7sZ=30

where Z=1/Ohnesorge number Ok=(r-p-y)"2/n (Formula 1);

3=V=6 (Formula 2); and

V<-0.95 Ln(Z)+7.63 (Formula 3).

Advantageous Effects of Invention

[0010] In the method of manufacturing the organic light-
emitting element pertaining to one aspect of the present
invention, when the value 7 denotes the reciprocal of the
Ohnesorge number Oh determined by the density p (g/m>),
the surface tension y (mN-m), and the viscosity 1 (mPa-s) of
the ink and the diameter r (mm) of the ink ejection nozzle, the
value 7 is within the range of Formula 1 shown above, the
speed V (m/s) of the ejected drop of the ink is within the range
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of Formula 2 shown above, and the value Z and the speed V
(m/s) satisfy Formula 3 shown above. Since only two vari-
ables, i.c. the value Z and the speed V (m/s), are used, it is easy
to estimate a variation of the flight characteristics. Further-
more, since there are high correlations between the value 7
and the flight characteristics and between the speed V (m/s)
and the flight characteristics, accurate estimation is possible.
Therefore, the condition providing preferred flight charactet-
istics can be estimated with ease and accuracy. As a result, the
organic light-emitting element with excellent light-emitting
characteristics can efficiently be manufactured by the appli-
cation method.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 illustrates three forces affecting flight char-
acteristics of an ink drop.

[0012] FIG. 2 illustrates ink drop placement accuracy.
[0013] FIG. 3 shows experimental results on a relation
between a value 7 and the placement accuracy in a low-
molecular weight range.

[0014] FIG. 4 shows experimental results on a relation
between the value Z and the placement accuracy in a medium-
molecular weight range.

[0015] FIG. 5 shows experimental results on a relation
between the value 7 and the placement accuracy in a high-
molecular weight range.

[0016] FIG. 6 shows the relation between the value Z and
the placement accuracy in the low-molecular weight range.
[0017] FIG. 7 shows the relation between the value Z and
the placement accuracy in the medium-molecular weight
range.

[0018] FIG. 8 shows the relation between the value Z and
the placement accuracy in the high-molecular weight range.
[0019] FIGS. 9A and 9B show effects of the weight-aver-
age molecular weight on the value 7 and the flight character-
istics.

[0020] FIG. 10 illustrates a ligament length.

[0021] FIGS. 11A and 11B show effects of the weight-
average molecular weight on the ligament length.

[0022] FIGS. 12A and 12B show relations between the
ligament length and the flight characteristics.

[0023] FIGS. 13A, 13B, and 13C show effects of ejection
frequency on the value Z and the placement accuracy.
[0024] FIGS. 14A, 14B, and 14C show effects of the ejec-
tion frequency on the value 7 and ejection speed V.

[0025] FIG. 15 shows a relation between the ejection speed
V and the placement accuracy.

[0026] FIG. 16 shows a relation between the ejection speed
V and a variation of the ejection speed.

[0027] FIGS.17A, 17B, 17C, and 17D illustrate examples
of how an ink drop breaks up.

[0028] FIG. 18 shows a relation between the value Z and a
satellite generation speed.

[0029] FIGS. 19A and 19B illustrate examples of an ink
drop in an area [ of FIG. 18.

[0030] FIGS. 20A and 20B illustrate examples of an ink
drop in an area I of FIG. 18.

[0031] FIGS. 21A and 21B illustrate examples of an ink
drop in an area I11 of FIG. 18.

[0032] FIG. 22 shows arelation between the value Z and the
satellite generation speed.

[0033] FIG. 23 shows experimental results on the relation
between the value Z and the satellite generation speed in the
low-molecular weight range.
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[0034] FIG. 24 shows experimental results on the relation
between the value Z and the satellite generation speed in the
medium-molecular weight range.

[0035] FIG. 25 shows experimental results on the relation
between the value Z and the satellite generation speed in the
high-molecular weight range.

[0036] FIG. 26 shows the relation between the value Z and
the satellite generation speed in the low-molecular weight
range.

[0037] FIG. 27 shows the relation between the value Z and
the satellite generation speed in the medium-molecular
weight range.

[0038] FIG. 28 shows the relation between the value Z and
the satellite generation speed in the high-molecular weight
range.

[0039] FIG. 29 shows relations between the value Z and the
satellite generation speed, and between the value 7 and the
placement accuracy in the low-molecular weight range.
[0040] FIG. 30 shows relations between the value 7 and the
satellite generation speed, and between the value Z and the
placement accuracy in the medium-molecular weight range.
[0041] FIG. 31 shows relations between the value Z and the
satellite generation speed, and between the value Z and the
placement accuracy in the high-molecular weight range.
[0042] FIG. 32 shows relations between the value 7 and the
satellite generation speed, and between the value 7 and the
placement accuracy in all of the ranges.

[0043] FIG. 33 shows a relation among the value Z, con-
centration of ink, and viscosity 1 of the ink.

[0044] FIG. 34 is a schematic diagram illustrating a lami-
nated structure of layers included in an organic display panel
pertaining to one aspect of the present invention.

[0045] FIG. 35 illustrates a structure of an inkjet device
pertaining to one aspect of the present invention.

[0046] FIGS. 36A to 36G are a process chart showing a
method of manufacturing an organic light-emitting element
pertaining to one aspect of the present invention.

[0047] FIGS. 37A to 37E are a process chart showing the
method of manufacturing the organic light-emitting element
pertaining to one aspect of the present invention.

[0048] FIG. 38 is a perspective view illustrating an organic
display device pertaining to one aspect of the present inven-
tion and the like.

[0049] FIG. 39 illustrates an overall structure of a display
device pertaining to one aspect of the present invention.
[0050] FIGS. 40A and 40B illustrate an organic light-emit-
ting device pertaining to one aspect of the present invention.

DESCRIPTION OF EMBODIMENTS

[0051] The following describes a method of manufacturing
an organic light-emitting element, an organic display panel,
an organic light-emitting device, a method of forming a func-
tional layer, ink, a substrate, an organic light-emitting ele-
ment, an organic display device, and an inkjet device pertain-
ing to one aspect of the present invention, with reference to
the drawings.

Overview of One Aspect of Present Invention

[0052] A method of manufacturing an organic light-emit-
ting element pertaining to one aspect of the present invention
includes: preparing ink including functional material as a
material for a functional layer and a solvent dissolving the
functional material, and filling an inkjet device having an ink
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ejection nozzle with the ink, the functional material having a
weight-average molecular weight greater than zero and equal
to or less than 400,000; preparing a substrate having a base
layer including a first electrode; positioning the inkjet device
above the substrate, and causing the inkjet device to eject a
drop of the ink onto the base layer of the substrate; forming
the functional layer by drying the ink ejected onto the base
layer of the substrate; and forming a second electrode above
the functional layer, wherein in the preparation of the ink,
when a value Z denotes a reciprocal of the Ohnesorge number
Oh determined by density p (g/m?), surface tensiony (mN-m),
and viscosity 1) (mPa-s) of the ink and a diameterr (mm) of the
ink ejection nozzle, the value Z is within a range of the
above-mentioned Formula 1, in the ejection of the drop of the
ink, speed V (m/s) of the ejected drop of the ink is within a
range of the above-mentioned Formula 2, and the value Z and
the speed V (m/s) satisfy the above-mentioned Formula 3.

[0053] 1In a particular aspect of the method of manufactur-
ing the organic light-emitting element pertaining to one
aspect of the present invention, the value Z is further within a
range of Formula 4, and the value Z and the speed V (m/s)
further satisfy Formula 5:

3=7<13 (Formula 4); and

V=-2.17 Ln(£)+8.47

[0054] In a particular aspect of the method of manufactur-
ing the organic light-emitting element pertaining to one
aspect of the present invention, the value 7 is two or more and
is ten or less, and the speed V is 3 ni/s or more and is 5 my/s or
less.

[0055] In a particular aspect of the method of manufactur-
ing the organic light-emitting element pertaining to one
aspect of the present invention, the density p of the ink is more
than 827 g/m? and is 1190 g/m? or less, the surface tension y
of the ink is more than 27.3 mN'm and is 41.9 mN-m or less,
the viscosity 1 of the ink is 0.9 mPas or more and is 35.0
mPa-s or less, and the diameter r of the ink ejection nozzle is
0.02 mm or more and is 0.03 mm or less.

[0056] 1In a particular aspect of the method of manufactur-
ing the organic light-emitting element pertaining to one
aspect of the present invention, the density p of the ink is 950
g/m’ or more and is 960 g/m? or less, the surface tension y of
the ink is 33.5 mN-m or more and is 33.9 mN-m or less, the
viscosity 1) of the ink is 3.0 mPa-s or more and is 7.7 mPa-s or
less, and the diameter r of the ink ejection nozzle is 0.02 mm
or more and is 0.03 mm or less.

[0057] In a particular aspect of the method of manufactur-
ing the organic light-emitting element pertaining to one
aspect of the present invention, in the preparation of the
substrate, the substrate has a plurality of openings corre-
sponding to respective pixel units and includes a plurality of
banks each formed above the base layer to partition adjacent
pixel units, and in the ejection of the drop of the ink, drops of
the ink are ejected onto the base layer in regions correspond-
ing to the openings between the banks.

[0058] An organic display panel pertaining to one aspect of
the present invention utilizes the organic light-emitting ele-
ment manufactured by the above-mentioned method.

[0059] An organic light-emitting device pertaining to one
aspect of the present invention utilizes the organic light-

emitting element manufactured by the above-mentioned
method.

(Formula 5).
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[0060] An organic display device pertaining to one aspect
of the present invention utilizes the organic light-emitting
element manufactured by the above-mentioned method.
[0061] A method of forminga functional layer pertaining to
one aspect of the present invention includes: preparing ink
including functional material as a material for the functional
layer and a solvent dissolving the functional material, and
filling an inkjet device having an ink ejection nozzle with the
ink, the functional material having a weight-average molecu-
lar weight greater than zero and equal to or less than 400,000,
preparing a substrate on which the functional layer is to be
formed; positioning the inkjet device above the substrate, and
causing the inkjet device to eject a drop of the ink onto the
substrate; and forming the functional layer by drying the ink
ejected onto the substrate; and, wherein in the preparation of
the ink, when a value Z denotes a reciprocal of the Ohnesorge
number Oh determined by density p (g/m?), surface tension y
(mN'm), and viscosity 1 (mPas) of the ink and a diameter r
(mm) of the ink ejection nozzle, the value 7 is within a range
of the above-mentioned Formula 1, in the ejection of the drop
of the ink, speed V (m/s) of the ejected drop of the ink is
within a range of the above-mentioned Formula 2, and the
value 7 and the speed V (m/s) satisfy the above-mentioned
Formula 3.

[0062] Inaparticular aspect of the functional layer pertain-
ing to one aspect of the present invention, the value 7 is
further within a range of the above-mentioned Formula 4, and
the value 7 and the speed V (m/s) further satisfy the above-
mentioned Formula 5.

[0063] In a particular aspect of the method of forming the
functional layer pertaining to one aspect of the present inven-
tion, the value Z is two or moreand is ten or less, and the speed
V is 3 m/s or more and is S nv's or less.

[0064] In a particular aspect of the method of forming the
functional layer pertaining to one aspect of the present inven-
tion, the density p of the ink is more than 827 g/m* and is 1190
g/m?> or less, the surface tension y of the ink is more than 27.3
mN-m and is 41.9 mN-m or less, the viscosity 1 of the ink is
0.9 mPa's or more and is 35.0 mPa-s or less, and the diameter
rofthe ink ejection nozzle is 0.02 mm ormore and is 0.03 mm
or less.

[0065] In a particular aspect of the method of forming the
functional layer pertaining to one aspect of the present inven-
tion, the density p of the ink is 950 g/m® or more and is 960
g/m?> or less, the surface tension y of the ink is 33.5 mN-m or
more and is 33.9 mN'm or less, the viscosity 1 of the ink is 3.0
mPa-s or more and is 7.7 mPa-s or less, and the diameter r of
the ink ejection nozzle is 0.02 mm or more and is 0.03 mm or
less.

[0066] An ink pertaining to one aspect of the present inven-
tion is ejected onto a substrate by an inkjet device having an
ink ejection nozzle, is dried to form a functional layer, and
includes: functional material as a material for the functional
layer, the functional material having a weight-average
molecular weight greater than zero and equal to or less than
400,000, and a solvent dissolving the functional material,
wherein, when a value Z denotes a reciprocal of the Ohne-
sorge number Oh determined by density p (g/m?), surface
tension ¥ (mN-m), and viscosity 1 (mPa-s) of the ink and a
diameter r (mm) of the ink ejection nozzle, the value 7 is
within a range of the above-mentioned Formula 1, speed V
(m/s) at which the ink is ejected is within a range of the
above-mentioned Formula 2, and the value Z and the speed V
(m/s) satisfy the above-mentioned Formula 3.
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[0067] 1In a particular aspect of the ink pertaining to one
aspect of the present invention, the value Z is further within a
range of the above-mentioned Formula 4, and the value Z and
the speed V (m/s) further satisfy the above-mentioned For-
mula 5.

[0068] In a particular aspect of the ink pertaining to one
aspect of the present invention, the ink includes the solvent
and the functional material as a material for the functional
layer of an organic light-emitting element; and is ejected onto
a base layer of the substrate for the organic light-emitting
element and dried to form the functional layer between a first
electrode included in the base layer and a second electrode
opposing the base layer.

[0069] In a particular aspect of the ink pertaining to one
aspect of the present invention, when the speed V 1s 3 m/s or
more and is 5 m/s or less, the value 7, which is determined by
the density p (g/m®), the surface tension y (mN-m), and the
viscosity 1 (mPa-s) of the ink, is two or more and is ten or less.
[0070] In a particular aspect of the ink pertaining to one
aspect of the present invention, when the diameter r of the ink
ejection nozzle is 0.02 mm or more and is 0.03 mm or less, the
density p of the ink is more than 827 g/m> and is 1190 g/m’ or
less, the surface tension y of the ink is more than 27.3 mN-m
and is 41.9 mN-m or less, and the viscosity m of the ink is 0.9
mPas or more and is 35.0 mPas or less.

[0071] In a particular aspect of the ink pertaining to one
aspect of the present invention, the density p of the ink is 950
g/m’ or more and is 960 g/m?> or less, the surface tension y of
the ink is 33.5 mN-m or more and is 33.9 mN-m or less, the
viscosity 1 of the ink is 3.0 mPa-s or more and is 7.7 mPa-s or
less, and the diameter r of the ink ejection nozzle is 0.02 mm
or more and is 0.03 mm or less.

[0072] A substrate pertaining to one aspect of the present
invention has the functional layer manufactured by using the
above-mentioned ink.

[0073] An organic light-emitting element pertaining to one
aspect of the present invention has the functional layer manu-
factured by using the above-mentioned ink.

[0074] An organic display panel pertaining to one aspect of
the present invention includes the organic light-emitting ele-
ment having the functional layer manufactured by using the
above-mentioned ink.

[0075] An organic light-emitting device pertaining to one
aspect of the present invention includes the organic light-
emitting element having the functional layer manufactured
by using the above-mentioned ink.

[0076] An organic display device pertaining to one aspect
of the present invention includes the organic light-emitting
element having the functional layer manufactured by using
the above-mentioned ink.

[0077] An inkjet device pertaining to one aspect of the
present invention is for containing therein ink including func-
tional material as a material for a functional layer and a
solvent dissolving the functional material, and ejects the ink
from an ink ejection nozzle onto a substrate to form the
functional layer, the functional material having a weight-
average molecular weight greater than zero and equal to or
less than 400,000, wherein, when a value Z denotes a recip-
rocal of the Ohnesorge number Oh determined by density p
(g/m®), surface tensiony (mN-m), and viscosity 1) (mPa-s) of
the ink and a diameter r (mm) of the ink ejection nozzle, the
value 7 is within a range of the above-mentioned Formula 1,
speed V (m/s) at which the ink is ejected is within a range of

Nov. 7,2013

the above-mentioned Formula 2, and the value Z and the
speed V (m/s) satisfy the above-mentioned Formula 3.
[0078] In aparticular aspect of the inkjet device pertaining
to one aspect of the present invention, the value Z is further
within a range of the above-mentioned Formula 4, and the
value Z and the speed V (m/s) further satisfy the above-
mentioned Formula 5.

[0079] In aparticular aspect of the inkjet device pertaining
to one aspect of the present invention, the functional material
included in the ink is a material for the functional layer of an
organic light-emitting element, and the ink is e¢jected onto a
base layer of the substrate for the organic light-emitting ele-
ment to form the functional layer between a first electrode
included in the base layer and a second electrode opposing the
base layer.

[0080] The substrate pertaining to one aspect of the present
invention has the functional layer manufactured by using the
above-mentioned inkjet device.

[0081] The organic light-emitting element pertaining to
one aspect of the present invention has the functional layer
manufactured by using the above-mentioned inkjet device.
[0082] The organic display panel pertaining to one aspect
of the present invention includes the organic light-emitting
element having the functional layer manufactured by using
the above-mentioned inkjet device.

[0083] The organic light-emitting device pertaining to one
aspect of the present invention includes the organic light-
emitting element having the functional layer manufactured
by using the above-mentioned inkjet device.

[0084] The organic display device pertaining to one aspect
of the present invention includes the organic light-emitting
element having the functional layer manufactured by using
the above-mentioned inkjet device.

Background Leading to Present Invention

[0085] Theinventors have perfected technology to estimate
a condition providing preferred flight characteristics with
ease and accuracy through experiments and considerations
described below.

[0086] <Considerations of Variables Used to Control Flight
Characteristics>

[0087] In considering variables used to control the flight
characteristics to estimate the condition providing preferred
flight characteristics with ease and accuracy, the inventors
focused on three physical forces (viscous resistance, inertial
force, and surface tension) affecting behavior of ink.

[0088] FIG. 1 illustrates the three forces affecting the flight
characteristics of an ink drop. As illustrated in FIG. 1, the
flight characteristics of the ink drop are determined by a
balance among the three forces, that is, the viscous resistance,
the inertial force, and the surface tension.

[0089] As shown in the following Equation 1, the viscous
resistance is determined by the viscosity and a droplet diam-
eter ' of the ink, and speed V at which the ink is ejected.

Viscous force=n-rv

[0090] As shown in the following Equation 2, the inertial
force 1s determined by the density p and the droplet diameter
1" of the ink, and the ejection speed V.

(Equation 1)

Inertial force=p-7?v?

[0091] As shown in the following Equation 3, the surface
tension is determined by the surface tension y and the droplet
diameter r' of the ink.

(Equation 2)

Surface tension=y-r (Equation 3)
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[0092] Taken together, there are five factors affecting the
flight characteristics of the ink drop, i.e. the density p, the
surface tension v, the viscosity 1, and the droplet diameter r'
of the ink, and the ejection speed V. Of these five factors, four
factors, that is, the density p, the surface tension vy, the vis-
cosity 1), and the droplet diameter t' of the ink are factors
relating to the properties of the ink, and only the ejection

7 = 1/Ohnesorge number Oh

= Reynolds number Nre/(Weber number Nwe)
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the density p, the surface tension vy, the viscosity and the
droplet diameter t' of the ink, as shown in the following
Equation 7, and the factor other than the factors relating to the
properties of the ink, i.e. the ejection speed V, can be elimi-
nated. Furthermore, the four factors relating to the properties
of the ink can collectively be expressed by a value Z denoting
a reciprocal of the Ohnesorge number Oh.

(Equation 7)

172

. . . . . . 172
= (inertial force/viscous force)/(inertial force/surface tension)

= (v r-php/O? iy

=(rpy)iy

speed V is a factor other than the factors relating to the
properties ofthe ink. When each of these factors is considered
as a variable, the number of variables is as many as five. To
make matters worse, correlations among these factors are
unclear, and this makes it extremely difficult to control the
flight characteristics.

[0093] In order to facilitate control over the flight charac-
teristics, the inventors attempted to reduce the number of
variables, and, to this end, focused on the Reynolds number
Nre, the Weber number Nwe, and the Ohnesorge number Oh.
[0094] The Reynolds number Nre is a dimensionless num-
ber defined as the ratio of the inertial force to the viscous
force, and is utilized to quantify “flow” in fluid mechanics. In
the present application, the Reynolds number Nre is consid-
ered to be associated primarily with the straightness of an ink
drop. As shown in the following Equation 4, the Reynolds
number Nre is expressed as the ratio of the inertial force to the
viscous force.

Reynolds number Nre=inertial force/viscous

force=vrpm (Equation 4)

[0095] The Weber number Nwe is a dimensionless number
thatis of importance in treating two-phase flow, and is utilized
to analyze deformation behavior when drops flow through the
air and a problem of interfacial stability of drops. In the
present application, the Weber number Nwe is considered to
be associated primarily with breakup characteristics of an ink
drop. As shown in the following Equation 3, the Weber num-
ber Nwe is expressed as the ratio of the inertial force to the
surface tension.

Weber number Nwe=inertial force/surface

tension=v>r-pA (Equation 5)

[0096] TheOhnesorge number Oh is a dimensionless num-
ber showing a relation among the viscous force, the inertial
force, and the surface tension. As shown in the following
Equation 6, the Ohnesorge number Oh is expressed as the
ratio of the Reynolds number Nre to the Weber number Nwe.

Ohnesorge number Oh=(Weber number Nwe)'%/Rey-

nolds number Nre (Equation 6)

[0097] By substituting the above-mentioned Equation 4
and Equation 5 into the above-mentioned Equation 6, the
balance among the three forces, i.e. the viscous resistance, the
inertial force, and the surface tension, can be expressed by
using only four factors relating to the properties of the ink, i.e.

[0098] As described above, by classifying the factors
affecting the flight characteristics into the factor relating to
the properties of the ink and the factor other than the factor
relating to the properties of the ink, and treating the value Z
collectively expressing the factors relating to the properties of
the ink as a single variable, the control over the flight charac-
teristics is facilitated.

[0099] By the above-mentioned considerations, the inven-
tors conceived the idea of controlling the flight characteristics
by using two variables, i.e. the value 7, which expresses the
factors relating to the properties of the ink, and the ejection
speed V, which is the factor other than the factor relating to the
properties of the ink. In order to confirm correlations between
the value 7 and the flight characteristics and between the
ejection speed V and the flight characteristics, the inventors
conducted experiments. The inventors assumed that, since the
value Z and the ejection speed V are independent of each
other, the correlations between the value Z and the flight
characteristics and between the ejection speed V and the flight
characteristics are identified independently.

[0100] <Correlation Between Value Z and Straightness of
Ink Drop>
[0101] (Measurement Method and Measurement Results of

Placement Accuracy)

[0102] In order to provide preferred flight characteristics,
an ink drop has to have preferred straightness. The preferred
straightness refers to a state where an ink drop ejected from
the inkjet device arrives straight at a desired destination. The
straightness can be evaluated, for example, by measuring ink
drop placement accuracy.

[0103] FIG. 2 illustrates the ink drop placement accuracy.
The ink drop placement accuracy is described below with use
of FIG. 2.

[0104] Whenink is applied by theapplication method using
an inkjet device, an inkjet head is typically positioned above
a substrate, and an ink drop is ejected downward from an ink
ejection nozzle. In this case, a distance between the substrate
and the inkjet head is approximately 500 pm, for example.
[0105] The substrate includes, on the top surface thereof, a
plurality of banks (partition walls) for partitioning light-emit-
ting layer-forming regions (pixel units). For example, the
width of each light-emitting layer-forming region is approxi-
mately 60 pm, and the width and the thickness of each bank
are approximately 30 pm and 1 um, respectively. On the other
hand, a diameter r of the ink ejection nozzle is approximately
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20 pum, and the droplet diameter ' of the ink ejected from the
ink ejection nozzle is approximately 24 pum. An error limit of
the position accuracy of the ink ejection nozzle is approxi-
mately 8 um. It is therefore preferable to eject an ink drop
with an error of £10 um or less, in order to eject the entire ink
drop in the light-emitting layer-forming region. In view of
this, when the error is £10 um or less, i.e. an error of the
placement accuracy is 20 pm or less, the ink drop is deter-
mined to have preferred straightness.

[0106] FIG. 3 shows experimental results on a relation
between the value Z and the placement accuracy in a low-
molecular weight range. FIG. 4 shows experimental results
on a relation between the value Z and the placement accuracy
in a medium-molecular weight range. FIG. 5 shows experi-
mental results on a relation between the value Z and the
placement accuracy in a high-molecular weight range.
[0107] As shown in FIGS. 3, 4, and 5, the value Z was
controlled by changing functional material and a solvent
included in ink, the concentration (the concentration of the
functional material in the ink), the viscosity 1, the surface
tension y, and the density p of the ink, and the diameter r of the
ink ejection nozzle. Ink drops were ejected on the condition
described with use of FIG. 2, and then the ink drop placement
accuracy was measured and evaluated by using standard
deviation 60. The droplet diameter r' of the ink depends on the
diameter r of the ink ejection nozzle, and thus the diameter r
is used instead of using the droplet diameter r' of the ink.
[0108] FIGS. 3,4, and 5 show experimental results of mea-
surement of the placement accuracy for each weight-average
molecular weight of the functional material. FIG. 3 shows
experimental results when functional material in the low-
molecular weight range having a weight-average molecular
weight greater than zero and equal to or less than 100,000 is
used. FIG. 4 shows experimental results when functional
material in the medium-molecular weight range having a
weight-average molecular weight equal to or greater than
200,000 and equal to or less than 250,000 is used. FIG. 5
shows experimental results when functional material in the
high-molecular weight range having a weight-average
molecular weight equal to or greater than 340,000 and equal
to or less than 400,000 is used.

[0109] Specifically, the experiments on the functional
material in the low-molecular weight range were conducted
by using ink including functional material having a weight-
average molecular weight of 100,000. The experiments on the
functional material in the low-molecular weight range were
also conducted by using, as an alternative to ink including
functional material having a weight-average molecular
weight that is as close to zero as possible, ink including
functional material having a weight-average molecular
weight of zero, i.e. ink not including functional material (a
solvent alone). The experiments on the functional material in
the medium-molecular weight range were conducted by
using ink including functional material having weight-aver-
age molecular weight of 200,000 and ink including functional
material having a weight-average molecular weight of 250,
000. The experiments on the functional material in the high-
molecular weight range were conducted by using ink includ-
ing functional material having a weight-average molecular
weight 0f 340,000 and ink including functional material hav-
ing a weight-average molecular weight of 400,000.

[0110] In the figures of the present application, regarding
the weight-average molecular weight of the functional mate-
rial, 100,000, 200,000, 250,000, 340,000, and 400,000 are
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respectively indicated by “100k™, “200k”, “250k”, “340k”,
and “400k”, and weight-average molecular weight of zero is
indicated such that the functional material is “not included”.
[0111] Inthe column of “solvent” in FIG. 3, solvents A, B,
C,D,E,F, G, H, 1 J, and K respectively indicate 1-nonanol,
dimethyl phthalate, xylene/1-nonanol=14/86, dimethyl
phthalate/1-nonanol=50/50, acetophenone/dimethyl phtha-
late=17/83, xylene/dimethyl phthalate=25/75, xylene/1-
nonanol=35/65, acetophenone/dimethyl phthalate=50/50,
xylene/1-nonanol=50/50, xylene/dimethy] phthalate=50/50,
and cyclohexylbenzene.

[0112] In the columns of “solvent” in FIGS. 4 and 5, “C”
and “M” respectively indicate cyclohexylbenzene and meth-
oxytoluene.

[0113] Regarding thejudgment ofthe straightness shown in
FIGS. 3,4, and 5, for example, on the condition shown as No.
1 in FIG. 3, an error of the placement accuracy is 11.3 pm,
whichis within 20 pm. In this case, the results of the judgment
are indicated by a circle (), which indicates that the preferred
straightness can be obtained. In contrast, on the condition
shown as No. 28 in FIG. 4, an error of the placement accuracy
is 29.8 um, which exceeds 20 um. In this case, the results of
the judgment are indicated by a cross (x), which indicates that
the preferred straightness cannot be obtained.

[0114] FIG. 6 shows the relation between the value Z and
the placement accuracy in the low-molecular weight range.
FIG. 7 shows the relation between the value 7 and the place-
ment accuracy in the medium-molecular weightrange. FI1G. 8
shows the relation between the value 7 and the placement
accuracy in the high-molecular weight range.

[0115] Regarding the low-molecular weight range, when
the experimental results No. 1 to No. 20 shown in FIG. 3 are
plotted in X and Y coordinates showing the value Z on the X
axis and showing the placement accuracy on the Y axis as
shown in FIG. 6, it is found that there is a correlation between
the value Z and a satellite generation speed. It is also found
that the placement accuracy is degraded as the value 7
decreases, and, when the value Z is less than 0.7, an error of
the placement accuracy exceeds 20 um. In view of this, a
lower limit of the value Z in the low-molecular weight range
is determined as 0.7. Furthermore, as is apparent from a slope
of an approximate curve shown in FIG. 6, it is considered
desirable that the value Z be two or more in the low-molecular
weight range in terms of the stability of the preferred place-
ment accuracy.

[0116] Regarding the medium-molecular weight range,
when the experimental results No. 21 to No. 41 shown in FIG.
4 are plotted in the X and Y coordinates showing the value Z
on the X axis and showing the placement accuracy on the Y
axis as shown in FIG. 7, it is found that there is a correlation
between the value Z and the satellite generation speed. Since
the placement accuracy is degraded as the value Z decreases,
and, when the value Z is less than one, an error of the place-
ment accuracy exceeds 20 um. A lower limit of the value Z in
the medium-molecular weight range is thus determined as
one. Furthermore, as is apparent from a slope of an approxi-
mate curve showninFIG. 7, itis considered desirable that the
value Z be two or more in the medium-molecular weight
range in terms of the stability of the preferred placement
accuracy.

[0117] Regarding the high-molecular weight range, when
the experimental results No. 51 to No. 62 shown in FIG. 5 are
plotted in the X and Y coordinates showing the value Z on the
X axis and showing the placement accuracy on the Y axis as
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shown in FIG. 8, it is found that there is a correlation between
the value 7 and the satellite generation speed. Since the place-
ment accuracy is degraded as the value 7 decreases, and,
when the value Z is less than three, an error of the placement
accuracy exceeds 20 um. A lower limit of the value Z in the
high-molecular weight range is thus determined as three.
Furthermore, as is apparent from a slope of an approximate
curve shown in FIG. 8, it is considered desirable that the value
Z be five or more in the high-molecular weight range in terms
of the stability of the preferred placement accuracy.

[0118] FIGS. 9A and 9B show effects of the weight-aver-
age molecular weight on the value 7 and the flight character-
istics. By further considering the effects of the weight-aver-
age molecular weight on the placement accuracy, as shown in
FIG. 9A, the greater the weight-average molecular weight is,
the greater the tendency that the placement accuracy is
degraded as the value Z decreases is. Furthermore, as shown
in FIG. 9B, the greater the weight-average molecular weight
is, the greater the tendency to cause variations in the ejection
speed V is.

[0119] (Change in Placement Accuracy Due to Effects of
Ligament Length)

[0120] The causes of the degradation of the placement
accuracy when the value Z decreases were investigated
through experiments. As a result, it was found that one of the
causes of the degradation of the placement accuracy is an
increase in the ligament length when the value Z is small and
the viscosity 1) of the ink is high, because an ink drop is less
likely to break off from the ink ejection nozzle in such a case.
It was also found that the preferred placement accuracy was
obtained when the viscosity M of the ink is low, because the
ink drop is more likely to break off and thus the ligament is
short in such a case.

[0121] FIG. 10 illustrates the ligament length. FIGS. 11A
and 11B show effects of the weight-average molecular weight
on the ligament length. The ligament length was obtained by
ejecting an ink drop from the ink ejection nozzle at the ejec-
tion speed V of 5 mv/s and by measuring a distance from the
ink ejection nozzle to a main drop at the moment when the ink
drop broke off from the ink ejection nozzle, as shown in FIGS.
11A and 11B.

[0122] As shown in FIG. 11A, it was found that relation
between the value Z and the ligament length differed among
the low-, medium-, and high-molecular weight ranges. Spe-
cifically, if the value Z is the same, the greater the weight-
average molecular weight is, the longer the ligament is. The
smaller the value Z is, the greater this tendency is. As shown
in FIG. 11B, it was found that relation between the concen-
tration of the ink and the ligament length differed among the
low-, medium-, and high-molecular weight ranges. Specifi-
cally, if the concentration of the ink is the same, the greater the
weight-average molecular weight is, the longer the ligament
is. The higher the concentration of the ink is, the greater this
tendency is.

[0123] FIGS. 12A and 12B show relations between the
ligament length and the flight characteristics. As shown in
FIG. 124, it was found that there is a proportional relation-
ship between the ligament length and the placement accuracy,
and the placement accuracy is degraded as the ligament
length increases. As shown in FIG. 12B, it was also found that
there is a proportional relationship between the ligament
length and the variation of the speed, and the variation of the
speed is more likely to be caused as the ligament length
increases.
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[0124] (Change in Placement Accuracy Due to Effects of
Ejection Frequency)

[0125] The effects of the ejection frequency on the place-
ment accuracy were then investigated through experiments.
FIGS. 13A, 13B, and 13C show effects of the ejection fre-
quency on the value 7 and the placement accuracy. FIG. 13A
shows the experimental results when ink including functional
material in the low-molecular weight range (having a weight-
average molecular weight of 100,000) is used. FIG. 13B
shows the experimental results when ink including functional
material in the medium-molecular weight range (having a
weight-average molecular weight of 250,000) is used. FIG.
13C shows the experimental results when ink including func-
tional material in the high-molecular weight range (having a
weight-average molecular weight of 400,000) is used.
[0126] As shownin FIG. 13A, in the low-molecular weight
range, the ejection frequency has little effect on the relation
between the value Z and the placement accuracy. As shown in
FIGS. 13B and 13C, in the medium- and high-molecular
weight ranges, it was found that the placement accuracy was
degraded as the ejection frequency increases. It was also
found that the placement accuracy is degraded as the value Z
decreases. A comparison among the experimental results
shown in FIGS. 13A, 13B, and 13C indicates that, the greater
the weight-average molecular weight is, the more the place-
ment accuracy is degraded when the value Z is small.
[0127] FIGS. 14A, 14B, and 14C show effects of the ejec-
tion frequency on the value Z and the ejection speed V. FIG.
14A shows the experimental results when the ink including
the functional material in the low-molecular weight range
(having a weight-average molecular weight of 100,000) is
used. FIG. 14B shows the experimental results when the ink
including the functional material in the medium-molecular
weight range (having a weight-average molecular weight of
250,000) is used. FIG. 14C shows the experimental results
when the ink including the functional material in the high-
molecular weight range (having a weight-average molecular
weight of 400,000) is used.

[0128] As shown in FIGS. 14A, 14B, and 14C, in all of the
low-, medium-, and high-molecular weight ranges, it was
found that the variation of the speed is more likely to be
caused as the ejection frequency increases. As shown in FIG.
14A, in the low-molecular weight range, the variation of the
speed is more likely to be caused when the value Z is large,
but, as shown in FIGS. 14B and 14C, in the medium- and
high-molecular weight ranges, the variation of the speed is
more likely to be caused as the value Z decreases. A compari-
son among the experimental results shown in FIGS. 14A,
14B, and 14C indicates that, the greater the weight-average
molecular weight is, the more likely the variation of the speed
is caused.

[0129] <Correlation Between Ejection Speed V and
Straightness of Ink Drop>

[0130] The correlation between the ejection speed V and
the flight characteristics was examined by investigating the
relation between the ejection speed V and the straightness of
an ink drop (placement accuracy). Ink used for measurement
includes F8-F6 as functional material, and includes any of
cyclohexylbenzene, methoxytoluene, 1-nonanol, dimethyl
phthalate, acetophenone, and xylene as a solvent. Various
types of ink were ejected from the ink ejection nozzle while
changing the ejection speed V. The placement accuracy is
then measured and evaluated by using the standard deviation
60. The ejection speed V was obtained by measuring the



US 2013/0292661 Al

speed of a drop of 0.5 mm ejected from the inkjet head by
using Litrex 120L, which is an inkjet evaluation device manu-
factured by ULVAC, Inc.

[0131] FIG. 15 shows a relation between the ejection speed
V and the placement accuracy. The results shown in FIG. 15
were obtained by the measurement. The results indicate that
there is a correlation between the ejection speed V and the
placement accuracy, and the preferred placement accuracy is
obtained when the ejection speed V is a predetermined speed
or more. Presumably, this is because the ink drop becomes
less likely to be carried by air currents as the ejection speed V
increases. It was found that, when the ejection speed V was 3
m/s or more, the placement accuracy did not exceed an allow-
able limit of 20 um, even with a small error. A lower limit of
the preferred ejection speed V was thus determined as 3 m/s.
[0132] It was also found that the types of solvent had little
effect on the relation between the ejection speed V and the
placement accuracy.

[0133] FIG. 16 shows a relation between the ejection speed
V and a variation of the ejection speed. The graph of FIG. 16
shows the ejection speed V on the X axis and shows, on the Y
axis, a value obtained by dividing the standard deviation of
the ejection speed by an average value of the ejection speed V.
As shown in FIG. 16, it is considered that, when the ejection
speed V is 3 m/s or more and is 5 m/s or less, the value shown
on theY axis is 2% or less and an ink drop 1s less likely to be
affected by air currents. It is therefore preferable that the
ejection speed V be 3 m/s or more and is 5 m/s or less.
[0134] <Correlation Between Ejection Speed V and
Breakup Characteristics of Ink Drop>

[0135] In the above-mentioned experiments, it was also
found that, when the ejection speed V was increased, the ink
drop broke up to generate satellites and the flight character-
istics were degraded. In order to provide the preferred flight
characteristics for an ink drop, the ink drop has to have pre-
ferred breakup characteristics. The preferred breakup charac-
teristics of the ink drop refer to a state where the ink drop does
not break up.

[0136] FIGS.17A, 17B, 17C, and 17D illustrate examples
of how an ink drop breaks up. As one example of how the ink
drop breaks up, there is a case where the ink drop breaks up
into a few small drops. In the example shown in FIG. 17A, the
ink drop breaks up into two small drops A and B. If the ink
drop breaks up as shown in FIG. 17A, it is not possible to
control the ejection because determination of a main drop is
not possible. As another example of how the ink drop breaks
up, there is a case where the ink drop breaks up into a main
drop and a plurality of satellites (small drops separated from
the main drop). In the example shown in FIG. 17B, the ink
drop breaks up into a main drop C and a plurality of satellites
D. If the ink drop breaks up as shown in FIG. 17B, any of the
satellites might be placed in a region other than the light-
emitting layer-forming region. In view of above, an ink drop
was determined to have preferred breakup characteristics
when the ink drop did not break up.

[0137] Inorderto improve visual understanding ofhow the
ink drop breaks up, schematic diagrams for images shown in
FIGS.17A and 17B are respectively shown in FIGS. 17C and
17D.

[0138] The breakup characteristics were evaluated in the
following manner. The breakup characteristics were evalu-
ated by observing the flight of an ink drop to judge whether or
not the ink drop breaks up. The flight of the ink drop was
observed to examine a shape of the ejected ink drop with
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resolution of 1 usec by using Litrex 1201, which is the inkjet
evaluation device manufactured by ULVAC, Inc.

[0139] Whenthe ejection speed V exceeded 6 m/s, satellites
were generated and thus the placement accuracy could not
accurately be measured. An upper limit of the ejection speed
V is therefore determined as 6 m/s.

[0140] The correlation between the ejection speed V and
the flight characteristics is summarized as follows: When the
ejection speed V is low, the preferred breakup characteristics
is obtained (ink is less likely to break up) but the preferred
straightness cannot be obtained. On the other hand, when the
ejection speed V is high, the preferred straightness is obtained
but the preferred breakup characteristics cannot be obtained
(ink is more likely to break up). A preferred range of the
ejection speed V is 3 m/s or more and is 6 m/s or less. As
described above, the inventors found that, in addition to the
straightness, the breakup characteristics were important (to
prevent generation of satellites) for the flight characteristics.

[0141] <Correlation Between Value Z and Breakup Char-
acteristics of Ink Drop>

[0142] From the initial consideration, it was considered
that the flight characteristics could sufficiently be controlled
by conducting the experiments to find variables for the value
7 and the ejection speed V and obtaining a formula indicating
the correlation therebetween. However, since it was found
that there was the upper limit of the ejection speed V from the
perspective of the breakup characteristics of the ink drop, the
inventors assumed that there would be some correlation
between the value 7 and the breakup characteristics of the ink
drop, and further proceeded to a consideration.

[0143] At first, the inventors roughly considered the corre-
lation between the value 7 and the satellite generation speed
without regard to the weight-average molecular weight. The
satellite generation speed refers to an ejection speed at and
above which a satellite is generated, and sets the upper limit to
obtain the preferred flight characteristics determined by the
value Z for each ink drop.

[0144] FIG. 18 shows the relation between the value Z and
the satellite generation speed. FIGS. 19A and 198 illustrate
examples of an ink drop in an area I of FIG. 18. FIGS. 20A and
20B illustrate examples of an ink drop in an area Il of F1G. 18.
FIGS. 21A and 21B illustrate examples of an ink drop in an
area [T of FIG. 18.

[0145] The viscosity 1 of ink was measured by using a
viscometer referred to as AR-G2 (TA Instruments). The sur-
face tension y of ink was measured by using a surface tension
meter referred to as DSA100 (manufactured by KRUSS). The
density p of ink was calculated from the specific gravity ofthe
ink (since the functional material has a low concentration, the
specific gravity thereof is assumed to be one).

[0146] As shown in FIG. 18, there was a correlation
between the value 7 and the satellite generation speed. As
shown in FIG. 19A, in the areal of FIG. 18, a satellite was not
generated when the viscosity 1 of the ink was approximately
15 mPa-s and when the viscosity n of the ink was approxi-
mately 1 mPa-s. The area I is thus a normal area where ink
drops are ejected one at a time. As shown in FIG. 204, in the
area 11 of FIG. 18, when the viscosity 1 of the ink was
approximately 15 mPa-s, the ligament length of an ink drop
increased (a phenomenon where the ink leaves a trail), and the
ink drop broke up. When the viscosity 1 of the ink was
approximately 1 mPa-s, however, the ink drop did not break
up. As shown in FIG. 21 A, in the area I11 of FIG. 18, satellites
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were generated when the viscosity ) of the ink was approxi-
mately 15 mPa-s and when the viscosity m of the ink was
approximately 1 mPa-s.

[0147] TInorderto improve visual understanding of how the
ink drop breaks up, schematic diagrams of images shown in
FIGS. 19A, 20A, and 21A are respectively shown in FIGS.
19B, 20B, and 21B.

[0148] The correlation between the value Z and the satellite
generation speed was then considered. The value 7 was con-
trolled by changing functional material and a solvent
included in ink, the concentration (a ratio of the functional
material to the ink), the viscosity 1), the surface tensiony, and
the density p of the ink, and the nozzle diameter r at a level
shown in the table. Ink drops were ejected on the condition
described with use of FIG. 2 to measure an ejection speed V
at whichsatellites are generated. The droplet diameter r' of the
ink depends on the diameter r of the ink ejection nozzle, and
thus the diameter r is used instead of using the droplet diam-
eter r' of the ink.

[0149] At first, with respect to ink including functional
material having a weight-average molecular weight of 100,
000, ink including functional material having a weight-aver-
age molecular weight of 250,000, ink including functional
material having a weight-average molecular weight of 400,
000, and a solvent not including functional material (ink
including functional material having a weight-average
molecular weight of zero), the correlation between the value
7 and the satellite generation speed was considered in detail.

[0150] FIG. 22 shows the correlation between the value Z
and the satellite generation speed. As shown in FIG. 22, it was
found that there was a correlation between the value 7 and the
satellite generation speed. Furthermore, a comparison among
the satellite generation speeds when the value Z is seven
indicates that the satellite generation speed increases as the
weight-average molecular weight increases. This suggests
that ink can be ejected even when having a low concentration
by increasing a weight-average molecular weight. The ink
including the functional material having a weight-average
molecular weight of 100,000 showed the same tendency as
the solvent.

[0151] With respect to the ink including the functional
material in the low-molecular weight range, the correlation
between the value Z and the satellite generation speed was
then considered in detail. The experiments on the functional
material in the low-molecular weight range were conducted
by using ink including the functional material having a
weight-average molecular weight of 100,000 and the solvent
not including the functional material (ink including the func-
tional material having a weight-average molecular weight of
7e10).

[0152] FIG. 23 shows experimental results on the relation
between the value Z and the satellite generation speed in the
low-molecular weight range. F1G. 24 shows experimental
results on the relation between the value Z and the satellite
generation speed in the medium-molecular weight range.
FIG. 25 shows experimental results on the relation between
the value 7 and the satellite generation speed in the high-
molecular weight range.

[0153] For example, in the case of No. 71 of FIG. 23, in
which the value Z is 15.0, a satellite was generated when the
ejection speed V was 2.7 m/s or more. In the case of No. 72,
in which the value Z is 33.8, a satellite was generated when
the ejection speed V was 0.9 m/s or more.
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[0154] As described above, in order to keep an error of the
placement accuracy equal to 20 um or less, it is preferred that
the ejection speed V be 3.0 m/s or more. In the case of No. 71,
in which the satellite generation speed is 2.7 m/s, however, a
satellite might be generated when the ejection speed V is 2.7
m/s or more. That is to say, in the case of No. 71, it is not
possible to provide both of the preferred straightness and
breakup characteristics. No. 71 was therefore evaluated as
“x”, which indicates that the preferred flight characteristics
cannot be obtained. Similarly, in FIGS. 23, 24, and 25, cases
in each of which the satellite generation speed was 3.0 m/s or
less were evaluated as “x”, which indicates that the preferred
flight characteristics cannot be obtained. In contrast, cases in
each of which the satellite generation speed exceeded 3.0 m/s
were evaluated as “a”, which indicates that the preferred flight
characteristics can be obtained.

[0155] Inthe column of “solvent” in FIG. 23, solvents a, b,
¢, d, e, £, g h,1,j,k, 1, and m respectively indicate acetophe-
none, xylene, xylene/1-nonanol=14/86, dimethyl phthalate/
1-nonanol=50/50, acetophenone/dimethyl phthalate=17/83,
xylene/dimethyl phthalate=25/75, xylene/1-nonanol=35/65,
acetophenone/dimethyl  phthalate=50/50, acetophenone/
dimethyl phthalate=78/22, xylene/dimethyl phthalate=50/
50, xylene/dimethyl phthalate=85/15, methoxytoluene, and
cyclohexylbenzene.

[0156] Inthe columns of “solvent” in FIGS. 24 and 25, “C”
and “M” respectively indicate cyclohexylbenzene and meth-
oxytoluene.

[0157] FIG. 26 shows the relation between the value Z and
the satellite generation speed in the low-molecular weight
range. FIG, 27 shows the relation between the value Z and the
satellite generation speed in the medium-molecular weight
range. F1G. 28 shows the relation between the value Z and the
satellite generation speed in the high-molecular weight range.
[0158] Regarding the low-molecular weight range, when
the experimental results No. 71 to No. 89 shown in FIG. 23
were plotted in the X and Y coordinates showing the value 7
on the X axis and showing the satellite generation speed on
theY axis as shown in FIG. 26 to perform regression analysis,
a regression equation as shown in the following Equation 8
was obtained, and it was found that there was a correlation
between the value Z and the satellite generation speed. This
means that speed at which satellites are generated can be
estimated from the value Z.

y=-2.17 Ln(x)+8.47

[0159] Inthe graph of FIG. 26, an area below the regression
line is an area in which satellites are not generated. It can be
seen from the graph that the satellite generation speed falls
below 3.0 m/s when the value Z exceeds 13. An upper limit of
the value 7 is therefore determined as 13.

[0160] Furthermore, regarding the ink including the func-
tional material in the medium-molecular weight range, the
correlation between the value Z and the satellite generation
speed was considered in detail. The experiments on the func-
tional material in the medium-molecular weight range were
conducted by using ink including functional material having
a weight-average molecular weight of 200,000 and ink
including functional material having a weight-average
molecular weight of 250,000.

[0161] Regarding the medium-molecular weight range,
when the experimental results No. 91 to No. 103 shown in
FIG. 24 were plotted in the X and Y coordinates showing the
value 7 on the X axis and showing the satellite generation

(Equation 8)
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speed on theY axis as shown in FIG. 27 to perform regression
analysis, a regression equation as shown in the following
Equation 9 was obtained, and it was found that there was a
correlation between the value Z and the satellite generation
speed. This means that speed at which satellites are generated
can be estimated from the value Z.

y=-1.18 Ln(x)+7.52

[0162] Inthe graph of FIG.27, anareabelow the regression
line is an area in which satellites are not generated. It can be
seen from the graph that the satellite generation speed falls
below 3.0 m/s when the value Z exceeds 50. However, since
it is considered that ink having a value Z of more than 30 can
hardly exist, the upper limit of the value Z is determined as 30.

[0163] Furthermore, regarding the ink including the func-
tional material in the high-molecular weight range, the cor-
relation between the value Z and the satellite generation speed
was considered in detail. The experiments on the functional
material in the high-molecular weight range were conducted
by using ink including functional material having a weight-
average molecular weight 0f 340,000 and ink including func-
tional material having a weight-average molecular weight of
400,000.

[0164] Regarding the high-molecular weight range, when
the experimental results No. 111 to No. 116 shown in FIG. 25
were plotted in the X and Y coordinates showing the value Z
on the X axis and showing the satellite generation speed on
the'Y axis as shown in FIG. 28 to perform regression analysis,
a regression equation as shown in the following Equation 10
was obtained, and it was found that there was a correlation
between the value Z and the satellite generation speed. This
means that speed at which satellites are generated can be
estimated from the value Z.

(Equation 9)

»=-0.95 Ln(x)+7.63

[0165] Inthe graph of FIG.28, anarea below the regression
line is an area in which satellites are not generated. It can be
seen from the graph that the satellite generation speed falls
below 3.0 m/s when the value Z exceeds 100. However, since
it is considered that ink having a value Z of more than 30 can
hardly exist, the upper limit of the value Z is determined as 30.

(Equation 10)

SUMMARY

[0166] As described above, it was found that the breakup
characteristics of the ink drop did not depend only on the
ejection speed V but depended on the variables for both of the
ejection speed V and the value Z, and, in order to provide
preferred breakup characteristics of the ink drop, it was
important for the value Z and the ejection speed V to show a
predetermined relation.

[0167] The inventors could arrive at the present invention
by determining an unanticipated correlation existing between
the value Z and the ejection speed V, which were each
assumed to be independently defined at the beginning of the
considerations.

[0168] FIG.29 shows relations between the value 7 and the
satellite generation speed (FIG. 26), and between the value 7
and the placement accuracy (FIG. 6) in the low-molecular
weight range. FIG. 30 shows relations between the value 7
and the satellite generation speed (FIG. 27), and between the
value Z and the placement accuracy (FIG. 7) in the medium-
molecular weight range. FIG. 31 shows relations between the
value Z and the satellite generation speed (FIG. 28), and
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between the value Z and the placement accuracy (FIG. 8) in
the high-molecular weight range.

[0169] In FIG. 29, a hatched range O indicates a range of
the value Z within which the preferred placement accuracy is
provided and satellites are not generated in the low-molecular
weight range, i.e., a range of the value Z within which the
preferred flight characteristics can be obtained in the low-
molecular weight range. Similarly, in FIG. 30, a hatched
range P indicates a range within which the preferred flight
characteristics can be obtained in the medium-molecular
weight range, and, in FIG. 31, a hatched range Q indicates a
range within which the preferred flight characteristics can be
obtained in the high-molecular weight range.

[0170] In each of the low-, medium-, and high-molecular
weight ranges, when the value Z is increased, for example, by
increasing the viscosity of the ink, the preferred breakup
characteristics can be obtained (the ink is less likely to break
up) but the straightness is degraded. On the other hand, when
the value 7 is decreased, the breakup characteristics are
degraded (the ink is more likely to break up) but the preferred
straightness can be obtained.

[0171] FIG. 32 shows relations between the value 7 and the
satellite generation speed, and between the value Z and the
placement accuracy in all of the ranges. In FIG. 32, an area
enclosed by a dashed line is the range O within which the
preferred flight characteristics can be obtained in the low-
molecular weight range (same as the range O shown in FIG.
29), an area enclosed by an alternate long and short dashed
line is the range P within which the preferred flight charac-
teristics can be obtained in the medium-molecular weight
range (same as the range P shown in FIG. 30), and an area
enclosed by an alternate long and two short dashed line is the
range Q within which the preferred flight characteristics can
be obtained in the high-molecular weight range (same as the
range Q shown in FIG. 31).

[0172] A range R belonging to any of the ranges O, P, and
Q, i.e., the range R obtained by summing up a cross-hatched
area and a striped area, is a range within which the preferred
flight characteristics can be obtained in at least one of the
low-, medium-, and high-molecular weight ranges. The range
R is a range in which the above-mentioned Formula 1, For-
mula 2, and Formula 3 are satisfied. The inventors found that
the preferred flight characteristics could be obtained by per-
forming control so that the value Z and the ejection speed V
are each within the range R, i.e. the above-mentioned For-
mula 1, Formula 2, and Formula 3 are satisfied. When the
value 7 is two or more and is ten or less, more preferred flight
characteristics can be obtained.

[0173] A range S within which the ranges O, P, and Q
overlap one another, i.e. a cross-hatched range S, is a range
within which the preferred flight characteristics can be
obtained in any of the low-, medium-, and high-molecular
weight ranges. The range S is a range in which the above-
mentioned Formula 2, Formula 4, and Formula 5 are satisfied.
The inventors found that more preferred flight characteristics
could be obtained by performing control so that the value Z
and the ejection speed V are each within the range S, i.e. the
above-mentioned Formula 2, Formula 4, and Formula 5 are
satistied.

[0174] As described above, the inventors demonstrated by
the experiments that the flight characteristics of the ink drop
could be controlled by the value Z, and there was a correlation
between the flight characteristics of the ink drop and the value
Z. That is to say, the inventors succeeded in making the
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properties of the ink capable of providing the preferred flight
characteristics predictable according to the inkjet head to be
used, and in controlling the flight characteristics of the ink
drop by generalizing a relation between the flight character-
istics of the ink drop and the value Z for the ink drop, which
is determined by the viscosity 1, the surface tension vy, the
density p of the ink, and the diameter r of the ink ejection
nozzle. This allowed for reduction of the burden in develop-
ment of ink and ejection evaluation. Furthermore, by defining
the ejection speed V, the relation between the ejection speed V
and the flight characteristics could be grasped more accu-
rately. This lead to optimal design of ink according to the ink
ejection nozzle of the inkjet device.

[Ink]

[0175] The ink pertaining to one aspect of the present
invention includes functional material as a material for a
functional layer and a solvent dissolving the functional mate-
rial, and has properties suitable for the inkjet method using
the inkjet device (drop ejection method). As can be seen from
FIGS. 3 to 5 and 23 to 25, it is preferred that the density p of
the ink be more than 827 g/m* and be 1190 g/m> or less, the
surface tension y of the ink be more than 27.3 mN'm and be
41.9 mN-m or less, and the viscosity m of the ink be 0.9 mPa-s
or more and be 35.0 mPa-s or less. It is further preferred that
the density p of the ink be 950 g/m® or more and be 960 g/m’
or less, the surface tension y of the ink be 33.5 mN'm or more
and be 33.9 mN'mor less, and the viscosity 1) of the ink be 3.0
mPa-s or more and be 7.7 mPa-s or less. In this case, it is
preferred that the diameter r of the ink ejection nozzle of the
inkjet device be 0.02 mm or more and be 0.03 mm or less.
[0176] Specifically, F8-F6 (a copolymer of F8 (poly dio-
ctylfluorene) and F6 (poly dihexylfluorene)) is preferred for
use as the functional material. Other materials preferred for
use as the functional material are a fluorene compound other
than F8-F, such as F8 and F6, an oxinoid compound, a
perylene compound, a coumarin compound, an azacoumarin
compound, an oxazole compound, an oxadiazole compound,
a perinone compound, a pyrrolo-pyrrole compound, a naph-
thalene compound, an anthracene compound, a fluoranthene
compound, a tetracene compound, a pyrene compound, a
coronene compound, a quinolone compound and an azaqui-
nolone compound, a pyrazoline derivative and a pyrazolone
derivative, a thodamine compound, a chrysene compound, a
phenanthrene compound, a cyclopentadiene compound, a
stilbene compound, a diphenylquinone compound, a styryl
compound, a butadiene compound, a dicyanomethylene
pyran compound, a dicyanomethylene thiopyran compound,
a fluorescein compound, a pyrylium compound, a thiapyry-
lium compound, a selenapyrylium compound, a telluropyry-
lium compound, an aromatic aldadiene compound, an oli-
gophenylene compound, a thioxanthene compound, an
anthracene compound, a cyanine compound, an acridine
compound, a metal complex of a 8-hydroxyquinoline com-
pound, a metal complex of a 2-bipyridine compound, a com-
plex of a Schiff base and a group three metal, a metal complex
of oxine, a rare earth metal complex, etc., as recited in Japa-
nese Patent Application Publication No. 5-163488. These
compounds and complexes may be used alone, or one or more
of these compounds and complexes may be used in combi-
nation.

[0177] In the present application, the above-mentioned
experiments on the correlations between the value Z and the
flight characteristics, and between the ejection speed V and
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the flight characteristics were conducted by using functional
material having a weight-average molecular weight greater
than zero and equal to or less than 400,000. More specifically,
the above-mentioned experiments were conducted by using
functional material in the low-molecular weight range having
a weight-average molecular weight greater than zero and
equal to or less than 100,000, functional material in the
medium-molecular weight range having a weight-average
molecular weight that is equal to or greater than 200,000 and
is equal to or less than 250,000, and functional material in the
high-molecular weight range having a weight-average
molecular weight that is equal to or greater than 340,000 and
is equal to or less than 400,000.

[0178] The functional material in the low-molecular weight
range is preferably used for ink for forming a light-emitting
functional layer that emits red or green light, for example. The
light-emitting functional layer that emits green light has a
film thickness of 60 nm to 100 nm, for example. In order to
obtain ink having a concentration suitable for designing the
light-emitting functional layer having such a film thickness, it
is preferred to use functional material having a weight-aver-
age molecular weight greater than zero and equal to or less
than 100,000. It is more preferred to use functional material
having a weight-average molecular weight equal to or greater
than 80,000 and equal to or less than 100,000. When F8-F6 is
used as the functional material, a minimum value of the
weight-average molecular weight thereof is 722.

[0179] The functional material in the medium-molecular
weight range is preferably used for ink for forming an organic
light-emitting layer that emits blue light, for example. The
organic light-emitting layer that emits blue light has a film
thickness of 45 nm to 55 nm, for example. In order to obtain
ink having a concentration suitable for designing the organic
light-emitting layer having such a film thickness, it is pre-
ferred to use functional material having a weight-average
molecular weight equal to or greater than 200,000 and equal
to or less than 250,000.

[0180] The functional material in the high-molecular
weight range is preferably used for ink for forming a hole
transport layer, for example. The hole transport layer has a
film thickness of 5 nm to 30 nm, for example. In order to
obtain ink having a concentration suitable for designing the
hole transport layer having such a film thickness, it is pre-
ferred to use functional material having a weight-average
molecular weight equal to or greater than 340,000 and equal
to or less than 400,000.

[0181] FIG. 33 shows a relation among the value 7, the
concentration of the ink, and the viscosity 1 of the ink. The
value 7, the concentration of the ink, and the viscosity 1 of the
ink shown in FIG. 33 are obtained when F8-F6 is used as
functional material, and a mixture of cyclohexylbenzene and
methoxytoluene is used as a solvent (with a mixing ratio of
cyclohexylbenzene to methoxytoluene is 8:2).

[0182] In the case of the functional material in the low-
molecular weight range, a preferred range of the concentra-
tion (wt/vol) of the ink is 0.5% or more and is 3.0% or less, a
preferred range of the viscosity 1 of the ink is 4.5 mPa-s or
more and is 28.0 mPa-s or less, and a preferred range of the
value Z is 0.9 or more and is 6.0 or less. In the case of the
functional material in the medium-molecular weight range, a
preferred range of the concentration (wt/vol) of the ink is
0.2% or more and is 1.1% or less, a preferred range of the
viscosity 1 of the ink is 3.7 mPa's or more and is 16.0 mPa-s
or less, and a preferred range of the value Z is 2.0 or more and
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is 7.0 or less. In the case of the functional material in the
high-molecular weight range, a preferred range of the con-
centration (wt/vol) of the ink is 0.1% or more and is 0.5% or
less, apreferred range of the viscosity ) of theink is 3.5 mPa-s
or more and is 8.0 mPa's or less, and a preferred range of the
value Z is 3.0 or more and is 7.5 or less.

[0183] When F8-F6 is used as the functional material, it is
preferred to use cyclohexylbenzene, methoxytoluene, meth-
ylnaphthalene, xylene, or the like as the solvent. The solvent
may include a single material or may be a mixture of a
plurality of materials as long as the solvent can dissolve the
functional material.

[0184] [Organic Display Panel, Organic Light-Emitting
Element, and Substrate]

[0185] FIG. 34 is a schematic diagram illustrating a lami-
nated structure of layers included in an organic display panel
pertaining to one aspect of the present invention. As illus-
trated in FIG. 34, an organic display panel 110 pertaining to
one aspect of the present invention has a structure in which a
color filter substrate 113 is bonded onto an organic light-
emitting element 111 pertaining to one aspect of the present
invention via a sealing material 112.

[0186] The organic light-emitting element 111 is a top
emission-type organic light-emitting element in which the
pixels for the colors R, G and B are arranged in a matrix or in
lines, and each pixel has a laminated structure composed of
layers formed on a TFT substrate 1.

[0187] On the TFT substrate 1, first anode electrodes 2 and
second anode electrodes 3 constituting a first electrode are
formed in a matrix or in lines. On the anode electrodes 2 and
3, a hole injection layer 4 is formed. On the hole injection
layer 4, banks 5 for defining pixels are formed.

[0188] A substrate 11 pertaining to one aspect of the
present invention includes the TFT substrate 1, the anode
electrodes 2 and 3, and the banks 5, and has openings 12
corresponding to respective pixel units. The banks 5 are each
formed above the anode electrodes 2 and 3 to partition adja-
cent pixel units.

[0189] In an area defined by the banks 5, a hole transport
layer 6 and an organic light-emitting layer 7 are formed in the
stated order. On the organic light-emitting layer 7, an electron
transport layer 8, a cathode electrode 9 as a second electrode,
and a passivation layer 10 are formed continuously across
adjacent pixels, passing over the banks 5.

[0190] The area defined by the banks 5 has a multi-layered
structure in which the hole injection layer 4, the hole transport
layer 6, the organic light-emitting layer (functional layer) 7,
and the electron transport layer 8 are formed in the stated
order.

[0191] The multi-layered structure may include another
layer such as an electron injection layer. Typical examples of
the multi-layered structure include: (i) the hole injection
layer/the organic light-emitting layer; (ii) the hole injection
layer/the hole transport layer/the organic light-emitting layer;
(iii) the hole injection layer/the organic light-emitting layer/
the electron injection layer; (iv) the hole injection layer/the
hole transport layer/the organic light-emitting layer/the elec-
tron injection layer; (v) the hole injection layer/the organic
light-emitting layer/a hole blocking layer/the electron injec-
tion layer; (vi) the hole injection layer/the hole transport
layer/the organic light-emitting layer/the hole blocking layer/
the electron injection layer; (vii) the organic light-emitting
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layer/the hole blocking layer/the electron injection layer; and
(viii) the organic light-emitting layer/the electron injection
layer.

[0192] TheTFT substrate 1includes a base substrate and an
amorphous TFT (an EL element drive circuit) formed on the
base substrate. The base substrate is, for example, made of an
insulating material such as alkali-free glass, soda glass, non-
fluorescent glass, phosphate glass, borate glass, quartz,
acrylic resin, styrenic resin, polycarbonate resin, epoxy resin,
polyethylene, polyester, silicone resin, and alumina.

[0193] The first anode electrode 2 is made, for example, of
Ag (silver), 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). In the case of a top emission-type organic light-
emitting element, it is preferred that the first anode electrode
2 be made of a light reflective material.

[0194] The second anode electrode 3 is interposed between
the first anode electrode 2 and the hole injection layer 4, and
has a function to enhance bonding therebetween.

[0195] Itis preferred that the hole injection layer 4 be made
of a metal compound such as a metal oxide, a metal nitride, or
ametal oxynitride. When the hole injection layer 4 is made of
a metal oxide, injection of holes is facilitated. Accordingly,
electrons injected into the organic light-emitting layer 7 con-
tribute to light emission in an effective manner, which results
in excellent light-emitting characteristics of the organic light-
emitting layer 7. Examples of the metal oxide include oxides
of: Cr (chromium); Mo (molybdenum); W (tungsten); V (va-
nadium); Nb (niobium); Ta (tantalum); Ti (titanium); Zr (zir-
conium); Hf (hafnium); Sc (scandium); Y (yttrium); Th (tho-
rium); Mn (manganese); Fe (iron); Ru (ruthenium); Os
(osmium); Co (cobalt); Ni (nickel); Cu (copper); Zn (zinc),
Cd (cadmium); Al (aluminum ); Ga (gallium); In (indium); Si
(silicon); Ge (germanium); Sn (tin); Pb (lead); Sb (antimony);
Bi (bismuth); and so-called rare earth elements from La (lan-
thanum) to Lu (lutetium). Among such metal oxides, Al,O;
(aluminum oxide), CuO (copper oxide), and SiO (silicon
oxide) are particularly efficient in extending the life of the
light-emitting element.

[0196] Itis preferred that the banks 5 be made of an organic
material such as a resin, or an inorganic material such as glass.
Examples of the organic material are an acrylic resin, a poly-
imide resin, and a novolac type phenolic resin. Examples of
the inorganic material are Si0O, (silicon oxide) and Si;N,
(silicon nitride). It is preferred that the banks 5 be resistant to
organic solvents, transmit visible light to some extent, and
have insulating properties. In addition, since there are cases
where the banks 5 undergo etching, baking and other similar
processing, it is preferred that the banks 5 be made of a
material that is highly resistant to such processing.

[0197] Thebanks 5 may be pixel banks orline banks. When
the banks 5 are the pixel banks, the banks 5 are formed so as
to surround the organic light-emitting layer 7 corresponding
to one pixel from all directions. When the banks 5 are the line
banks, the banks 5§ are formed so as to partition pixels by
columns or by rows. The banks 5 exist at both sides of the
organic light-emitting layer 7 in either the row direction or in
the column direction, and the organic light-emitting layer 7 is
formed so as to be continuous in either the column direction
or the row direction.

[0198] Theholetransport layer 6 has a function to transport
holes injected from the anode electrodes 2 and 3 to the organic
light-emitting layer 7. It is preferred that the hole transport
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layer 6 be made of poly(3,4-ethylenedioxythiophene) doped
with polystyrene sulphonate (PEDOT-PSS), or a derivative
(copolymer or the like) thereof.

[0199] The organic light-emitting layer 7 has a function to
emit light by making use of the phenomenon of electrolumi-
nescence. It is preferred that the organic light-emitting layer 7
be made, for example, of the functional material included in
the ink pertaining to one aspect of the present invention.
[0200] The electron transport layer 8 has a function to
transport electrons injected from the cathode electrode 9 to
the organic light-emitting layer 7. It is preferred that the
electron transport layer 8 be made, for example, of barium,
phthalocyanine, lithium fluoride, or a mixture of any of these
materials.

[0201] The cathode electrode 9 is made, for example, of
ITO or 170 (Indium Zinc Oxide). In the case of the top
emission-type organic light-emitting element, it is preferred
that the cathode electrode 9 be made of a light-transmissive
material.

[0202] The passivation layer 10 has a function to prevent
the organic light-emitting layer 7 and the like from being
exposed to moisture or air, and is made, for example, of SIN
(silicon nitride) or SiON (silicon oxynitride). In the case of
the top emission-type organic light-emitting element, it is
preferred that the passivation layer 10 be made of a light-
transmissive material.

[0203] The organic light-emitting element 111 and the
organic display panel 110 having the above-described struc-
ture has excellent light-emitting characteristics, as they are
manufactured by using a method of manufacturing an organic
light-emitting element pertaining to one aspect of the present
invention.

[0204] [Inkjet Device and Method of Manufacturing
Organic Light-Emitting Element]

[0205] The following describes an inkjet device and a
method of manufacturing an organic light-emitting element
pertaining to one aspect of the present invention with use of
FIGS. 35, 36A to 36G, and 37A to 37E. FIG. 35 illustrates a
structure of an inkjet device pertaining to one aspect of the
present invention. FIGS. 36A to 36G and 37A to 37E are a
process chart showing the method of manufacturing the
organic light-emitting element pertaining to one aspect of the
present invention.

[0206] The method of manufacturing the organic light-
emitting element pertaining to one aspect of the present
invention includes five steps.

[0207] In the first step, ink pertaining to one aspect of the
present invention is prepared and a common ink chamber 21
of an inkjet device 20 pertaining to one aspect of the present
invention is filled with the ink, as illustrated in FIG. 35. The
ink includes functional material 22.

[0208] The ink filling the common ink chamber 21 is trans-
ported to a pressure generation chamber 24 through an ink
common path 23. The wall of the pressure generation cham-
ber 24 partially includes a vibrating plate 25. By heating the
vibrating plate 25 with a heater 26 to cause the vibrating plate
25 to vibrate in directions indicated by an arrow, the pressure
generation chamber 24 expands and contracts. By pressure
generated by the expansion and contraction of the pressure
generation chamber 24, a drop 28 of the ink is ejected from an
ink ejection nozzle 27.

[0209] In the second step, the substrate 11 having a base
layer including the first electrodes 2 and 3 is prepared to form
the organic light-emitting layer 7.
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[0210] Specifically, the TFT substrate 1 is prepared first. As
illustrated in FIG. 36A, an upper surface of the TFT substrate
1 is protected by a protective resist.

[0211] The protective resist covering the TFT substrate 1 is
then removed as illustrated in FIG. 36B. By spin-coating the
TFT substrate 1 with an organic resin, and patterning the
spin-coated TFT substrate 1 by PR/PE (photoresist/photo-
etching), a planarizing film 1a (having a thickness of 4 um for
example) is formed as illustrated in FIG. 36C.

[0212] Asillustrated in FIG. 36D, the first anode electrodes
2 are then formed on the planarizing film 1a. The first anode
electrodes 2 are formed, for example, by forming a thin film
of APC by sputtering, and then by patterning the thin film by
PR/PE in a matrix (so as to have a thickness of 150 nm, for
example). The first anode electrodes 2 may be formed by a
vacuum deposition method or the like.

[0213] As illustrated in FIG. 36E, the second anode elec-
trodes 3 are formed in a matrix. The second anode electrodes
3 are formed, for example, by forming a thin film of ITO by
plasma deposition, and then by patterning the ITO thin film
by PR/PE (s0 as to have a thickness of 110 nm, for example).
[0214] As illustrated in FIG. 36F, the hole injection layer 4
is formed over the second anode electrodes 3. The hole injec-
tion layer 4 is formed, for example, by sputtering a material
for achieving a hole injection function, and then by patterning
the material by PR/PE (50 as to have a thickness of 40 nm, for
example). The hole injection layer 4 is formed not only on the
anode electrodes 3 but also over the entire upper surface ofthe
TFT substrate 1.

[0215] As illustrated in FIG. 36G the banks 5 are then
formed on the hole injection layer 4. Areas on the hole injec-
tion layer 4 in which the banks 5 are formed correspond to
boundaries between adjacent light-emitting layer-forming
regions. The banks 5 are formed by forming a bank material
layer so as to cover the entire upper surface of the hole
injection layer 4, and then by removing parts of the bank
material layer by PR/PE (50 as to have a thickness of 1 um, for
example). The banks 5 may be line banks arranged in stripes
extending only in the vertical direction, or may be pixel banks
extending both in the vertical and horizontal directions to be
in a lattice shape as a whole in a plan view.

[0216] As shown in FIG. 37A, each concavity formed
between the banks 5 is filled with ink including a material for
the hole transport layer and the ink is dried to form the hole
transport layer 6 (having a thickness of 20 nm, for example).
[0217] Inthethird step, asillustrated in FIG. 37B, the inkjet
device 20 is positioned above the substrate 11, and is caused
to eject a drop of the ink onto the hole injection layer 4 in
regions corresponding to the openings 12 between the banks
5.

[0218] In the fourth step, the ink filling each concavity is
dried under reduced pressure and baked to form the organic
light-emitting layer 7 (having a thickness of 60 nm to 90 nm,
for example).

[0219] As illustrated in FIG. 37C, the electron transport
layer 8 (having a thickness of 20 nm) is then formed to cover
the banks 5 and the organic light-emitting layer 7 by ETL
deposition.

[0220] In the fifth step, as illustrated in FIG. 37D, the sec-
ond electrode 9, which has a different polarity from the first
electrodes 2 and 3. is formed above the organic light-emitting
layer 7 by plasma deposition of a light-transmissive material
(so as to have a thickness of 100 nm).
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[0221] Asillustrated in FIG.37E, the passivation layer 10 is
then formed on the cathode electrode 9 by CVD (so as to have
a thickness of 1 um).

[0222] The top emission-type organic light-emitting ele-
ment is manufactured in the above-mentioned manner.
[0223] [Organic Display Device]

[0224] FIG. 38 is a perspective view illustrating an organic
display device pertaining to one aspect of the present inven-
tion and the like. As illustrated in FIG. 38, a display device
100 pertaining to one aspect of the present invention is an
organic EL display formed by regularly arranging pixels each
emitting light of R, G, or B color in the column and the row
directions so as to form a matrix. Each of the pixels includes
the organic EL element pertaining to one aspect of the present
invention.

[0225] FIG. 39 illustrates an overall structure of the organic
display device pertaining to one aspect of the present inven-
tion. As illustrated in FIG. 39, the organic display device 100
includes the organic display panel 110 pertaining to one
aspect of the present invention and a drive control unit 120
connected to the organic display panel 110. The drive control
unit 120 includes four drive circuits 121 to 124 and a control
circuit 125. In the organic display device 100 actually imple-
mented, the arrangement of the drive control unit 120 relative
to the organic display panel 110 and the connection between
the drive control unit 120 and the organic display panel 110
are not limited to those described above.

[0226] The organic display device 100 having the above-
mentioned structure provides excellent image quality, as it
utilizes the organic light-emitting element having excellent
light-emitting characteristics.

[0227] [Organic Light-Emitting Device]

[0228] FIGS. 40A and 40B are respectively a vertical cross-
sectional view and a horizontal cross-sectional view of the
organic light-emitting device pertaining to one aspect of the
present invention. As illustrated in FIGS. 40A and 40B, an
organic light-emitting device 200 includes: a plurality of
organic light-emitting elements 210 pertaining to one aspect
of the present invention; a base 220 having the organic light-
emitting elements 210 mounted on an upper surface thereof;
and a pair of reflection members 230 attached to the base 220
so as to sandwich the organic light-emitting elements 210.
Each of the organic light-emitting elements 210 is electrically
connected to an electrically conductive pattern (not illus-
trated) formed on the base 220, and emits light by driving
power provided by the electrically conductive pattern. The
reflection members 230 control distribution of a portion of
light emitted from the organic light-emitting elements 210.
[0229] The organic light-emitting device 200 having the
above-mentioned structure provides excellent image quality,
as it utilizes the organic light-emitting element having excel-
lent light-emitting characteristics.

[0230] [Modifications]

[0231] Specific explanation has been provided of the
method of manufacturing the organic light-emitting element,
the organic display panel, the organic light-emitting device,
the method of forming the functional layer, the ink, the sub-
strate, the organic light-emitting element, the organic display
device, and the inkjet device pertaining to one aspect of the
present invention. It should be noted, however, that the above-
mentioned embodiment is merely one example used to
describe the effects of the structure of the present invention,
and therefore, the present invention should not be construed
as being limited to the above-mentioned embodiment.
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[0232] For example, the ink for the organic light-emitting
element pertaining to one aspect of the present invention is
not limited to the ink for forming the organic light-emitting
layer and the hole transport layer, and may be ink for forming
a functional layer other than the organic light-emitting layer
and the hole transport layer, such as the electron transport
layer, the hole injection layer, and the electron injection layer.
[0233] The organic light-emitting element pertaining to
one aspect of the present invention is not limited to the top
emission-type organic light-emitting element, and may be the
bottom emission-type organic light-emitting element.
[0234] Regarding the organic display panel pertaining to
one aspect of the present invention, although the color of light
emitted from the organic light-emitting layer is not referred to
in the above-mentioned embodiment, the organic display
panel may achieve not only monochrome display but also full
color display. In the organic display panel that achieves full
color display, the organic light-emitting element corresponds
to one sub-pixel for each of the colors R, G and B, and a
combination of three adjacent sub-pixels for the colors R, G,
and B form one pixel. A plurality of such pixels are arranged
in a matrix to form an image display region of the organic
display panel.

[0235] The ink pertaining to one aspect of the present
invention is not limited to the ink for the organic light-emit-
ting element and may be ink for an organic transistor element.

INDUSTRIAL APPLICABILITY

[0236] The ink for the organic light-emitting element pet-
taining to one aspect of the present invention is widely appli-
cable to a process of manufacturing the organic light-emitting
element by a wet process. In addition, the organic light-
emitting element pertaining to one aspect of the present
invention is widely applicable in, for example, the field of
passive matrix-type and active matrix-type organic display
devices and organic light-emitting devices.

REFERENCE SIGNS LIST

[0237] 2,3 first electrode

[0238] 5 bank

[0239] 6 hole transport layer (functional layer)
[0240] 7 light-emitting layer (functional layer)
[0241] 9 second electrode

[0242] 11 substrate

[0243] 12 opening

[0244] 20 inkjet device

[0245] 22 functional material

[0246] 27 ink ejection nozzle

[0247] 100 organic light-emitting device
[0248] 110 organic display panel

[0249] 111 organic light-emitting element
[0250] 200 organic display device

1. A method of manufacturing an organic light-emitting
element, comprising;

preparing ink including functional material as a material
for a functional layer and a solvent dissolving the func-
tional material, and filling an inkjet device having anink
ejection nozzle with the ink, the functional material
having a weight-average molecular weight greater than
zero and equal to or less than 400,000;

preparing a substrate having a base layer including a first
electrode;
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positioning the inkjet device above the substrate, and caus-
ing the inkjet device to eject a drop of the ink onto the
base layer of the substrate;

forming the functional layer by drying the ink ejected onto
the base layer of the substrate; and

forming a second electrode above the functional layer,
wherein

in the preparation of the ink, when a value Z denotes a
reciprocal of the Ohnesorge number Oh determined by
density p (g/m?), surface tension y (mNm), and viscos-
ity 1) (mPa-s) of the ink and a diameter r (mm) of the ink
ejection nozzle, the value Z is within a range of Formula
ls

in the ejection of the drop of the ink, speed V (m/s) of the
ejected drop of the ink is within a range of Formula 2,
and

the value Z and the speed V (v/s) satisfy Formula 3:

0.7sZ=30

where Z=1/Ohnesorge number Oh=(r- p-y)”z/n (Formula 1);

3=P=6 (Formula 2); and

V=-0.95 Ln(Z)+7.63 (Formula 3).

2. The method of manufacturing the organic light-emitting
element of claim 1, wherein

the value Z is further within a range of Formula 4, and

the value 7 and the speed V (m/s) further satisfy Formula 3:

3=7=13 (Formula 4); and

V=-2.17 Ln(Z)+8.47 (Formula 5).

3. The method of manufacturing the organic light-emitting
element of claim 1, wherein
the value Z is two or more and is ten or less, and
the speed V is 3 m/s or more and is S in/s or less.
4. The method of manufacturing the organic light-emitting
element of claim 1, wherein
the density p of the ink is more than 827 g/m® and is 1190
g/m” or less,
the surface tension y of the ink is more than 27.3 mN-m and
is 41.9 mN-m or less,
the viscosity 1 of the ink is 0.9 mPa-s or more and is 35.0
mPa-s or less, and
the diameter r of the ink ejection nozzle is 0.02 mm or more
and is 0.03 mm or less.
5. The method of manufacturing the organic light-emitting
element of claim 2, wherein
the density p of the ink is 950 g/m> or more and is 960 g/m®
or less,
the surface tension v of the ink is 33.5 mN'm or more and
is 33.9 mN-m or less,
the viscosity 1) of the ink is 3.0 mPa-s or more and is 7.7
mPa-s or less, and
the diameter r of the ink ejection nozzle is 0.02 mm or more
and is 0.03 mm or less.
6. The method of manufacturing the organic light-emitting
element of claim 1, wherein
in the preparation of the substrate, the substrate has a
plurality of openings corresponding to respective pixel
units and includes a plurality of banks each formed
above the base layer to partition adjacent pixel units, and
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in the ejection of the drop of the ink, drops of the ink are
ejected onto the base layer in regions corresponding to
the openings between the banks.

7. An organic display panel utilizing the organic light-
emitting element manufactured by the method of claim 1.

8. An organic light-emitting device utilizing the organic
light-emitting element manufactured by the method of claim
1.

9. An organic display device utilizing the organic light-
emitting element manufactured by the method of claim 1.

10. A method of forming a functional layer, comprising:

preparing ink including functional material as a material

for the functional layer and a solvent dissolving the
functional material, and filling an inkjet device having
an ink ejection nozzle with the ink, the functional mate-
rial having a weight-average molecular weight greater
than zero and equal to or less than 400,000,

preparing a substrate on which the functional layer is to be

formed;

positioning the inkjet device above the substrate, and caus-

ing the inkjet device to eject a drop of the ink onto the
substrate; and

forming the functional layer by drying the ink ejected onto

the substrate; and, wherein

in the preparation of the ink, when a value Z denotes a

reciprocal of the Ohnesorge number Oh determined by
density p (g/m?), surface tension y (mN-m), and viscos-
ity 1 (mPa-s) of the ink and a diameter r (mm) of the ink
gjectionnozzle, the value Z is within a range of Formula
ls

in the ejection of the drop of the ink, speed V (my/s) of the

¢gjected drop of the ink is within a range of Formula 2,
and

the value Z and the speed V (m/s) satisfy Formula 3:

0.7<Z<30

where Z=1/Ohnesorge number Oh:(r-p-y)m/n) (Formula 1);

3=V=6 (Formula 2); and

V=-0.95 Ln(Z)+7.63 (Formula 3).

11. The method of forming the functional layer of claim 10,
wherein

the value Z is further within a range of Formula 4, and
the value Z and the speed V (m/s) further satisfy Formula 5:

3=7=13 (Formula 4); and

V=-2.17 Ln(Z)+8.47 (Formula 3).

12. The method of forming the functional layer of claim 10,
wherein
the value Z is two or more and is ten or less, and
the speed V is 3 m/s or more and is 5 in/s or less.
13. The method of forming the functional layer of claim 10,
wherein
the density p of the ink is more than 827 g/m® and is 1190
g/m> or less,
the surface tension y of the ink is more than 27.3 mN-m and
is 41.9 mN'm or less,
the viscosity 1 of the ink is 0.9 mPa-s or more and is 35.0
mPa-s or less, and
the diameter r of the ink ejection nozzle is 0.02 mm or more
and 1s 0.03 mm or less.



US 2013/0292661 Al

14. The method of forming the functional layer of claim 11,
wherein

the density p of the ink is 950 g/m® or more and is 960 g/m>

or less,

the surface tension v of the ink is 33.5 mN'm or more and

15 33.9 mN-m or less,

the viscosity 1 of the ink is 3.0 mPa-s or more and is 7.7

mPa-s or less, and

the diameter r of the ink ejection nozzle is 0.02 mm or more

and is 0.03 mm or less.

15. An ink that is ejected onto a substrate by an inkjet
device having an ink ejection nozzle, and is dried to form a
functional layer, comprising:

functional material as a material for the functional layer,

the functional material having a weight-average molecu-
lar weight greater than zero and equal to or less than
400,000, and

a solvent dissolving the functional material, wherein

when a value 7 denotes a reciprocal of the Ohnesorge

number Oh determined by density p (g/m®), surface
tension y (mN-m), and viscosity 1) (mPas) of the ink and
a diameter r (mm) of the ink ejection nozzle, the value Z
is within a range of Formula 1,

speed V (n/s) at which the ink is ejected is within a range

of Formula 2, and

the value Z and the speed V (/s) satisfy Formula 3:

0.7Z<30

where Z=1/Ohnesorge number Oh=(r-py)2/m (Formula 1);

3=V=6 (Formula 2); and

V=-0.95 Ln(Z)+7.63

16. The ink of claim 15, wherein
the value Z is further within a range of Formula 4, and
the value 7 and the speed V (m/s) further satisfy Formula 5:

(Formula 3).

3=7=13 (Formula 4); and

Vs-2.17 Ln(Z)+8.47

17. The ink of claim 15,

including the solvent and the functional material as a mate-
rial for the functional layer of an organic light-emitting
element; and

being ejected onto a base layer of the substrate for the
organic light-emitting element and dried to form the
functional layer between a first electrode included in the
base layer and a second electrode opposing the base
layer.

18. The ink of claim 15, wherein

when the speed V is 3 in/s or more and is 5 m/s or less, the
value Z, which is determined by the density p (g/m?), the
surface tension y (mN-m), and the viscosity 1 (mPa-s) of
the ink, is two or more and is ten or less.

19. The ink of claim 15, wherein

when the diameter r of the ink ejection nozzle is 0.02 mm
or more and is 0.03 mm or less,

the density p of the ink is more than 827 g/m> and is 1190
g/m> or less,

the surface tension y of the ink is more than 27.3 mN-m and
is 41.9 mN-m or less, and

the viscosity 1 of the ink is 0.9 mPa-s or more and is 35.0
mPa-s or less.

(Formula 5).
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20. The ink of claim 16, wherein

the density p of the ink is 950 g/m® or more and is 960 g/m®

or less,

the surface tension y of the ink is 33.5 mN-m or more and

i$ 33.9 mN'm or less,

the viscosity m of the ink is 3.0 mPas or more and is 7.7

mPa-s or less, and

the diameter r of the ink ejection nozzle is 0.02 mm or more

and is 0.03 mm or less.

21. A substrate having the functional layer manufactured
by using the ink of claim 15.

22. The organic light-emitting element having the func-
tional layer manufactured by using the ink of claim 17.

23. An organic display panel including the organic light-
emitting element having the functional layer manufactured
by using the ink of claim 17.

24. An organic light-emitting device including the organic
light-emitting element having the functional layer manufac-
tured by using the ink of claim 17.

25. An organic display device including the organic light-
emitting element having the functional layer manufactured
by using the ink of claim 17.

26. An inkjet device that is for containing therein ink
including functional material as a material for a functional
layer and a solvent dissolving the functional material, and
ejects the ink from an ink ejection nozzle onto a substrate to
foam the functional layer, the functional material having a
weight-average molecular weight greater than zero and equal
to or less than 400,000, wherein

when a value Z denotes a reciprocal of the Ohnesorge

number Oh determined by density p (g/m?), surface
tension y(mN-m), and viscosity 1 (mPa-s) of the ink and
a diameter r (min) of the ink ejection nozzle, the value Z
is within a range of Formula 1,

speed V (m/s) at which the ink is ejected is within a range

of Formula 2, and

the value 7 and the speed V (m/s) satisfy Formula 3:

0.7=Z<30

where Z=1/Ohnesorge number Oh:(r-p-y)l/z/n (Formula 1);
3=V=6 (Formula 2); and

V=-0.95 Ln(Z)+7.63 (Formula 3).

27. The inkjet device of claim 26, wherein
the value Z is further within a range of Formula 4, and
the value Z and the speed V (m/s) further satisfy Formula 5:

3=Z<13 (Formula 4); and

V=-2.17 Lu(Z)+8.47 (Formula 5).

28. The inkjet device of claim 26, wherein
the functional material included in the ink is a material for
the functional layer of an organic light-emitting element,
and
the ink is ejected onto a base layer of the substrate for the
organic light-emitting element to form the functional
layer between a first electrode included in the base layer
and a second electrode opposing the base layer.
29. A substrate having the functional layer manufactured
by using the inkjet device of claim 26.
30. The organic light-emitting element having the func-
tional layer manufactured by using the inkjet device of claim
28.
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31. An organic display panel including the organic light-
emitting element having the functional layer manufactured
by using the inkjet device of claim 28.

32. An organic light-emitting device including the organic
light-emitting element having the functional layer manufac-
tured by using the inkjet device of claim 28.

33. An organic display device including the organic light-
emitting element having the functional layer manufactured
by using the inkjet device of claim 28.

® 0% % % %
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